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INTRODUCCION

La comunidad de Ingenieria Web aboga por el uso de modelos con el fin de mejorar
los procesos de desarrollo de software para aplicaciones Web. Una forma de clasificar las
practicas de modelado en la industria es de acuerdo al grado en que se utilizan los modelos
para apoyar el proceso de desarrollo. Fowler [19] describe tres modos diferentes en que
los lenguajes de modelado -y sobre todo UML (Unified Modeling Language)- se pueden

utilizar: boceto, plano y lenguaje de programacion.

= Los bocetos (sketches) son diagramas informales utilizados para comunicar ideas. Por
lo general, se centran en un aspecto particular del sistema y no estan destinados a
mostrar todos los detalles. Es el uso mas comuin del UML, y recomendado en practicas de
desarrollo agil, centradas en el cdigo (code-centric) en frameworks como Scrum, donde
las herramientas son poco usadas.

= Los planos (blueprints) son diagramas que muestran la mayoria de los detalles de un
sistema con el fin de fomentar su conocimiento o para proporcionar puntos de vista del
cédigo de forma gréafica. Los planos son ampliamente utilizados en practicas de desa-
rrollo basado en modelos (MBD, Model-Based Development), como los promovidos por
frameworks como RUP (Rational Unified Process) [8].

= Los modelos también pueden ser utilizados para caracterizar completamente la aplicacion
(programming language). Si tal es el caso, los diagramas reemplazan el cédigo, y estos
son compilados directamente en archivos binarios ejecutables. Este uso del modelado
tiene como punto de partida la ingenieria Web que se crea bajo el enfoque de desarrollo

dirigido por modelos (MDD, Model Driven Development).
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El MDD, también reconocido por las siglas MDE (del inglés, Model Driven Enginee-
ring), es una aproximacion al desarrollo de software basado en: (a) la creacién de modelos
del sistema a distintos niveles de abstraccién y, (b) su uso como base de un proceso de
generaciéon automatica de cédigo [75]. Entre las reivindicaciones de este paradigma de

desarrollo se encuentran [41, 76]:

. Mayor simplicidad del proceso. El desarrollador se puede aislar de la complejidad tec-
nolégica y centrarse en la estructura y comportamiento deseado de la aplicacion.

. Mejora de la productividad del proceso de desarrollo. El uso de modelos permite espe-
cificar el sistema a distintos niveles de abstraccion y favorece de este modo el reuso.
La definiciéon de transformaciones modelo a modelo y modelo a cédigo automatiza gran
parte del proceso de codificacion.

. Mejora de la calidad externa de la aplicacién resultante (Funcionalidad, Fiabilidad, Usa-~
bilidad, Eficiencia, Mantenibilidad y Portabilidad) [32].

. Mejora de la satisfaccion de los desarrolladores con el proceso de desarrollo.

La ingenieria Web es un dominio especifico donde el desarrollo de software dirigido
por modelos puede ser aplicado con éxito [60]. Los enfoques de Ingenieria Web Dirigidos
por Modelos (MDWE, Model-Driven Web Engineering), entre los que se destacan RUX
[40], WebML [10], OOH4RIA [48], OOHDM [82], UWE [70] y OOWS [84], proporcionan
un conjunto de métodos y herramientas adecuadas al diseno y desarrollo de la mayoria de

los tipos de aplicaciones Web.

Sin embargo, y a pesar de las numerosas llamadas de atencién en la comunidad de
Ingenieria del Software acerca de la necesidad de acompanar este tipo de afirmaciones
con evidencias empiricas [22, 68], la gran mayoria de las contribuciones en el campo del
MDE siguen siendo la definicién de nuevas metodologias, técnicas y herramientas que,
aunque viables, no llegan a demostrar de manera fiable su utilidad y ventajas respecto a

sus predecesoras.
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Objetivos de Investigacion e Hipdtesis Inicial

Con el fin de contribuir a que la comunidad de Ingenieria Web proporcione estas evi-
dencias empiricas, el area de experimentacién en Ingenieria del Software ha desarrollado
guias exhaustivas que ayudan a los investigadores en el proceso de obtencion de datos fia-
bles acerca de las ventajas o desventajas de los distintos métodos, técnicas o herramientas
empleadas en la construcciéon de sistemas software [25, 38]. Sin embargo, en ausencia de
estos datos empiricos, se sigue corriendo el riesgo de sostener conclusiones erréneas [34],
perjudicando de esta manera tanto la toma de decisiones en el &mbito empresarial [69]

como la propia imagen de la disciplina, tal y como ya ha sucedido en el pasado [85].

Aun mas importante, es necesario proporcionar un acceso rapido, claro y conciso a
las evidencias empiricas de las que se dispone, de manera que ese conocimiento llegue a
los encargados de decidir acerca de su adopcién en la practica. En el caso de MDE, esta
falta de organizacién de la evidencia empirica, asi como, cuando existe, su falta de relacién
con metodologias bien definidas, puede estar perjudicando su adopcién por parte de las
empresas. La decision de adoptar una nueva aproximacién o utilizar nuevas herramientas
en el desarrollo de software debe venir avalada por un proceso fiable y repetible, de manera

que se maximicen las probabilidades de éxito de su implantacién en la industria.

Por tanto, el objetivo de esta investigacién puede resumirse como aumentar el acer-
vo empirico existente respecto al impacto de las practicas MDE sobre la mantenibilidad,
productividad, satisfaccion y, en ultimo término, intencion de uso de los desarrolladores

y mantenedores de aplicaciones Web. Este objetivo ha sido desglosado como sigue:

= Identificar y clasificar la evidencia empirica existente con respecto a las mejoras en pro-
ductividad y mantenibilidad que reporta el uso del paradigma MDE. Para ello se realiza
un mapeo sistematico, un tipo de estudio secundario que esta disenado especificamente
para abordar este tipo de objetivos.

= Comparar la mantenibilidad de aplicaciones cuando se realizan tareas de mantenimiento

(a) directamente sobre cédigo (code-centric) o (b) directamente sobre modelos (MDE).
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Comparar la satisfaccién de los mantenedores de software cuando realizan las tareas de
mantenimiento (a) directamente sobre codigo (code-centric) o (b) directamente sobre
modelos (MDE).

Comparar la productividad de los desarrolladores de software cuando realizan las tareas
de desarrollo (a) directamente sobre codigo (code-centric), (b) con la ayuda de modelos
(MBD) o (c) directamente sobre modelos (MDE).

Comparar la satisfaccion de los desarrolladores de software cuando realizan las tareas
de desarrollo (a) directamente sobre codigo (code-centric), (b) con la ayuda de modelos
(MBD) o (c) directamente sobre modelos (MDE).

Comparar la intencién de adopcién de los distintos paradigmas de desarrollo (code-

centric, MBD y MDE).

Para ello, se han disenado un conjunto de quasi-experimentos basados en el framework
para la experimentacién en la Ingenierfa del Software sugerido en [89]. Las hipdtesis de

partida de la presente investigacién han sido las siguientes:

Hipétesis 1: El uso de MDE para el mantenimiento de aplicaciones mejora la mante-
nibilidad de la aplicacién resultante con respecto al mantenimiento directamente sobre
codigo.

Hipétesis 2: El uso de MDE para el desarrollo de aplicaciones mejora la productividad
y satisfaccion del desarrollador con respecto al desarrollo basado en modelo y centrado
en el cédigo.

Hipétesis 3: El uso de MDE para el mantenimiento de aplicaciones incrementa la satis-
faccién del desarrollador e incide positivamente en la intenciéon de adopcion de este
método para futuros desarrollos, con respecto al mantenimiento de aplicaciones basadas

en modelos y centradas en el cédigo.
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Publicaciones Pertenecientes a esta Tesis Doctoral

Los articulos que por su contribucion cientifica forman parte de esta tesis doctoral

son:
Capitulo 2:

Martinez, Y., Cachero, C. y Melid, S. - Evidencia empirica sobre mejoras en productivi-
dad y calidad en enfoques MDD: un mapeo sistemdtico. Revista Espanola de Innovacion,

Calidad e Ingenieria del Software. Volumen 7, No. 2, octubre, 2011.

Este trabajo, aplicando el proceso de mapeo sistematico, clasifica la evidencia empiri-
ca existente respecto a la mejora en productividad y calidad -con especial énfasis en
mantenibilidad- de las aplicaciones, e identifica un conjunto de asunciones en este campo
de investigacién que carecen a dia de hoy de evidencia empirica que las sustente o, si la hay,
es conflictiva. Este trabajo justifica por tanto la novedad y relevancia de las contribuciones

de esta tesis, y es la base de las hipotesis formuladas en ella.
Capitulo 3:

Martinez, Y. and Cachero, C. and Matera, M. and Abrahao, S. and Lujan, S. - Impact of
MDE approaches on the maintainability of Web applications: an experimental evaluation.
Proceedings of Conceptual Modeling ER 2011: 30th International Conference on Concep-

tual Modeling, Brussels, Belgium, October 31-November 3, 2011, pp 233-246.

Dadas las discrepancias existentes en la literatura sobre cuédn significativo es el impac-
to de enfoques MDE sobre el tiempo necesario para realizar un cambio en el software, que
fueron identificadas en el capitulo anterior, en este capitulo se presenta un estudio empirico
que compara una metodologia MDE (WebML) y una metodologia centrada en el cédigo
(PHP) con respecto al rendimiento y satisfaccién de desarrolladores noveles mientras llevan
a cabo las tareas de analizabilidad y cambiabilidad tanto correctivas como perfectivas en la
capa de presentacion de una aplicaciéon Web. Los resultados muestran que los sujetos que

realizan las tareas de mantenimiento con WebML obtienen un mayor rendimiento, aunque
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muestran una ligera preferencia por realizar las tareas de mantenibilidad directamente en

el codigo fuente.
Capitulo 4:

Martinez, Y., Cachero, C. and Melia, S. - Evaluating the impact of a Model-Driven Web
Engineering Approach on the Productivity and the Satisfaction of Software Development
Teams. Proceeding of 12th International Conference on Web Engineering ICWE 2012:

Berlin, Germany, july 23-27, 2012, pp 223-237.

Entre las evidencias que se presentan en el capitulo 2 se reportan tanto ganancias
como pérdidas en la productividad de los desarrolladores cuando utilizan el paradigma
MDE. Con el fin de aumentar el acervo empirico en la comunidad de la Ingenieria Web,
este trabajo presenta un estudio empirico que compara la productividad y satisfaccion
de desarrolladores noveles durante el desarrollo de la légica de negocio de una aplicacién
Web 2.0, usando tres aproximaciones de desarrollo: code-centric (lenguaje C# en Visual
Studio .NET 2010), MBD (empleando UML en RSM, para comprender los objetivos del
sistema, pero sin generaciéon de cédigo) y MDE (OOH4RIA). Los resultados muestran un
significativo incremento de la productividad y la satisfaccion de los sujetos cuando usan
OOH4RIA. También se demuestra que las actividades de modelado que no estan acom-
panadas de un fuerte ambiente de generacion de cédigo (UML con RSM), la satisfaccién

disminuye con respecto a las practicas code-centric con .NET.
Capitulo 5:

Martinez, Y., Cachero, C. and Melid, S. - MDD vs. Traditional Software Development: a
practitioner’s subjective perspective. Information and Software Technology. Published by

Elsevier B.V. hitp://dx.doi.org/10.1016/7.infsof.2012.07.004.

Mas alla del impacto del método de desarrollo utilizado sobre la efectividad y la efi-
ciencia de las tareas que se llevan a cabo, cualquier método que aspire a ser adoptado por
la industria tiene que garantizar altos niveles de satisfaccion de los desarrolladores. Un

aspecto importante a tener en cuenta acerca de cambios en el comportamiento humano es
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que son las impresiones subjetivas (satisfaccion), mas que los datos objetivos (productivi-
dad), los que inciden en la intencién de adopcién de un método de desarrollo de software

y, en 1ltima instancia, en su nivel de adopcién final [58].

En este capitulo se vuelven a comparar mediante un quasi-experimento tres méto-
dos, cada uno siguiendo un enfoque de desarrollo diferente (code-centric, MBD y MDE),
respecto a su potencial de adopcién por desarrolladores noveles mientras desarrollan la
l6gica de negocio de una aplicacion Web 2.0. Como base a la prediccion de la intencién de
adopcion de las tecnologias por los desarrolladores se utiliza una adaptacion del Modelo
de Adopcién de Tecnologias (TAM) [57]. Los resultados muestran que OOH4RIA (como
enfoque MDE) es percibido como maés util, aunque también es considerado el menos com-
patible con las experiencias previas de los desarrolladores. Ademas se evidencia que los
desarrolladores de software noveles se sienten cémodos con el uso de modelos, y que estos
son preferidos siempre que estén acompanados por un ambiente de desarrollo y generacién

automatica de codigo MDE.

El dltimo trabajo que forma parte de esta tesis doctoral y que actualmente se en-

cuentra bajo proceso de revision en revista de alto impacto se presenta en el Apéndice

A.
Apéndice A

Martinez, Y., Cachero, C. and Melid, S. - Model Driven maintainability improvement of

Web Applications.

La generalizabilidad de los resultados obtenidos mediante experimentos realizados en
ambientes controlados, p.e. su validez externa, se encuentra limitada por el propio entorno
experimental. Es por ello que es fundamental realizar réplicas donde se cambien detalles
de dicho ambiente con el fin de comprobar si las mismas hipdtesis pueden seguir siendo

refutadas.

En este trabajo se realiza un nuevo experimento de mantenibilidad, comparando el

rendimiento y la satisfaccién de desarrolladores noveles mientras llevan a cabo tareas de
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mantenibilidad correctivas y perfectivas en la légica de negocio de una aplicaciéon Web 2.0,
cuando usan diferentes enfoques de desarrollo: code-centric (lenguaje C# en Visual Studio
NET 2010) y MDE (usando OOH4RIA). Los resultados muestran que la metodologia
OOH4RIA mejora el rendimiento de los desarrolladores y la satisfaccion, aunque esta

ultima no significativamente.

Estructura de la tesis

La presente tesis se estructura en tres partes, distribuidas de la siguiente manera: en
la primera parte (compuesta por el Capitulo 1 y resumen global de la tesis por compendio
de articulos), se introduce el campo de investigacion MDE y sus principales reivindica-
ciones en la industria de desarrollo de software, resenando sus conceptos fundamentales.
Ademas, se describen los estudios empiricos realizados y los resultados obtenidos, asi co-
mo las amenazas a la validez que limitan su generalizacién. A continuaciéon aparecen las

conclusiones, trabajos futuros y referencias bibliograficas.

Los articulos y sus contribuciones son presentados por capitulos en la Parte II de la
tesis. Por tultimo, en la Parte III se relacionan los apéndices, que incluye un trabajo que

se encuentra actualmente en proceso de revision.



Parte 1

SINTESIS EN CASTELLANO



CAPITULO 1
DESARROLLO Y MANTENIMIENTO DE
APLICACIONES WEB UTILIZANDO ENFOQUE
MDE

1.1. Introduccion

La comunidad de Ingenieria de la Web ha dedicado muchos esfuerzos a la definicion de
enfoques MDE [83], fuertemente caracterizados por la adopcién de modelos conceptuales,
con el fin de mejorar los procesos de desarrollo de las aplicaciones Web. Estos enfoques
permiten capturar las caracteristicas mas sobresalientes de las aplicaciones Web sin ne-
cesidad de bajar a detalles de implementacién, y por tanto permiten acelerar el proceso
de desarrollo de este tipo de aplicaciones. MDE también hace énfasis en la importancia
de las transformaciones de modelos (modelo a modelo y modelo a cédigo), que permiten
la generacion automatica del codigo de la aplicacién a partir de los modelos conceptuales
de alto nivel. Entre los argumentos mas comtunmente esgrimidos en favor de los enfoques
MDE se encuentran: facilidad de mantenimiento, incremento de la productividad y una

mayor satisfaccion de los desarrolladores.

Con el objetivo de proveer a la comunidad de desarrolladores de Ingenieria Web y a los
desarrolladores de software en general, con nuevas evidencias empiricas que respalden /refuten
los supuestos de este paradigma, en esta tesis doctoral se reporta una familia de experi-
mentos centrada en la comparacién de la mantenibilidad, productividad, satisfaccién e
intenciéon de adopcién del MDE con respecto a otros paradigmas existentes. A continua-

cién se presenta un resumen global de esta tesis: el estado actual de la investigacion en
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este campo (obtenido a partir de un mapeo sistematico de la literatura), los experimen-
tos realizados, los resultados obtenidos y las principales conclusiones que ha sido posible

extraer.
1.2. Estado actual

Para consolidar el avance del desarrollo MDE y poner a disposicion de la comunidad
de Ingenieria del Software (IS) las evidencias empiricas existentes, acerca de cémo MDE
contribuye a mejorar la calidad de la aplicacién resultante -con especial énfasis en la
mantenibilidad- y la productividad del proceso de desarrollo, se ha realizado un mapeo
sistemético [37, 67] para organizar los datos publicados hasta el momento a través de un

mapa conceptual.

La busqueda se ha centrado en el periodo 2001-2010, pues la OMG (Object Manage-
ment Group) propuso la adopciéon de MDA (Model Driven Architecture) como estandar
para las actividades involucradas en el MDE en el ano 2001, aunque la guia oficial no fue
publicada hasta junio del 2003 [65]. Las principales fuentes de datos utilizadas han sido
cuatro: Google Scholar como motor de buisqueda lider en el seno de la comunidad cientifica
de investigadores académicos [63] y los tres foros mds significativos en la IS: ACM, IEEE

y Springer.

En este estudio, de las 599 publicaciones encontradas que se relacionan con el impacto
del paradigma MDE sobre calidad del producto y productividad del proceso, solo el 8, 35 %
(50 publicaciones) han resultado relevantes para la investigacion. Estos trabajos se han
clasificado de acuerdo a: las medidas evaluadas (calidad del proceso y del producto) [32],
el tipo de estudio empirico realizado (caso de estudio, experimento, encuesta o meta-
analisis) [35, 51] y el enfoque de investigacién utilizado (validacion en entornos controlados
o evaluacién en entornos reales) [88]; ademas, se ha recogido el afo y tipo de publicacién

mediante el que fue diseminado.

El resultado sintetizado de esta actividad se puede observar de manera grafica en el

diagrama de burbuja de la Figura 1-1, que a través de un diagrama de dispersion XY
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[67] visualiza la frecuencia de estudios empiricos, segun el tipo de estudio, ordenados por
anos y por medidas de calidad. En este diagrama la burbuja ilustra el nimero de articulos
que estan en el par de categorias que corresponden a la coordenada. Cuando un trabajo
ha afectado mds de una categoria (p.e. un meta-analisis de mas de una caracteristica
de calidad, o presentacién de més de un tipo de estudio empirico), el trabajo ha sido

contabilizado en todas las caracteristicas.
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Figura 1-1: Diagrama de burbuja. Visualizacién del mapeo sistemético.

Como se puede apreciar (ver Figura 1-1) el porcentaje de estudios que realmente
proporcionan evidencia empirica acerca de mejoras de calidad y productividad en MDE
es bastante bajo. De manera general, los resultados més relevantes reportados por los

estudios empiricos existentes se pueden resumir como sigue:

= Los estudios que validan el uso de MDE en entornos académicos reportan una produc-
tividad de 2 a 9 veces superior a la obtenida con otros paradigmas de desarrollo [16].
La productividad puede llegar a ser hasta 20 veces superior segtin se va aumentando el
tamano del proyecto de desarrollo. Estos resultados contrastan con los reportados por
experimentos en entornos industriales [56], donde los resultados son mucho mas hete-
rogéneos, y van desde los que directamente reportan una pérdida de productividad de
un 10% [53], a los que coinciden con los estudios académicos y reportan ganancias que

oscilan entre un 20 % y un 35 % de productividad [39, 42, 53, 80].
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= Con respecto a la mantenibilidad, los articulos incluidos en este estudio reportan que el
tiempo necesario para evaluar el impacto de un cambio es substancialmente mas corto
si se usa una visualizacién gréfica (diagramas) en comparacién con la utilizacién de
solo codigo [50]. Ademas, usando aproximaciones MDE completas para el proceso de
mantenimiento se mejora ain més la mantenibilidad [24]. Estos datos contrastan en
cierta medida con los reportados en [18], donde se expone que el uso de UML como
lenguaje en el mantenimiento no tiene un impacto significativo en el tiempo necesario
para realizar un cambio, pues también se debe contar el tiempo para poner al dia la
documentacién de UML. Sin embargo, por lo que se refiere a la exactitud funcional de
los cambios (introduccién de nuevos errores en el software durante el mantenimiento),
UML ha demostrado un impacto positivo a la hora de mejorar la calidad del cédigo,
incluso si los desarrolladores no estan muy familiarizados con su uso.

= En cuanto al impacto de MDE sobre la eficiencia, funcionalidad, fiabilidad, usabilidad y
portabilidad, la literatura provee resultados en su mayor parte anecdéticos, poco contras-
tados, lo que hace muy dificil su generalizacion. Los estudios se centran principalmente en
presentar experiencias donde précticas especificas (una determinada herramienta, apro-
ximacion, técnica, modelo, etc.) han mostrado sus bondades a la hora de mejorar la

calidad del producto final.

Ademas, este mapeo sistematico ha detectado un interés creciente en estudiar el im-
pacto de los factores sociales, técnicos y organicos en la productividad y satisfaccién de
los desarrolladores y, en ultimo término, en el éxito o fracaso de la implantacién de una
aproximacién MDE en la industria. Dentro de este campo, estudios recientes [26, 27] han
encontrado una correlacion positiva entre un entorno con mejores conocimientos organiza-
tivos y mejor comunicacion en el equipo de desarrollo y las variables de productividad y
mantenibilidad del proceso MDE, con un incremento de 66,7 % y 73,7 % respectivamen-
te. Otras conclusiones de estos estudios remarcan la importancia del entrenamiento y la

educaciéon para alcanzar las promesas de este paradigma.
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Por ltimo, en relacién al impacto de MDE sobre la satisfaccion, en general se asume
que usar métodos y herramientas MDE mejora la experiencia global del desarrollador, y
esta a su vez mejora la intencion del desarrollador de asumir el método, particularmente
cuando los sistemas a desarrollar son grandes y complicados [5]. Sin embargo, la literatura
consultada revela una falta de evidencias empiricas que corroboren que la satisfaccion

mejora realmente.
1.3. Modelo de calidad de la ISO

La evaluacion de los productos de software es una de las actividades que se incluyen
dentro el desarrollo y ejecucién de cualquier ciclo de vida. Esta evaluacion puede realizarse
a través de un conjunto de métricas bien definidas que aseguran la calidad del producto
de software. Segin Pressman [71], la calidad del software es “la concordancia con los
requisitos funcionales y de rendimiento explicitamente establecidos, con los estandares de
desarrollo explicitamente documentados y con las caracteristicas implicitas que se espera

de todo software desarrollado profesionalmente”.

La investigacién de las métricas (medidas) de la calidad del software se va adaptando
a las necesidades y nuevas propuestas de desarrollo, nuevos lenguajes y nuevos para-
digmas de programacion [4]. Tal cometido exige de la ISO (International Organization
for Standardization) y la IEC (International Electrotechnical Commission) una constante
revaluacién de las normas y estandares para definir las caracteristicas de calidad necesarias
para garantizar los objetivos de los sistemas y de los desarrolladores. De ahi la continua
evolucion de los estandares internacionales asociados a la calidad del producto de software:
desde las series ISO/IEC 9126 [32], ISO/IEC 14598 [30] y la familia ISO/IEC SQuaRE
25000 [29] que incluye el modelo de calidad actual ISO/IEC 25010 [31].

El autor asume como modelo de calidad el estandar ISO/IEC 9126 [32] (ver Figura
1-2) para la caracterizacién de los principales conceptos, pues era la norma vigente cuando

se comenzaron a desarrollar los experimentos que forman parte de esta tesis doctoral. Esta
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norma de calidad ha sido ya cancelada y reemplazada por la ISO/IEC 25010 [31], que fue
publicada en el mes marzo del 2011 (01/03/2011).

Segun la ISO/IEC 9126, la calidad del producto software se puede evaluar desde tres

perspectivas: calidad interna, externa y en uso.

= Calidad interna: total de caracteristicas de un producto de software que pueden ser
medidas por medio de calidad interna de los requisitos.

= Calidad externa: total de caracteristicas de un producto de software que pueden ser
apreciadas cuando el software se ejecuta. Por tanto, puede ser medida y evaluada por
medio de pruebas en ambientes de simulacién y datos. La calidad externa se ve influida
por la calidad interna del producto.

= Calidad en uso: punto de vista del usuario con respecto a la calidad de un producto,
cuando se utiliza en un ambiente y contexto especifico. Mide si los usuarios pueden
lograr sus objetivos en lugar de las caracteristicas propias del software. La calidad en uso

se ve influida por la calidad interna y externa de un producto.
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Figura 1-2: Niveles de calidad establecidos como criterios de evaluacién del producto [32].

En la Figura 1-2 se representan sombreadas las caracteristicas de calidad ISO que

son analizadas en la presente investigacién segun las reivindicaciones que el paradigma
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MDE provee (Seccién 1.2) y las principales lineas de investigacién detectadas en el mapeo

sistematico realizado. Dichas caracteristicas se definen como sigue:

= Mantenibilidad: “facilidad con la que un sistema o componente de software puede ser

modificado para corregir fallos, mejorar su funcionamiento u otros atributos o adaptarse
a cambios en el entorno” [28].

» Productividad: “cantidad del producto creado -en relacion con artefactos producidos o

servicios dados- por unidades de entrada usadas” [12].
= Satisfaccién: “capacidad del producto software de satisfacer a los usuarios en un contexto
especificado de uso” [32].

= Intencién de uso: “el grado en que una persona tiene la intencion de utilizar un sistema

en particular” [58]; redefiniendo este concepto la Intencién de adopcién: “el grado en que

una persona tiene la intencién de adoptar! un sistema en particular, es decir el método

sea utilizado con asiduidad (adoptado) en la practica” [13].
1.3.1. Mantenibilidad

Actualmente a nivel mundial, el mantenimiento como estructura de apoyo ocupa un
lugar importante dentro de las organizaciones, y es visto como pieza fundamental, dados
los cambios tecnolégicos y la vertiginosa competitividad entre las empresas. Ademas, su
estudio es importante porque: a) absorbe entre el 45 % y el 60 % de los costes totales del
proyecto [7, 74], y b) la incapacidad de realizar los cambios rapida y fiablemente significa
grandes pérdidas de oportunidades de negocio a las empresas. Esta situacion ha llevado a

muchos investigadores a interesarse por la mantenibilidad desde diferentes perspectivas.

El mantenimiento de software requiere hacer cambios en una estructura o sistema
existente. Una generalizacion de los conceptos o definiciones plantea que “la mantenibilidad
es una caracteristica de calidad del software relacionada con la facilidad de mantenimiento.

A mayor mantenibilidad menores costes de mantenimiento” [77]. Respecto a los cambios

'Recibir haciéndolos propios, pareceres, métodos, doctrinas, ideologias, modas, etc., que han sido crea-
das por otras personas o comunidades”. [72]
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que pueden tener lugar durante el ciclo de vida de un sistema, algunos autores [11]

distinguen entre cuatro diferentes tipos de modificaciones (o tareas de mantenibilidad):

» Mantenibilidad preventiva: capacidad del software para apoyar la reingenieria de procesos
internos, sin efectos adversos.

» Mantenibilidad correctiva: capacidad de detectar errores, diagnosticar los problemas y
solucionarlos.

= Mantenibilidad adaptativa: capacidad de modificar el software con el fin de enfrentar los
efectos de los cambios de ambiente. Se incluyen los cambios para implementar nuevos
requisitos de interfaz, de sistema o de hardware.

» Mantenibilidad perfectiva: capacidad de extender el software de acuerdo a las nuevos

requisitos o mejoras.

Algunos autores utilizan una clasificacion més sencilla, y se limitan a distinguir entre
mantenibilidad correctiva (correcciones) y mantenibilidad perfectiva (que abarca mejoras,
adaptaciones y prevenciones). Las mejoras en forma de cambios correctivos y perfectivos
son las més comunes [55] y caras -pueden suponer gran parte de los costes de manteni-

miento y por ende, del presupuesto de desarrollo-.

Cualquiera que sea el objetivo final, todas estas formas diferentes de la mantenibilidad

pueden ser evaluadas a través de medidas asociadas a las siguientes sub-caracteristicas [32]:

= Analizabilidad: capacidad del producto de software de ser diagnosticado para detectar
las deficiencias o causas de fracasos, o para identificar las partes a ser modificadas.

n Cambiabilidad o Modificabilidad: capacidad del producto de software para permitir que
una modificacion especifica sea implementada.

» Fstabilidad: capacidad del producto de software para evitar los efectos inesperados de
las modificaciones realizadas.

= Capacidad de prueba: capacidad del producto de software para permitir que el software

modificado sea validado.
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s Cumplimiento: capacidad del producto software para satisfacer las normas o convenciones

relacionadas con la mantenibilidad.
1.3.2. Productividad, Satisfaccién del usuario e Intencién de adopcién
Productividad

La productividad, definida como la cantidad de recursos usados en relacion con los
artefactos producidos; se caracteriza por ser uno de los valores principales a tener en cuenta
para planificar un proyecto de software debido a su impacto durante la selecciéon de un
proceso de desarrollo en la industria [12]. Las ganancias de productividad son, a menudo,

una las principales motivaciones para seleccionar nuevas tecnologias.

Con frecuencia se confunden entre si los términos productividad, eficiencia y efecti-
vidad. Méndez et al. [52] definen y analizan cada término semanticamente de manera tal
que establecen la productividad como la combinacion de la efectividad (relacionada con el
desempeno) y la eficiencia (la utilizacién de los recursos). Una definicién méas amplia de

cada término aparece a continuacion:

= Efectividad, sinénimo de eficacia: capacidad de lograr el efecto que se desea o se espera
[72], es el “para qué se hace”, es decir, la relacion entre las metas puestas y las metas
logradas. La efectividad entonces seria la capacidad de cumplir un objetivo trazado [1].
= Eficiencia: capacidad de disponer de alguien o de algo para conseguir un efecto deter-
minado [72], es decir, es el “como se hace”. También puede conceptualizarse como la
relacion entre los resultados obtenidos y los recursos empleados [1]. Si con determinado
esfuerzo obtienes buenos resultados, se dice que eres una persona eficiente. Dicho de otra
forma, la eficiencia es realizar una actividad o un trabajo al menor costo posible y en el
menor tiempo, sin desperdiciar recursos econémicos, materiales ni humanos, obteniendo

un resultado de calidad.

Por otro lado, la productividad sirve para evaluar el rendimiento de los talleres, las
maquinas, los equipos de trabajo y los empleados. El rendimiento como uno de los atributos

de calidad, se define como “el grado al que un sistema de software cubre sus objetivos en
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tiempo” [78], se refiere a la proporcién entre el producto o el resultado obtenido y los

medios utilizados [72].

Cabe destacar que el rendimiento también se encuentra vinculado al concepto de
eficiencia o al de efectividad. Moody [58], respalda esta aseveracién al expresar que el

rendimiento puede ser mejorado de dos formas:

» Eficiencia: al reducir el esfuerzo necesario para completar la tarea.

» Efectividad: mejorando la calidad del resultado.
Satisfaccion del usuario

Por otro lado, un usuario se define como una persona que parte de su trabajo regular
es utilizar el sistema de informacién, método o herramienta producida [6]. Es aquella
persona para quien se construyen realmente las tecnologias o métodos, y no tiene por

qué ser necesariamente un profesional del software.

La satisfaccion del usuario, sin embargo, ha sido un tema controvertido, y se ha
conceptualizado como un resultado y como un proceso, como una respuesta tanto cognitiva
como emocional. Una definicién ampliamente aceptada es proporcionada por Oliver [64]
quien la define como “una respuesta o evaluacion post-consumo elicitada por factores tanto

afectivos como cognitivos”.
Intencién de adopcion

Uno de los objetivos fundamentales que tienen que ser resueltos en la IS es cémo
determinar si un método es exitoso o no. Moody [58] argumenta que (al menos) hay dos
dimensiones de “éxito” que tienen que ser consideradas para valorar los métodos de diseno
en la IS: la efectividad real -si el método mejora el rendimiento de la tarea- y adopcién
en la préactica -si el método es usado en la practica-. Es decir, un método que mejora el
rendimiento pero que no es usado, no tendra ningun efecto en las practicas. De forma
semejante, un método que las personas usan pero que reduce el rendimiento de la tarea

tendra un efecto en contra de las practicas.
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Existe un conjunto de modelos que establecen los factores determinantes de la acepta-
cién de las tecnologias por los usuarios. Entre ellos destacan: TAM [15], TAM2 [86], PCI
[59], TPB [3], y MPCU [81] por sus fundamentos tedricos. El principal propésito de estos

modelos es explicar el comportamiento de un individuo hacia el uso de la computadora.

Mas cercano a los objetivos de esta tesis, el Modelo de Evaluacién de Métodos (Method
FEvaluation Model) [58], establece cuatro principales dimensiones: rendimiento, percep-
cion, intencién y comportamiento. Este modelo tiene como principal objetivo valorar los
métodos que incluyen ambos aspectos de éxito (efectividad real y adopcién en la practica)
mencionados anteriormente. Tal marco teérico (basado en [15]) apunta que el rendimiento
de un desarrollador influye en su percepcion, y esta a su vez contribuye a su adopcion en

la préctica.

En [73], se lleva a cabo un estudio comparativo donde se analizan cuan bien estos
modelos predicen la intencién de usar un método en particular. En él se demuestra empiri-
camente cémo algunos conceptos (variables) de adopcién de tecnologias son igualmente
eficaces para pronosticar la adopcién de un método (p.e. utilidad, compatibilidad, nor-
ma subjetiva y voluntariedad), mientras que otros, dada las diferencias entre asumir un
método y una herramienta, pueden ser dejados de lado (p.e. control del comportamiento
percibido, etc.). Este estudio también desestima el impacto de la facilidad de uso sobre la
adopcién de un método. Esta desestimacién realmente es sorprendente, ya que la facilidad
de uso es uno de los componentes principales del modelo TAM [15] y esta altamente
correlacionado con la intencién de uso en otros conocidos modelos tedricos de adopcion de
tecnologias [21, 54, 58, 87].

1.4. Evaluacién Empirica

Los estudios empiricos tiene un papel fundamental en la ciencia moderna, pues ayudan

a comprender como y por qué trabajan las cosas, y permiten que se use este conocimiento

para cambiar el entorno de trabajo considerablemente. Son fttiles por tanto para conse-

guir informacién para tomar decisiones bien fundamentadas. Segin Perry et al. [66] “un
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estudio empirico es realmente sélo una prueba que compara lo que se cree con lo que se
observa”. Los mismos autores proponen que los estudios empiricos tengan los siguientes
componentes: contexto de investigacién, hipotesis, diseno experimental, amenazas para la
validez, analisis de los datos y su presentacién, asi como los resultados y conclusiones. Mu-
chos autores han escrito acerca de la importancia de proporcionar evidencia empirica en la
IS [17, 36]. Esta evidencia puede ser proporcionada en forma de encuestas, experimentos,
estudios de casos o andlisis post-mortem [89]. Concretamente en esta tesis se centra en la

obtencién de evidencias a partir de experimentos.

Un experimento se define como “una investigacién donde las posibles variables pertur-
badoras han sido aleatorizadas” [35, 51]. Es un procedimiento mediante el cual se trata de
comprobar (confirmar o verificar) una o varias hipétesis relacionadas con un determinado
fenémeno, mediante la manipulacion de las variables que presumiblemente son su causa.
La experimentacién (o evaluaciéon experimental) constituye uno de los elementos claves

del método cientifico y es fundamental para poder ofrecer explicaciones causales.

La evaluacion empirica de las actividades de productividad, mantenibilidad y satis-
faccion en metodologias MDE ha ido ganando impulso en los tltimos anos. Esta afirmacién
se apoya en el mapeo sistematico llevado a cabo en [44], que recoge la evidencia empirica
sobre la mejora de calidad del producto de software y productividad del proceso de desa-
rrollo, durante el periodo 2001 a 2010 (ver Seccién 1.2). Sin embargo, todavia existe muy
poca evidencia empirica que avale sus beneficios y limitaciones con respecto a las practicas

basadas en modelos (MBD) o centradas en el cédigo (code-centric).

El diseno de los experimentos que forman parte de esta tesis se basan en el cono-
cido framework de experimentacién sugerido por Wohlin [89], mientras que los andlisis
estadisticos se han realizado con el PASW Predictive Statistics Application v18 [62]. A
continuacion se resumen los principales experimentos realizados, sus preguntas de inves-
tigacién, hipdtesis a probar, limitaciones (amenazas de validez) y principales resultados

encontrados.
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1.4.1. Experimento de mantenibilidad: WebML vs PHP

El objetivo de este estudio empirico, siguiendo la plantilla Goal/ Question/ Metric
(GQM) [66], es analizar WebML [9] y PHP con el fin de evaluar el uso de MDE con-
tra las préacticas de mantenimiento centradas en el codigo, con respecto a su rendimiento
y satisfaccion desde el punto de vista de los desarrolladores noveles y los prospectivos
adoptadores. El contexto del estudio es de dos cursos avanzados de IS en el Politecnico
de Milano y la Universidad de Alicante, donde es ensenado un proceso de desarrollo Web
usando MDE con la metodologia WebML y un proceso de desarrollo code-centric con el
lenguaje PHP, respectivamente. Las preguntas de investigacion que apoyan el objetivo

SO1:

RQ1: ;Es el rendimiento de la mantenibilidad (eficiencia y efectividad real) de la metodolo-
gia WebML mayor que usando PHP como método de desarrollo tradicional centrado en
el codigo?

RQ2: ;Es la satisfaccion de realizar tareas de mantenibilidad (facilidad de uso y utilidad
percibidas) de la metodologia WebML mayor que usando PHP como método de desarrollo

tradicional centrado en el c6digo?
Planificacion del experimento

El experimento se aplica durante el segundo periodo del ano 2009-2010, seleccionando-
se por conveniencia a 32 estudiantes inscritos en el curso de “Tecnologias Web” en el Po-
litécnico de Milano (Italia) y a 12 estudiantes inscritos en el curso de “Programacién Web”
en la Universidad de Alicante (Espana), quienes tenian experiencia previa en el desarro-
llo con PHP. Los preparativos necesarios para el experimento y las tareas experimentales
quedaban al alcance de los cursos, pues entre sus objetivos se incluia ensenar a los estu-
diantes cémo mantener actualizadas aplicaciones en WebML y PHP, respectivamente. La
diseminacion geografica de los estudiantes hizo necesario realizar un diseno experimental

entre-sujetos (ver Tabla 1-1).
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Tabla 1-1: Diseno experimental.

‘ Grupo ‘ Aplicacion ‘ Metodologia ‘
Milano Concert MDE
Milano | Bookstore MDE
Alicante |  Concert code-centric
Alicante | Bookstore | code-centric

Para ambas partes del experimento se utilizaron dos muestras de aplicaciones Web
para evaluar las hipétesis: una aplicacién de concierto (Concert, adaptacién de un ejemplo
usado en [2]) y una aplicacién de libreria (Bookstore, adaptacién de un ejemplo usado
en [9]). Los sujetos dentro de cada grupo fueron asignados aleatoriamente a cualquiera de
estas aplicaciones. Para hacer los resultados obtenidos en Milano (con WebML) y Alicante
(con PHP) comparables, los instrumentos de los experimentos se elaboraron tan similares
como fue possible en relacién al disenio y al contenido de la informacion. El tiempo limite
de realizacién del experimento fue de dos horas -verificado a través de una prueba piloto-

y ademas, se controlé que no existiera interacciéon alguna entre los participantes.

La variable o factor independiente (VI), manipulada experimentalmente de este estu-
dio es la metodologia utilizada para realizar las tareas de mantenibilidad: MDE (metodolo-
gia WebML) o code-centric (tareas que se realizan directamente en el cédigo PHP). Por lo
tanto, en el experimento se definen dos tratamientos: las tareas de mantenibilidad sobre los
modelos WebML y las tareas de mantenibilidad sobre el codigo PHP. Los datos recogidos

experimentalmente permiten comparar los efectos de ambos tratamientos.

El modelo tedrico que subyace a la definicién de las Variables de Dependientes (VD)
y la formulacién de las hip6tesis de este experimento, constituye una adaptacion de [58]
y presentado en [43]. Segtin este modelo, el rendimiento real de los desarrolladores influye
en su satisfaccion, y esto a su vez contribuye a su intencién de utilizar el método vy,

eventualmente, a su uso real.

Como VD para comparar los tratamiento, se definen dos tipos: basadas en el rendi-
miento (precisién, exhaustividad -més conocida por recall- y tiempo) y relacionadas con

la satisfaccion (complejidad, certeza de los resultados y estabilidad percibida de las tareas
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correctivas y perfectivas). Ademds, en el post-cuestionario de este experimento se miden la
satisfaccion global (S) como la media de 11 pares de adjetivos que presentan un alto grado
de fiabilidad (a = 0,861) y el aprendizaje (PL). Todas estas medidas han sido usadas para

probar las siguientes hipdtesis:

HAA (Analizabilidad real): AA(MDD)>AA(code-centric), analizar la mantenibilidad
sobre modelos WebML permite un mejor rendimiento que analizarla directamente sobre
el cédigo PHP.

HACC (Cambiabilidad correctiva real): ACC(MDD)>ACC(code-centric), corregir los
errores sobre modelos WebML permite un mejor rendimiento que corregirlos directamente
sobre el cédigo PHP.

HAPC (Cambiabilidad perfectiva real): APC(MDD)>APC(code-centric), mejorar una
aplicacion Web sobre modelos WebML permite un mejor rendimiento que mejorarla
directamente sobre el codigo PHP.

HPA (Analizabilidad percibida): PA(MDD)>PA(code-centric), los sujetos sienten que
encontrar los errores sobre modelos WebML es menos complicado que encontrar los
errores sobre el codigo PHP. Asimismo, se sienten mas seguros de sus resultados.
HPCC (Cambiabilidad correctiva percibida): PCC(MDD)>PCC(code-centric), los su-
jetos sienten que corregir los errores sobre modelos WebML es menos complicado y mas
estable que hacerlo directamente sobre el codigo PHP; también se sienten maés seguros
sobre los resultados.

HPPC (Cambiabilidad perfectiva percibida): PPC(MDD)>PPC(code-centric), los suje-
tos sienten que realizar las mejoras sobre modelos WebML es menos complicado y maés
estable que hacerlo directamente sobre el codigo PHP; también se sienten mas seguros
sobre los resultados.

HS (Satisfaccién): S(MDD)>S(code-centric), en términos generales, los sujetos se sienten
mas satisfechos cuando realizan las tareas de mantenibilidad con WebML que con PHP.
HPL (Aprendizaje): PL(MDD)<PL(code-centric), en términos generales, los sujetos

creen que PHP es mas facil de aprender que WebML.
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Analisis de los datos e interpretacion de los resultados

Por el bien de la confiabilidad de los resultados del analisis estadistico y debido al
bajo ntimero de sujetos en el grupo que realizaron las tareas de mantenibilidad en PHP,
se aplica la prueba no paramétrica U de Mann Whitney, que no hace suposicion acerca
de la normalidad de la distribucion de los datos. Todos los andlisis fueron llevados a cabo
en el PASW Statistics Application v18 [62]. Es importante notar que no todas las tareas
fueron realizadas por todos los sujetos, razon por la cual los procedimientos de pruebas de
las diferentes hipotesis pueden presentar diferentes grados de libertad. En el Anexo B se
aprecian los resultados de la estadistica descriptiva -medias y desviacién estdndar (DS)-

de cada una de las variables analizadas.

Para darle respuesta a la RQ1: Rendimziento real, se evaltian las siguientes hipotesis
HAA, HACC, HACP, relacionadas con al precisién, exhaustividad y el tiempo para realizar

las tareas de analizabilidad y cambiabilidad correctivas y perfectivas.

El resultado de la prueba de hipotesis HAA muestra que ambos grupos difieren
significativamente en la precisiéon (U(41) = 80,5;Z = 3,011;p = 0,003) y el tiempo
(U(41) = 345,5;Z = 4,609;p < 0,001), y en ambos casos el grupo de WebML obtuvo
un mejor rendimiento que el grupo de PHP. Sin embargo, la exhaustividad de la analiza-
bilidad no era significativamente diferente (U(41) = 170; Z = 0,286; p = 0,775). En otras
palabras, llevar a cabo tareas de analizabilidad sobre WebML parece acelerar la identifica-
cion de los errores, y evita clasificar mal una caracteristica como un error en la aplicacion.

No obstante, no parece ayudar significativamente para detectar los errores en la aplicacion.

Relacionado con HACC, el resultado revela que, otra vez, ambos grupos difieren
significativamente en la precision (U(40) = 104; Z = 2,163;p = 0,031) y en el tiempo
(U(39) = 252; Z = 2,484; p = 0,013), donde el grupo de WebML mostr6 mejor rendimiento
que el grupo PHP para ambos casos. La exhaustividad de la cambiabilidad correctiva (es
decir el nimero de los errores realmente corregidos del nimero total de los errores) no

era significativamente diferente (U(40) = 132; Z = 1,31;p = 0,19). Es decir, llevar a cabo
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las tareas de cambiabilidad correctivas con WebML parecen acelerar la correccion de los
errores, y evita proponer las rectificaciones que no corrigen nada en realidad. Sin embargo,

no parecen ayudar significativamente para corregir los errores reales en la aplicacion.

Por otro lado, los resultados de la prueba de hipétesis HAPC indican que, la precisién
del grupo WebML es ligeramente mas alta que la del grupo PHP (U(40) = 137.,5;Z =
—1,22;p = 0,222), aunque no significativamente. De forma semejante se comporta la
exhaustividad (U(40) = 165; Z = —0,283; p = 0,777), no siendo significativas las diferen-
cias entre las medias de los dos grupos al realizar las tareas de cambiabilidad perfectivas.
Sin embargo, otra vez, los sujetos fueron significativamente més rapidos (U(40) = 336; Z =

4,647;p < 0,001) cuando realizan mejoras con WebML que con PHP.

En la RQ2: Satisfaccion de los tratamiento, se prueban las siguientes hipdtesis
HPA, HPCC, HPPC, HS y HP; relacionadas con la complejidad, certeza y estabilidad
percibida por los sujetos cuando realizan las tareas de analizabilidad y cambiabilidad

correctivas y perfectivas.

Respecto a HPA| el resultado de la prueba muestra que ambos grupos difieren signi-
ficativamente en la valoracién de la complejidad percibida (U(37) = 84; Z = —2,195;p =
0,028), pero no de la certeza percibida (U(37) = 92;Z = —1,871;p = 0,061) de los re-
sultados. Los sujetos estiman el trabajo sobre modelos como mads simple que trabajando
directamente sobre cddigo, pero ellos se sienten igualmente sequros/insequros de los erro-

res detectados.

Los resultados de la prueba de hipotesis HPCC revela que los usuarios perciben los
cambios correctivos cuando usaban PHP ligeramente menos complicados que cuando uti-
lizan WebML (U(36) = 140,7Z = —0,179,p = 0,858), aunque esta diferencia no era
significativa. También, los usuarios se sentian ligeramente mas seguros sobre sus cam-
bios en WebML (U(36) = 125;Z = —0,355;p = 0,723). Por dltimo, aunque no por
ello menos importante, debido a que en este caso los usuarios estaban cambiando real-

mente la aplicaciéon, se pregunta por la estabilidad percibida. Los usuarios sentian que
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la estabilidad del sistema era significativamente mejor conservada cuando usaban PHP
(U(36) =224, Z = 3,152, p = 0,002). O sea, los usuarios parecen sentirse mds sequros so-
bre los cambios realizados con WebML, pero parecen sentirse mas “control” de los cambios

cuando trabajan directamente en el codigo PHP.

Sin embargo, los resultados de HPPC indican que WebML fue considerado ligeramente
mas simple para realizar los cambios perfectivos que PHP, aunque la prueba estadistica
no era significativa (U(37) = 105;Z = —1,55;p = 0,121). Por lo contrario, los sujetos
que usaban PHP se sentian ligeramente mas confiados sobre la correccién de los cambios
realizados, aunque, otra vez, la diferencia no era significantivas con respecto al grupo de
WebML (U(37) = 187,5; Z = 1,31;p = 0,19). Respecto a la estabilidad, ambos grupos
mostraron niveles similares de confianza sobre la estabilidad de la solucién (U(36) =

136,5; Z = 0,053; p = 0,958).

Respecto a HS, como se ha mencionado anteriormente, el cuestionario post-experimento
incluia una balanza de la satisfaccion, que permite comparar los indices de satisfaccion
de ambos tratamientos con una prueba T (7-test). Los resultados muestran un efecto no
significativo de la metodologia (¢(38) = —0,208; p = 0,836). En resumen, las evaluaciones
eran medianamente positivas para ambas metodologias, con una diferencia media de 0,06

favoreciendo ligeramente el grupo de PHP.

Por tltimo se evaliia HPL, el indice de la satisfaccién global (S) esta altamente corre-
lacionado a la medida del aprendizaje (PL) de la metodologia (r = 0,663;p < 0,001). Esto

indica que mientras mds facil la metodologia fue percibida, mejor fue valorada.
Amenazas para la validez

Una cuestién fundamental concerniente a los resultados de un experimento es cuan
validos son estos resultados. En general una validez adecuada se refiere a que los resultados
son validos para la poblacién de interés. En [14] se delimitan cuatro tipos de amenazas de
validez de los estudios empiricos: interna, externa, de constructo y de conclusion. En cada

estudio empirico realizado se han tenido en cuenta estas amenazas, que permiten valorar
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las condiciones en las que son aplicables los experimentos, los beneficios que ofrece y bajo

qué circunstancias podrian fallar.

Las amenazas para la validez de conclusién, se refieren a la relacién entre los trata-

mientos y las salidas. En este experimento se utilizan las lineas de cédigo para controlar
el tamano de la aplicacion, medida que es preferida sobre los puntos de funciéon debido
a la alta confiabilidad [89]. Adicionalmente, las pruebas estadisticas han sido escogidas
conservadoramente, sin hacer ningin tipo de suposicion en las distribuciones de las varia-
bles. Sin embargo, teniendo en cuenta el limitado tiempo que los estudiantes tenian para
realizar el cuestionario del experimento, es posible que los sujetos hayan sentido algiin tipo
de presion que pueda afectar a los datos. No obstante, debido a que ambos grupos sufrian
de las mismas limitaciones de tiempo, se puede suponer que tal efecto, si se presenta, ha

afectado todos los niveles del tratamiento equitativamente.

Las amenazas para la validez interna, concernientes con la posibilidad de que existan

factores escondidos que puedan comprometer la conclusién que es efectivamente el trata-
miento el que causa las divergencias en el resultado. El hecho que los estudiantes perte-
necian a diferentes paises podia predisponer los resultados. Este efecto de falta de aleatorie-
dad de los sujetos asignados a los tratamientos es limitado, garantizando que la edad media
para el grupo de estudiantes de WebML (M = 22,47) no fuera significativamente diferente
de la edad de media para el grupo de estudiantes de PHP (M = 23,17). También se garan-
tiza, que los sujetos habian sido inscritos en un ntimero similar de cursos relacionados sobre
los temas de modelado/programacion, y habian desarrollado un ntimero similar de aplica-
ciones Web (M (WebM L) = 3,93; M(PHP) = 4,25;t(27) = —0,183; p = 0,18). Solamente
la experiencia con los métodos no pudo ser controlada (M (WebML) = 7,27, M(PHP) =
69,27); esta diferencia puede ser explicada por la estructura de las carreras en las univer-

sidades, que se concentran mas en programacion que en las destreza de modelado.

Por otro lado, para tratar de disminuir el efecto de diferentes facilitadores se realiza
el experimento en las dos ubicaciones, teniendo en cuenta las instrucciones que evitaron

las diferencias no intencionadas en las condiciones del experimento. Otra amenaza para
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la validez interna de este estudio estd relacionada con los instrumentos. Debido a que
las medidas de precisién y exhaustividad tuvieron que ser manualmente computadas por
diferentes evaluadores (cada uno por un experto en WebML y PHP respectivamente),
existe el riesgo de que los criterios fueran aplicados de manera diferente a cada grupo.
Este riesgo se ha tratado de evitar definiendo una taxonomia clara de los errores que

fueron acordados antes de la evaluacion.

Las amenazas para la validez del constructo, se refieren a la relacién entre la teoria

y la observacion. En este sentido, tanto los tratamientos como las medidas utilizadas pa-
ra valorar la mantenibilidad han sido ampliamente usados en la literatura. No obstante,
todavia se pueden correr algunos riesgos. Primero, se han usado aplicaciones de tamano
similar, que pertenecen al mismo dominio (prejuicio de una sola medida u observacion).
Por lo tanto no se pueden generalizar los resultados a aplicaciones de tamanos o domi-
nios diferentes. Segundo, se ha observado un resultado positivo entre la mantenibilidad y
WebML, pero no se puede garantizar que usar WebML no entorpece otras caracteristicas

de calidad (generalizabilidad restringida).

Por 1ltimo, las amenazas para la validez externa, estan relacionadas con la generali-

zabilidad de los resultados. En este caso, el hecho de que se han usado estudiantes univer-
sitarios, es decir, sujetos sin experiencia en la industria de desarrollo, asi como tanto las
metodologias especificas y los lenguajes usados, constituyen un ambiente limitado; riesgo
inevitable para este tipo de experimentos, en los cuales los sujetos tienen que usar un
enfoque predeterminado para llevar a cabo las tareas. La mas facil manera de minimizar
esta amenaza es a través de la reproduccion del experimento con lenguajes y enfoques

MDE diferentes.
1.4.2. Experimento de productividad y satisfaccion

Durante los meses de enero y febrero 2011, un experimento fue dirigido y realizado en

la Universidad de Alicante. A raiz de la plantilla GQM [66], el estudio empirico tiene como
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objetivo analizar .NET (sobre la base de C# con Visual Studio .NET 2010), UML (sopor-
tado por la herramienta RSM - Rational Software Modeler-, para comprender los objetivos
del sistema, pero sin generacién de cédigo) y OOH4RIA (con la herramienta OOH4RIA
IDE) con el propdsito de evaluar los enfoques centrados en el cédigo (code-centric), basa-
do en modelo (MBD) y dirigido por modelos (MDE) con respecto a su productividad y
satisfaccion desde el punto de vista de desarrolladores de software noveles. El contexto del
estudio es un grupo de estudiantes de maestria que desarrollan la logica de negocio de una
aplicacion Web 2.0. Las preguntas de investigacion que permiten respaldar el objetivo de

esta experimentacién son:

RQ1: ;Es la productividad del equipo significativamente diferente entre los métodos, sin
considerar el médulo de la aplicacion que estan desarrollando?
RQ2: ;Es la satisfaccién de los desarrolladores significativamente diferente entre los méto-

dos, sin considerar el médulo de la aplicacién que estan desarrollando?
Planificacion del experimento

Para responder a las preguntas de investigacion, se definen las siguientes VI: Meth
(método, variable categérica con tres niveles: code-centric, MBD, MDE) y Mod (mdédulo,
una variable categorica con tres valores posibles: Grupos, Eventos y Organizacién de una
aplicacién Web 2.0). Las VD son: la productividad del equipo con cada método y médulo
-P(Meth, Mod)- y la satisfaccién de los desarrolladores -S(Meth, Mod)-. Las medidas han

sido usadas para probar las siguientes hipotesis:

= HP (Productividad): P(MDD)>P(MBD)>P(code-centric), los equipos desarrolladores
son significativamente mds productivos con el método MDE (OOH4RIA), seguido del
método MBD (UML), seguido del code-centric (NET).

= HS (Satisfaccién): S(MDD)>S(MBD)>S(code-centric), los desarrolladores estan signifi-
cativamente mas satisfechos con el método MDE (OOH4RIA), seguido del método MBD
(UML), seguido del code-centric (.NET).
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El experimento se realiza con 30 individuos divididos en seis grupos que desarrollan
tres mddulos especificos de una red social (dominio de la aplicacion Web 2.0), cada uno
aplicando diferentes métodos. Los datos que correspondian al equipo 6 tuvieron que ser
retirados debido a que algunos de sus componentes abandonaron la maestria por razones
de trabajo poco después de que el experimento habia empezado. Por lo tanto, la muestra

final es de 26 sujetos. En la Tabla 1-2 se refleja el diseno experimental.

Tabla 1-2: Diseno experimental: factorial e intra-sujetos.

‘ Equipo-Modulo ‘ Aplicacion ‘ Grupo ‘ Eventos ‘ Organizacion ‘
1 Trips code-centric MBD MDE
2 Events code-centric MDE MBD
3 Hospital MBD MDE code-centric
4 Academics MDE MBD code-centric
5 Facework MBD code-centric MDE
6* Automobile MDE code-centric MBD
(El grupo marcado con * no terminé el experimento)

Analisis de los datos e interpretacion de los resultados

Para el analisis estadistico, se aplica el 3 x 5 Mixed Design ANOVA -dado el alto
grado de robustez del ANOVA para violaciones en algunas de sus asunciones [61]- para
un diseno factorial, en los cuales el médulo (Grupos, Eventos y Organizacion) se considera
como variables entre-sujetos, y la P y S calculada por cada método se considera la variable
intra-sujeto (indistintamente). Los resultados de la estadistica descriptiva -medias y DS-

aparecen en Tabla 1-3.

Tabla 1-3: Estadistica descriptiva de las variables S y P

Variables | code-centric MBD MDE

Media [ DS | Media | DS | Media | DS
HP 0,80 0,29 2,30 | 1,10 | 4,60 | 1,17
HS 4,17 0,72 3,48 1096 | 4,76 | 0,73

Los resultados del andlisis estadistico indican que en ninguna de las hipotesis probadas
se detecta que la interaccion entre Mod*Meth es significativa, pasando a probar cada
variable (Mod y Meth) independientemente, sin tener que matizar los resultados por la

existencia de una interaccion significativa.
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Para darle respuesta a la primera pregunta de investigacion (RQ1: Impacto del
método sobre la productividad del equipo), y en aras de garantizar que aplicar
este método estadistico tiene sentido, primero se verifica que no se viole el principio de
esfericidad aplicando la prueba W de Mauchly (W = 0,005;p > 0,05) [47]. Los resultados
muestran que OOH4RIA produjo una productividad maés alta, seguida de UML y luego
NET (ver Tabla 1-3), y que estas diferencias son significativas (F' = 25,395;p = 0,001).
En cambio, el efecto principal del médulo no fue significativo (F' = 0,538;p > 0,05). Es
decir, las diferencias en P estan significativamente afectadas por el método usado, sin

considerar el modulo especial desarrollado.

En cuanto a la RQ2: Impacto del método sobre la satisfaccion del desarro-
llador, de nuevo la prueba W de Mauchly (W = 0,838;p = 0,142) [47] garantiza la no
violacién del principio de esfericidad. Luego, los resultados revelan diferencias significa-
tivas (F = 18,04;p < 0,01) donde OOH4RIA produjo los resultados més altos, seguidos
del desarrollo .NET y por ultimo UML. Por otro lado, se puede observar que la influen-
cia de Mod, nuevamente, no fue significativa (F' = 0,167;p > 0,05). Las diferencias en S
estan significativamente afectadas por el método usado, sin considerar el modulo especial

desarrollado.
Amenazas para la validez

El analisis de las amenazas para la validez valora bajo qué condiciones es aplicable
y brinda beneficios el experimento, y bajo qué circunstancias podria fallar. Las amenazas

descritas a continuacion siguen las pautas marcadas en [14] y descritas en la Seccién 1.4.1.

Amenazas a la validez de conclusion, en este sentido se ha intentado capturar la ma-

yor cantidad de medidas como fue posible automaticamente, con la ayuda de sistemas de
rastreos (seguimiento) conocidos como JIRA o SVN. Adicionalmente los test estadisticos
han sido seleccionados conservadoramente, sin hacer ningiin tipo de suposicién sobre la

distribucion de las variables. Sin embargo, el hecho de que los estudiantes reportaron sus
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propias medidas, junto con la duracién del experimento (seis semanas) y el bajo nimero

de sujetos, limitan la validez de las conclusiones.

Para minimizar las amenazas a la validez interna, todos los grupos aplicaron todos los

tratamientos a modulos diferentes en distintos momentos, lo que reduce muchas amenazas
internas como la seleccion, la historia, la maduracién o amenazas sociales como la rivalidad
compensatoria o la desmoralizacion resentida. Sin embargo, siendo un diseno intra-sujetos,

otros efectos podrian haber ocurrido.

Relacionadas con las amenazas a la validez del constructo, los tratamientos y las me-

didas para valorar la productividad y la satisfaccién han sido ampliamente usadas en la
literatura. No obstante, queda la posibilidad de una interaccién de la prueba y los tra-
tamientos, es decir, la necesidad de que los propios estudiantes informaran sobre ciertas
medidas podrian haber cambiado su comportamiento. Por otro lado, el hecho de que el
experimento tomé més de seis semanas minimiza este riesgo, ya que es muy dificil man-
tener un comportamiento “potencialmente anormal” durante un largo periodo de tiempo
sin ser detectado. También, las hipdtesis del experimento (es decir, mayor productividad
y satisfaccién en ambientes MDE) eran muy féciles de adivinar, asi que los estudiantes
podrian haberse sentido influenciados a reportar menos tiempo cuando usan MBD o MDE.
De todos modos, los observadores del experimento tuvieron especial cuidado para no re-
velar estas hipdtesis a los estudiantes. Adicionalmente, el experimento se ve afectado por
una generalizabilidad restringida entre los conceptos: se ha verificado un resultado positivo
entre la productividad y MDE, pero no se puede garantizar que no se vea afectado por
otras caracteristicas del software desarrollado, como la modularidad, la reuzabilidad, o

cualquier otro atributo de calidad.

Por tltimo, se han identificado un conjunto de amenazas para la validez externa co-

mo: falta de representatividad de la muestra (estudiantes de maestria), ambiente académi-
co, una arquitectura estricta y un dominio y complejidad restringida. También, debido
al acoplamiento existente entre el método y la herramienta, todos los métodos fueron

acompanados por herramientas especificas. Aunque se traté de seleccionar ambientes de
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desarrollo ampliamente conocidos y -cuando fue posible- usar estandares (p.e. UML para
la actividad de modelado en MBD), el uso de las diferentes herramientas anaden un “sa-
bor especial” a los métodos. Por lo tanto, este experimento tiene que ser reproducido para

asegurar que es el método usado y no la herramienta la causa de las diferencias observadas.
1.4.3. Experimento de satisfaccion e intenciéon de adopcién

Durante los meses de enero y febrero de 2011, un experimento controlado se lleva a ca-
bo en la Universidad de Alicante con el objetivo de valorar las intencion de adopcion, desde
el punto de vista de desarrolladores de software noveles usando tres enfoques diferentes:
code-centric (sobre la base de C# con Visual Studio .NET 2010), MBD (basado en UML
y soportado por la herramienta RSM, para comprender los objetivos del sistema, pero sin
generacién de cédigo) y MDE (utilizando OOH4RIA [48] y su herramienta OOH4RIA
IDE [49]). El contexto de estudio son un grupo de estudiantes de maestria que desarrollan
la légica de negocio de una aplicacion Web 2.0. La eleccién de herramientas especificas
para cada método disminuye la generalizabilidad de los resultados, pero tal seleccién es
necesaria para reproducir un ambiente real en el que cada método es usualmente aplicado
e incrementar la validez de constructo del experimento. Las preguntas de investigacion

para dirigir este estudio son las siguientes:

RQ1: ;La utilidad del método, percibida por el desarrollador, es significativamente dife-
rente entre los métodos, sin considerar la aplicacién desarrollada?

RQ2: ;La facilidad de uso del método, percibida por el desarrollador, es significativamente
diferente entre los métodos, sin considerar la aplicacion especial desarrollada?

RQ3: La compatibilidad con el método, percibida por el desarrollador, es significativa-
mente diferente entre los métodos?

RQ4: ; Estan las medidas utilidad percibida, facilidad de uso percibida y la compatibilidad
correlacionadas?

RQ5: ;Las intenciones de adopcién de tecnologia de los desarrolladores son diferentes
significativamente entre los tres enfoques (code-centric, MBD y MDE), sin considerar la

aplicacion particular desarrollada?
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RQ6: ;Cuales son las principales ventajas/desventajas percibidas de cada enfoque?

Estas preguntas de investigacion tienen como precedente las dimensiones o compo-
nentes principales del Modelo de Evaluacién de Métodos [58] y ademds, permite refinar
el modelo TAM [15] a partir de la experiencia ganada en el estudio comparativo de los
modelos de adopcién de tecnologias [73]. Las variables conceptuales que conforman la di-
mensién percepcion incluyen: Utilidad percibida (PU), Facilidad de uso percibida (PEU),
Compatibilidad percibida (PC), Norma subjetiva (SN) y Voluntariedad (V). Estas varia-
bles guardan una influencia directa con la intencién de adoptar un método de desarrollo
determinado. El experimento limita su estudio a las tres primeras variables conceptua-
les. Las medidas asociadas a estas variables han sido agrupadas en escalas, calculando

estadisticamente su fiabilidad y correlacion:

= Para la escala PU, todos los items indican una correlacién mayor que 0,3 y el alpha de
Cronbach global es de 0,817; demostrando suficiente consistencia interna de los datos.

= Para la escala PEU, todos los items indican una correlacion mas alta que 0,3 y un alpha
de Cronbach global de 0,896.

= Para la escala PC, se encontraron muy bajos niveles de correlacién (aunque significativos)
entre la percepcién del desarrollador de la rareza de un método y su nivel de experiencia
reportado con ese método. En este sentido, se opta por depender tinicamente del nivel
de la experiencia informada para medir PC en los analisis siguientes. Esta decision es
tomada, desde un punto de vista personal, pues la experiencia previa refleja la definicién

de la compatibilidad dada en el modelo tedrico propuesto en [45] més evidentemente.
Planificacion del experimento

Para responder a las preguntas de investigacién, se definen las siguientes VI manipu-
ladas experimentalmente: Meth (método, variable categérica con tres niveles: code-centric,
MBD, MDE) y Aplicacién -dominio de aplicacién-, una variable categérica con cinco valo-
res posibles: Viajes, Hospitales, Eventos, Académico, Facework. Las VD definidas son: PU

(utilidad percibida de cada método), PEU (facilidad de uso percibida de cada método),
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PC (compatibilidad de cada método) e IA (intencién de asumir un método en particular).

Estas medidas han sido usadas para probar las siguientes hipdtesis:

= HPU (Utilidad percibida): PU(MDE) > PU(MBD) > PU(code-centric). La utilidad
percibida de los métodos difiere significativamente. Este hecho reside, sin considerar la
aplicacion real que estan desarrollando.

» HPEU (Facilidad de uso percibida): PEU(MDE) < PEU(MBD) < PEU(code-centric).
La facilidad de uso percibida de los métodos difiere significativamente. Este hecho reside,
sin considerar la aplicacion real que estan desarrollando.

» HPC (Compatibilidad percibida): PC(MDE) < PC(MBD) < PC(code-centric). La com-
patibilidad percibida de los métodos difiere significativamente. Este hecho reside, sin

considerar la aplicacion real que estan desarrollando.

Por ultimo, la IA se mide indirectamente, pues luego de terminado el experimento se
le pide al equipo que seleccione el método preferido para continuar el resto de los médulos

del proyecto asignado.
Analisis de los datos e interpretacion de los resultados

El experimento se realiza a través de un diseno factorial intra-sujetos, con 26 estu-
diantes divididos en cinco grupos, donde cada grupo desarrolla una red social para los
cinco diferentes dominios que permanecieron en el diseno factorial del experimento de

productividad (ver Tabla 1-2, Seccién 1.4.2).

Respecto al nivel de experiencia de los sujetos con las diferentes tecnologias y métodos
usados durante el experimento, el cuestionario muestra que el 81 % tenfan conocimientos
de UML, mientras que el 12% consideraban que tenfan un alto nivel. Ademas, el 76 %
de los sujetos habian programado con Visual Studio (VS) y tecnologia .NET durante
sus cursos de pregrado, aunque solamente 12 % lo habfan aplicado con anterioridad en
la industria. Definitivamente, los sujetos no reconocieron tener conocimientos practicos

previos de MDE, aunque el 56 % de ellos eran conscientes de la existencia del paradigma.
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Nuevamente, teniendo en cuenta el diseno experimental planificado, se aplica el 3% 5
Mizxed Design ANOVA para probar HPU y HPEU, mientras que para HPC se deja de lado
el factor inter-sujeto y se aplica un One-Way RM ANOVA, teniendo en cuenta que todas
las aplicaciones tienen los mismos requisitos funcionales y pertenecen al mismo dominio, la
compatibilidad del método no depende de la aplicacién desarrollada, por lo que se precisa
una transformacion sobre una escala de 3-puntos (1 = bajo, 2 = medio, 3 = alto). En la

Tabla 1-4 se ilustran los resultados de la estadistica descriptiva (medias y DS).

Tabla 1-4: Estadistica descriptiva de las variables

Variables | code-centric MBD MDE

Media | DS | Media | DS Media | DS
HPU 4,541 | 0,973 | 3,48 | 1,19151 | 4,940 | 0,795
HPEU 3,98 | 0,757 | 3,545 0,927 4,87 10,832
HPC 2,0 0,40 2,12 0,326 1,54 | 0,508

Para darle respuesta a la RQ1: Utilidad percibida de los enfoques de desa-
rrollo, que esta directamente relacionada con la prueba de hipotesis de HPU, ante todo
se debe garantizar que la aplicacién de este método estadistico tiene sentido. Primero
se verifica la distribucién normal de las VD con el contraste de Levene (p > 0,05 para
todas las variables), que permite asumir la normalidad de la distribucién de los datos.
También se verifica la homogeneidad de covarianza entre los grupos con la prueba M de
Box (F = 1,137;p = 0,295) y por ultimo, se verifica que se cumpla la no violacién del
principio de esfericidad aplicando la prueba W de Mauchly (W = 0,909; p = 0,387). Como
todos estos supuestos muestran un parametro de significancia mayor que 0,05 permiten

continuar los analisis.

Los resultados muestran que OOH4RIA produjo el PU superior, seguido de .NET y
luego UML (ver Tabla 1-4) y ademds, se evidencia que la interaccion Meth*Aplicacién
no es significativa (F'(8,42) = 1,753; MSE = 1,311;p = 0,114); lo que permite analizar
los efectos principales de las dos VI (Aplicacién y Meth) sobre la base de las medias sin
peligro de necesitar la modificacién de los resultados por la existencia de una interac-

cién importante. El efecto principal de la aplicacién no consiguié significado (F'(4,21) =
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1,126; MSE = 1,459;p = 0,371), aunque por lo contrario, el efecto principal del método
resulté significativo (F'(2,42) = 19,411; MSE = 14,516;p < 0,001). O sea, las diferencias
en PU estan significativamente afectadas por el método usado, sin considerar la aplicacion

especial que estan desarrollando.

Teniendo en cuenta la trascendencia de la variable Meth, el iltimo paso del analisis
consiste en estudiar las diferencias por pares entre los métodos a través de una prueba
T (T-test). En un esfuerzo de no incrementar el riesgo de un error de tipo-I, un ajuste
de Bonferroni fue aplicado. Esto implica reducir el umbral de significado a 0,0167 (p =
0,05/3 = 0,0167). Con este ajuste, las diferencias de PU entre OOH4RIA y los enfoques
tanto .NET y UML son significativas, es decir, PU(MDE) es significativamente mejor
que PU(MBD) y que PU(code-centric); mientras que la diferencia de PU entre .NET y
OOH4RIA no lo son.

En la RQ2: Facilidad de uso percibida de los enfoques de desarrollo se prue-
ba la hipotesis de HPEU, con un procedimiento similar a HPU. Los resultados muestran
que los supuestos de normalidad (p > 0,05 para todas las variables), homogeneidad de cova-
rianza entre grupos (F = 0,768; p = 0,78) y principio de esfericidad (W = 0,877;p = 0,269)

fueron cumplidos.

Los resultados revelan que OOH4RIA produjo mejores valores de PEU, seguidos de
NET y luego UML (ver medias y SD en Tabla 1-4). Los resultados también muestran que
la iteraccién Meth*Aplicacién es significativa (F'(8,42) = 2,801; MSE = 1,436;p = 0,014);
esto quiere decir que los resultados varian de acuerdo con el dominio de aplicacion especial

para el que la red social estaba siendo desarrollada.

Otro hallazgo es que mientras que el efecto principal de la aplicacion no consiguié sig-
nificado (F'(4,21) = 1,033; MSE = 0,826; p = 0,414), el efecto principal del método si es
significativo (F'(2,42) = 24,704; MSE = 25,329;p < 0,001); las diferencias en PU estdn
significativamente afectadas por el método usado, sin considerar la aplicacion especial que

desarrollada. Este resultado, sin embargo, debe ser interpretado con precaucion, porque
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el efecto del método es diferente en cada uno de los dominios de la aplicacién. Ademas,
aunque la variable principal fue encontrada significativa, la existencia de una interaccion
entre Meth*App hace cualquier analisis adicional de las comparaciones por parejas des-

aconsejable.

La tercera pregunta de investigacion (RQ3: Compatibilidad percibida de los
enfoques de desarrollo) pone a prueba la hipdtesis de HC, aplicando como se dijo
anteriormente un One-Way RM ANOVA. Como premisa, se tiene que como todas las
aplicaciones tienen el mismo juego de requisitos funcionales y pertenecen al mismo dominio,

la compatibilidad del método no depende de la aplicacién especial a desarrollar.

Los desarrolladores evaluaron UML como el método mas compatible, seguido por
un ligero margen de NET vy, finalmente OOH4RIA (ver medias y SD en Tabla 1-4).
Esta compatibilidad es basada, exclusivamente, en la experiencia previa de los sujetos
con los métodos de desarrollo empleados. El chequeo de la esfericidad W de Mauchly
(W = 0471;p < 0,001) fue significativo, por lo que es necesario evaluar las diferen-
cias con una prueba mas conservadora: F de Greenhouse-Geisser. Los resultados mues-
tran que, efectivamente, el efecto principal del método es significativo (F'(1,308,32,706) =
15,492; MSE = 3,704;p < 0,001); es decir, las diferencias en PC estdn significativamen-
te afectadas por el método usado. Una continuacién del andlisis en parejas usando T-test
con un ajuste de Bonferroni muestra que OOH4RIA es percibido como significativamente
menos compatible que .NET y UML mientras que las diferencias entre .NET y UML no

son relevantes.

RQ4: Correlacion entre las variables conceptuales de la dimension Satis-
faccion. Como se ha mencionado anteriormente, ANOVA presenta a alto grado de robus-
tez para escalas nominales y ordinales [61]. Sin embargo, la robustez de las correlaciones
con respecto a las violaciones de la falta de normalidad de las distribuciones no es sencillo.
Por esta razon, para estudiar la correlacion entre las tres variables conceptuales del modelo
tedrico incluidas en este estudio, se lleva a cabo el andlisis no paramétrico de correlacién

de Spearman previa transformacion de todas las escalas, por razones de compatibilidad.
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Los resultados indican que PC esta correlacionado tanto con PEU como PU negati-
vamente, esto quiere decir que, en este experimento, los desarrolladores miraron el método
de desarrollo con el que estaban menos familiarizados como mds util y fdcil de usar. Estos
resultados son dificiles de explicar, y contradicen el modelo tedrico y precisan de inves-
tigacion adicional con una escala de medicion de PC mas compleja. Ademéas se puede
observar como PU y PEU estan fuertemente correlacionados: el método mds 1til es per-
cibido como el mds facil de usar (y viceversa). Debido a que las dos variables son VD en
este experimento, no se puede averiguar si hay causalidad, ni decir en qué direcciéon podria
estar. Investigacién mas especifica tiene que realizarse sobre estos aspectos de la teoria, y

preferiblemente, tener los conceptos mas elaborados que sean independiente entre si.

Por otro lado, los resultados a la RQ5: Intencion de adopcion del método
indican, que 20 de los 26 sujetos (para un 76,9 % de la muestra) decidieron usar el enfoque

OOHA4RIA para culminar sus proyectos.

Mientras que, para darle respuesta a la RQ6: Ventajas y desventajas percibidas
de los métodos, se utiliza una encuesta de opinion que permite comprender, aiin mas,

los resultados previos obtenidos. A continuacion se resumen las principales apreciaciones:
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s C# con Visual Studio .NET 2010 como enfoque tradicional code-centric:

e La desventaja principal de éste método es que requiere un esfuerzo de desarrollo
alto (20 sujetos dieron respuestas que entraron en esa categoria) y tiene una man-
tenibilidad muy baja (5 sujetos).

e Por el contrario se puede observar que el 50 % de los sujetos percibian el sentimien-
to del control cuando trabajaron con este enfoque como una ventaja importante,
mientras que nadie lo catalogdé como desventaja. Ademas, los sujetos informaron
que .NET posee una curva de aprendizaje muy baja (5), més alta personalizacién

(4) y compatibilidad cuando comparaban con su experiencia previa (3).

s UML con RSM para comprender los objetivos del sistema (pero sin generacién de cédigo)
como enfoque MBD:

e La principal desventaja informada de UML fue la falta de la confiabilidad percibida
(significativa con 12 respuestas), atribuibles a algunos errores notados en el proceso
de generaciéon del cédigo fuente por RSM.

e Las ventajas del método variaban enormemente, encontrandose entre las mas im-
portantes: esfuerzo de desarrollo reducido (10), mejor mantenibilidad (6) y una
curva de aprendizaje reducida (5). Sin embargo, estas ventajas no fueron aprecia-
das universalmente; esfuerzo de desarrollo y curva de aprendizaje, por ejemplo, eran
apuntados como las desventajas por 5 y 3 sujetos, respectivamente.

= OOH4RIA como paradigma MDE:

e Las desventajas principales informaron que los sujetos consideran que este método
tiene una alta curva de aprendizaje (6), una compatibilidad baja con su experiencia
previa (5), y falta de la confiabilidad (7), que pueden atribuirse a algunos defectos de
la herramienta electrénica integrada en dispositivo de OOH4RIA que aparecié du-
rante la fase de desarrollo.

e Por lo contrario la mayoria de los estudiantes (24 de 26) reconocieron un aumento

importante en la velocidad de desarrollo, y al mismo tiempo una reduccién sustancial
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en el esfuerzo con las tareas repetitivas. Ademads, la mantenibilidad es percibida

como una ventaja por 3 sujetos.
Amenazas para la validez

Siguiendo la clasificacién de las amenazas para la validez de los experimentos (propues-
tas en [14]), a continuacion se presentan los beneficios, asi como limitaciones y condiciones

en las que podria fallar el presente experimento.

Con el fin de reducir al minimo las amenazas a la validez de las conclusiones, todos

los analisis estadisticos han sido precedidos de pruebas que garanticen que las suposiciones
del procedimiento no fueran violados. El alfa ha sido ajustada siguiendo un enfoque mas
conservador (Bonferroni), que también aporta validez a la conclusién. El diseno intra-
sujetos contribuye a proteger los resultados contra la heterogeneidad de los sujetos, ya que
todos realizaron las tareas con los tres métodos. Sin embargo, el niimero de observaciones
por celda (5) era el minimo necesario para poder aplicar este tipo de andlisis. También,
dado la duracién de los tratamientos diferentes (cada sujeto trabajé en cada método
durante 2 semanas), impertinencias aleatorias en el escenario experimental podrian haber
afectado los datos. Se puede suponer, sin embargo, que tales impertinencias han afectado

a todos los niveles del tratamiento equitativamente.

Para incrementar la validez interna del diseno (amenaza a la validez interna), los suje-

tos recibieron suficiente entrenamiento en los tres métodos. Todos los tratamientos fueron
aplicados en un orden aleatorio (solamente un orden no fue cubierto en el experimento,
MDE -code-centric- MBD, debido a que un grupo dejara el curso poco después de co-
menzar el experimento). Por consiguiente no habia razén para la rivalidad compensatoria,
el igualamiento o la desmoralizacion. Todas las aplicaciones y médulos sobre los que los
sujetos trabajaron eran similares en complejidad. La falta de influencias de la aplicacién
especial sobre los resultados fue evaluada estadisticamente. Sin embargo, incluso cuando

se balancea el diseno aleatoriamente en sentido inverso, los sujetos todavia aplicaron los
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tres métodos de forma consecutiva; esto puede provocar efectos transferidos (p.e. los suje-
tos podrian beneficiarse en el transcurso del experimento de creciente familiaridad con el
escenario del experimento, los ambientes de desarrollo, etc.). O, sin embargo, puede haber
efectos de fatiga (p.e. a través de una pérdida del interés en el registro de los datos de expe-
rimento). Es posible que los usuarios imiten las practicas (copiar) del método previamente
usado (aprendizaje previo) cuando aplican el préximo método asignado. Para disminuir
tales riesgos, se supervisa todo el proceso, manteniendo la informacién suministrada por
los usuarios a un minimo. También el proceso de recogida de los datos fue automatizado,

para prevenir los errores de codificacion.

Para minimizar el impacto de las amenazas para la validez del constructo, durante el

experimento, tanto el modelo tedrico como las hipétesis fueron ocultadas cuidadosamente
de los sujetos. Ninguin énfasis especial fue puesto sobre los beneficios y prejuicios de nin-
guno de los métodos hasta que el experimento fue terminado y las opiniones recogidas. Los
métodos fueron aplicados junto con sus herramientas de respaldo, y las tecnologias usadas
para evaluar cada enfoque de desarrollo son ampliamente empleadas en la practica. Sin
embargo, segin criterio personal, no existe ningin instrumento estandarizado para medir
los componentes del modelo tedrico aplicado en este experimento. Aunque la confiabilidad
de las escalas ha sido verificada para aumentar este tipo de validez; no obstante el nimero
de articulos (items) de algunas de las escalas usadas deben ser incrementadas y validadas
a través de investigacion adicional para convertirlas en escalas més robustas. Particular-
mente, un estudio cuidadoso de todos los aspectos que pueden tener un rol importante en
la utilidad percibida, la facilidad de uso y la compatibilidad (p.e. la calidad percibida del
resultado del producto como parte de la escala utilidad percibida) deben realizarse para

apoyar la inclusién de nuevos items subjetivos a cada escala.

Para terminar, las amenazas para la validez externa que estan relacionadas con la

generalizacion de los resultados. El tipo de las aplicaciones usadas para el experimento,
lejos de ser un ejemplo hipotético, es una aplicacién real, definida en base a requisitos de

verdaderos cliente. Los sujetos son estudiantes post-graduados, muchos de los cuales estan
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trabajando como desarrolladores y por tanto constituyen verdaderos representantes de
desarrolladores noveles. Por otro lado, dado que la muestra es relativamente pequena (26
sujetos), y el hecho de que su seleccién no fue aleatoria, sino sobre la base de su participa-
cién en un estudio de master, este experimento todavia presenta falta de representatividad
de la muestra. Ademaés, el hecho de que se han utilizado aplicaciones de tamanos similares
y pertenecientes al mismo tipo (redes sociales), no se pueden generalizar los resultados a
aplicaciones de tipos y tamanos diferentes sin necesidad de realizar mas réplicas. Defini-
tivamente, con respecto a esta clase de amenaza, aunque las herramientas y metodologias
son ampliamente usadas entre los profesionales, no son las tinicas alternativas de seleccion.
El experimento tiene que ser reproducido para asegurarse de que el método usado y no la

herramienta, es la que efectivamente fuera la causa de las diferencias observadas.
1.4.4. Experimento de mantenibilidad: OOH4RIA vs .NET

En un esfuerzo de incrementar las pruebas empiricas respecto al impacto de los enfo-
ques MDE sobre la mantenibilidad, este trabajo presenta, siguiendo la misma plantilla de
investigacion que los experimentos anteriores (GQM [66] -Secciones 1.4.1, 1.4.2, 1.4.3-),
un quasi-experimento que tiene como objetivo analizar OOH4RIA [48] y .NET (sobre la
base de C# con Visual Studio NET 2010) con el propdsito de valorar las practicas de
mantenimiento MDE contra las practicas centradas en el cédigo, con respeto al rendimien-
to y satisfaccion sobre la logica de negocios de una aplicacién Web 2.0 desde el punto de
vista de desarrolladores noveles. El contexto del estudio son los estudiantes de post-grado
(maestria) en el desarrollo de software Web en la Universidad de Alicante, donde tanto
un proceso de desarrollo Web centrado en el cédigo (basado en lenguaje .NET) como un

proceso de desarrollo MDE (basado en la metodologia OOH4RIA) son ensenados.

Las preguntas de investigacion para dirigir este estudio han sido formuladas de la

siguiente manera:

RQ1: ;Cémo se comporta el rendimiento de las tareas de mantenibilidad (efectividad

y eficiencia real) de la metodologia OOH4RIA con respecto al rendimiento de realizar
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tareas de mantenibilidad utilizando la metodologia tradicional, centrado en el cédigo,
NET?

RQ2: ;Cémo se comporta la satisfaccién de los sujetos al realizar tareas de mantenibili-
dad (efectividad, eficiencia, complejidad, certeza y estabilidad percibidas y asi como la
satisfaccion en general) con la metodologia de OOH4RIA respecto a la satisfaccién de
realizar las tareas de mantenibilidad utilizando la metodologia tradicional, centrado en

el codigo, .NET?

La correlacion y fiabilidad de las escalas (aplicando el Alfa de Cronbach) han sido

estadisticamente calculadas:

= Para la escala PSatisf (una escala semantica diferencial compuesto por 11 articulos), todos
los items muestran una correlacién superior a 0,3 para el constructo general, mientras
que el global Alfa de Cronbach es de 0,89, dando prueba de una alta consistencia interna
entre los elementos de PSatisf. Por tanto, es significativo para calcular la media, con el
fin de utilizarlo como una clasificacién global de PSatisf.

s Para la escala PU (compuesto por tres elementos: PEffv, PCert y PStab, ver Figura
1-3), todos los items mostraron una correlacién superior a los 0,3 para el constructo
general, el Alfa de Cronbach se mantuvo bastante baja (o = 0,676), dando prueba de la
baja consistencia interna entre los elementos.

= Para la escala PEU (compuesto por cuatro elementos: PSatisf, PCompl, Plearn y PEffc,
ver Figura 1-3), el Alfa de Cronbach mostré un moderado grado de fiabilidad (o =
0,764), con todos los elementos que muestran una correlaciéon
-total superior a los 0,3. Esta coherencia interna también hace posible calcular un valor

global de PEU (PEU-Total) promediando los valores para los items.

= Las medidas subjetivas restantes constituyen escalas de un solo elemento.
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Planificacion del experimento

Teniendo en cuenta las preguntas de investigacion presentadas se definen las siguientes
VI: Meth (método, una variable categérica con dos niveles: MDE y code-centric) y App
(aplicacién, variable categdrica con dos valores posibles: Petstore y Mediaplayer). Se puede
caracterizar a Meth como un factor fijo (debido a que incluye los dos métodos a evaluar),
mientras que App puede ser concebido como un factor aleatorio (pues estas aplicaciones

son sélo dos ejemplos de la poblacién de las aplicaciones Web).

Mientras que las VD se definen en base al Modelo de Evaluacion de Métodos de
[58] el cual sienta sus bases en pruebas de campos relacionados [57] y, posteriormente
refinado en [45]. De acuerdo con este modelo (Modelo Teérico de Adopcién de Métodos), el
rendimiento se determina por las medidas (objetivas): Efectividad real (AEffv) y Eficiencia
real (AEffc). Por otro lado, la satisfaccion del desarrollador es determinada por la Utilidad
percibida (PU) -Efectividad percibida (PEffv), Certeza percibida de los resultados (PCert),
Estabilidad percibida (PStab)- y las Facilidad de uso percibida (PEU) -Eficiencia percibida
(PEffc), Complejidad percibida (PCompl), Aprendizaje percibida (PLearn) y Satisfaccion
percibida (PSatisf)- (ver Figura 1-3).
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Figura 1-3: Componentes del Modelo Teérico de Adopcién de Métodos, adaptado de [58].

En esta figura se representan las cuatro dimensiones del modelo -rendimiento, satis-

faccién, intencién y comportamiento-, las variables (nubes), las medidas (hexdgonos) y sus
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influencias (flechas). Las variables y medidas que se han utilizado para probar las hip6tesis
de este experimento se representan en colores y lineas sélidas, mientras que las partes de
este modelo que han sido excluidas de las pruebas experimentales se representan en colores
transparentes y lineas discontinuas. La Figura (1-3) también refleja la direccién del efecto:

positiva (some +) o negativa (some —).

Las variables definidas fueron medidas por separado para las tareas tanto correctivas

como perfectivas y se utilizan para evaluar las siguientes hipotesis:

» HAEffv (Efectividad real): AEffv(MDE) > AEffv(code-centric). La efectividad de rea-
lizar tareas de mantenibilidad sobre modelos OOH4RIA y ambiente de generacion es
mejor con respecto a la mantenibilidad sobre cédigo .NET.

» HAEffc (Eficiencia real): AEffc(MDE) > AEffc(code-centric). La eficiencia al realizar
tareas de mantenibilidad sobre modelos OOH4RIA y ambiente de generacion es mejor
con respecto a la mantenibilidad sobre cédigo .NET.

» HPEffc (Eficiencia percibida): PEffc(MDE) > PEffc(code-centric). Al realizar tareas de
mantenibilidad sobre modelos OOH4RIA y ambiente de generacién hacen a los desarro-
lladores sentirse mas eficaces respecto a realizar la mantenibilidad directamente sobre
codigo .NET.

» HPCompl (Complejidad percibida): PCompl(MDE) > PCompl(code-centric). Llevar a
cabo tareas de mantenibilidad con OOH4RIA es percibido por los sujetos como signifi-
cativamente mas complicado que realizar estas tareas con .NET.

» HPLearn (Aprendizaje percibida): PLearn(MDE) > PLearn(code-centric). Aprender a
realizar las tareas de mantenibilidad con OOH4RIA es percibido por los sujetos como
significativamente mas dificil que aprender a hacerlos directamente sobre cédigo .NET.

» HPSatisf (Satisfaccién percibida): PSatisf(MDE) > PSatisf( code-centric). Usando OOH-
4RIA para realizar las tareas de mantenibilidad es percibido por los sujetos como signi-

ficativamente més facil que realizarlos directamente sobre cédigo .NET.
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» HPEU (Facilidad de uso percibida): PEU(MDE) > PEU( code-centric). Usando OOH4RIA
para realizar las tareas de mantenibilidad es percibido por los sujetos como significativa-
mente més facil de usar que realizarlos directamente sobre codigo .NET.

» HPEffv (Efectividad percibida): PEffv(MDE) > PEftv(code-centric). Al realizar tare-
as de mantenibilidad sobre modelos OOH4RIA y ambiente de generacion hacen a los
desarrolladores sentirse mas efectivos respecto a realizar las tareas de mantenibilidad
directamente sobre cédigo .NET.

» HCert (Certeza percibida): PCert(MDE) > PCert(code-centric). Llevar a cabo tareas de
mantenibilidad con OOH4RIA hacen a los sujetos sentirse significativamente mas seguros
sobre los resultados, en comparacién al realizarlos sobre codigo .NET..

= HPStab (Estabilidad percibida): PStab(MDE) > PStab(code-centric). Realizar las ta-
reas de mantenibilidad con OOH4RIA hacen a los sujetos sentirse significativamente
més seguro sobre la estabilidad del resultado de las modificaciones realizadas (p.e. no
introducir nuevos errores) directamente sobre cédigo .NET.

» HPU (Utilidad percibida): PU(MDE) > PU(code-centric). Usando OOH4RIA para rea-
lizar las tareas de mantenibilidad es percibido por los sujetos como significativamente

mas tutil que realizarlos directamentesobre cédigo .NET.
Analisis de los datos e interpretacion de los resultados

Todos los analisis fueron realizados con el PASW (Predictive Analytics SoftWare)
v18 [62].
- Validacion del modelo teérico
Con el fin de chequear si la agrupacién de las variables (PEU y PU) de la dimensién
satisfaccion, sugeridas por el modelo teérico (ver Figura 1-3), satisface en realidad los datos

del experimento, se realiza un Andlisis de los Componentes Principales (PCA, Principal

Component Analysis) [33].

El primer paso en este tipo de analisis es determinar el niimero éptimo de componentes

perdiendo la menor cantidad de informacion posible, a partir del total de las siete medidas
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iniciales que forman la dimensién. La Figura 1-4 (a) revela dos componentes principales
-como se puede observar en la abrupta pendiente-, mientras que los componentes que

poseen la caida de la pendiente mas suave contribuyen poco a la solucion.

Por otro lado, la matriz de componentes rotados, permite determinar cuales variables
pertenecen a cada componente. El grafico de dispersién -Figura 1-4 (b)-, muestra como
las medidas asociadas a la variable PEU en el modelo teérico forman un grupo, mientras
que todas las medidas relacionadas con PU forman un segundo grupo, por lo que se puede

concluir que los datos se ajustan bien con las variables de agrupacién del Modelo Tedrico

de Adopcion de Métodos.
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Figura 1-4: Analisis de los Componentes Principales. Graficos.

El diagrama -Figura 1-4 (b)- también sugiere un andlisis adicional de PU-Stab y
PEU-Compl como las medidas més correlacionadas con los componentes extraidos PU y

PEU, respectivamente.
- Estadistica descriptiva

El experimento se realiza a través de un diseno factorial intra-sujetos (ver Tabla 1-5),
usando dos diferentes muestras de aplicaciones Web 2.0 para probar las hipdtesis: Tienda

de mascotas (Petstore, adaptacion de un ejemplo usado en [79]) y Reproductor de musica
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(Mediaplayer adaptacién de un ejemplo usado en [20, 23]). La muestra experimental es

de 27 estudiantes.

Tabla 1-5: Diseno experimental: factorial e intra-sujetos

‘ Sujetos ‘ Correcciones ‘ Mejoras ‘ Aplicacién ‘

S1-S6 OOH4RIA NET Petstore
S7-S13 NET OOH4RIA Petstore
S14-520 OOH4RIA NET Mediaplayer
S20-S27 NET OOH4RIA | Mediaplayer

Las caracteristicas de los sujetos que componen la muestra utilizada en este experi-
mento, son similares a los sujetos del experimento de satisfaccion e intencién de adopcion.
Aunque no en cantidad, al pertenecer al mismo grupo del master en el desarrollo de soft-
ware Web en la Universidad de Alicante, los niveles de conocimientos con respecto a las
diferentes tecnologias y métodos usados son similares a los descritos en la Secciéon 1.4.3,
donde: el 81 % conocian UML, el 76 % de los estudiantes habian programado con la tec-
nologia .NET durante sus cursos de grado, y a pesar de que ninguno tenia conocimientos
practicos previos de MDE, el 56 % de los sujetos eran consciente de la existencia del pa-
radigma. Adicionalmente, como parte del programa de la maestria, y antes de realizar el
experimento los sujetos reciben entrenamiento en los tres métodos: 30 horas en programa-
cién C# usando Visual Studio 2010 y 30 horas de entrenamiento en el modelado de UML

y la herramienta OOH4RIA.

Para probar las hipétesis, se aplica el test estadistico Two-Way ANOVA con (o =
0,05), que permite proveer informacién relevante de cémo interactian las variables, o su
combinacion, asi como el efecto que ellas tienen en las VD. En la Tabla 1-6 se aprecian

los resultados de la estadistica descriptiva (medias y DS) para cada una de las medidas.

Los resultados del analisis estadistico indican que ninguna de las hipdtesis probadas
detecta interaccion significativa entre Meth*App, permitiendo probar cada variable (Meth
y App) independientemente sin peligro de modificar los resultados por la existencia de una
interaccién importante. El hecho de que el niimero de observaciones por celda (combinacién

Meth*App) es tan igual como fuera posible contribuye a la robustez de estos anélisis.
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Tabla 1-6: Estadistica descriptiva del experimento de mantenibilidad OOH4RIA vs .NET

Variables NET OOH4RIA | Petstore | Mediaplayer
Mean | DS | Mean | DS | Mean | DS | Mean | DS

AEfty 3,33 | 1,11 422 | 0,89 | 3,92 | 1,02 | 3,64 1,16
AEftc 3,84 1207|1234 | 6,21 | 9,73 | 7,34 | 6,56 4,75

PU-PEffv | 3,74 | 0,91 | 4,23 | 0,87 | 421 | 1,03| 3,81 | 0,80
PU-PCert | 3,33 0,78 | 3,74 | 0,81 | 3,73 [ 0,72 | 3,36 | 0,87
PU-PStab | 3,26 | 0,76 | 3,07 | 1,0 | 3,46 | 0,58 | 2,89 | 1,03
PU-Total NA | NA| NA | NA| NA | NA| NA | NA
PEU-PEffc | 4,57 | 1,16 | 5,37 | 1,21 | 5,00 | 1,33 | 4,96 | 1,20
PEU-PLearn | 4,27 | 1,37 | 4,62 | 1,52 | 4,84 | 1,49 | 4,07 | 1,33
PEU-PCompl | 3,96 | 1,40 | 4,88 | 1,42 | 4,68 | 1,40 | 4,18 | 1,52
PEU-PSatisf | 4,63 | 0,96 | 4,56 | 0,94 | 4,69 |1,00| 4,51 | 0,88
PEU-Total | 4,35 | 0,88 | 4,83 | 1,05 | 4,77 | 1,10 | 443 | 0,86

(NA: No aplicable)

A continuacion se presentan los analisis de las diferentes hipotesis. Es importante
senalar que, como ANOVA presenta un alto grado de robustez para escalas nominales y
ordinales [61], el tratamiento de todas las escalas asociadas con las diferentes variables
subjetivas como medidas del intervalo para la refutacion de las hipotesis derivadas de las
preguntas de investigacion (RQ1 y RQ2), no plantea una amenaza importante para la
validez de las conclusiones del estudio. Esto también es coherente con la opinién general
de las escalas de Likert que se definen por medio de suficientes, simétricas y equidistantes
items tipo Likert (por lo general de 7 o 9-puntos) se aproxima a una medida de intervalo
de nivel. Por otra parte, el tratamiento de la escala como intervalo puede ser beneficioso,
porque de lo contrario alguna informacion valiosa (p.e. la “distancia” entre las opiniones)

podria perderse [61].
RQ1: Rendimiento de los métodos

Para poner a prueba HAEffv, primeramente se calcula el coeficiente de Levene, el re-
sultado (F'(3,50) = 0,919;p > 0,05) permite refutar la hipdtesis nula y asumir la homoge-
neidad de varianza y continuar con el anélisis de ANOVA. Como la interaccion Meth*App

no es significativa, se analizan los principales efectos de las variables independientemente.
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Para la variable Meth, la efectividad de los sujetos cuando usan OOH4RIA es significati-
vamente mas grande que la efectividad cuando utilizan .NET (F(1,50) = 729;p < 0,05).
Ademas, el tamano del efecto es muy alto, pues el parcial Eta cuadrado es de 0,999, lo
que significa que el factor Meth por si mismo representa el 99,9 % de la varianza gene-
ral (efecto + error). Los resultados también muestran que la efectividad de los sujetos es
ligeramente mas grande con Petstore que con Mediaplayer, sin embargo esta diferencia
no es importante (F'(1,50) = 72,25;p > 0,05). En resumen, las diferencias en la efecti-
vidad estdn significativamente afectadas por el método usado, independientemente de la

aplicacion particular que estdn desarrollando.

A continuacién, se pone a prueba la hipdtesis HAEffc. El estadistico de Levene
(F(3,50) = 5,788;p < 0,05) indica una violacién de la suposicién de homogeneidad de
varianza. Para superar este problema, se aplica una transformacion logaritmica de los
datos: considerando la variable LAEffc ahora como el Ln(AEffc). Con la variable trans-
formada, el coeficiente de Levene (F(3,50) = 0,421;p > 0,05) permite aceptar la hipdtesis

y continuar con el andlisis.

Como la interaccién Meth*App resulta no significativa, se pasa directamente a ana-
lizar los efectos principales de las dos variables (App y Meth) de forma independiente.
Para Meth, el Ln de la eficiencia del sujeto cuando utiliza OOH4RIA es significativamente
mas grande que el Ln de la eficiencia del sujeto cuando usa el enfoque code-centric NET
(F(1,50) = 1197,29;p < 0,05); siendo una vez mas, muy alto el tamano del efecto. El
parcial Eta cuadrado es 0,999, lo que significa que el factor Meth por si mismo represen-
ta 99,9 % de la varianza general (efecto + error). Los resultados también indican que la
eficiencia del sujeto no es significativamente diferente entre las aplicaciones: Petstore y
Mediaplayer (F(1,50) = 141,42; p > 0,05). Esto significa que, las diferencias en la eficien-
cia estan significativamente afectadas por el método usado, sin considerar la aplicacion

especial que desarrollan.

Tal como se presenta en la Figura 1-3, para darle respuesta a la RQ2: Satisfaccion

de los sujetos con el método de desarrollo, se deben analizar los dos componentes
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(variables) que conforman la dimensién satisfacciéon: PU y PEU. Previo a los anélisis, se
han revertido algunas de las preguntas del cuestionario a fin de que los rangos mas altos
correspondieran siempre a sentimientos mas positivos (p.e. mas facil de aprender, menos
compleja, més eficiente, y asi sucesivamente). A continuacién, se presentan los andlisis de

datos.
- Utilidad percibida

Para probar la hipotesis HPEffv, primero se calcula el estadistico de Levene para com-
probar si las varianzas poblacionales son iguales. El resultado (F'(3,41) = 0,66;p > 0,05),
permite asumir la homogeneidad de varianza. Como la interacciéon Meth*App no es sig-
nificativa, se analizan los principales efectos de las variables independientemente. Para la
variable Meth, la efectividad percibida de los sujetos cuando se utiliza. NET es ligeramen-
te menor que la efectividad percibida cuando realizan las tareas de mantenibilidad sobre
OOH4RIA. Sin embargo, esta diferencia no es significativa: (F'(1,41) = 14,74;p > 0,05).
Ademas, los resultados revelan que los sujetos perciben la efectividad como ligeramente
mayor con Petstore que con Mediaplayer, aunque esta diferencia, de nuevo, no es signi-
ficativa: (F'(1,41) = 9,62;p > 0,05). Las diferencias en la efectividad percibida no estdn

afectadas significativamente ni por el método usado ni por la aplicacion implementada.

Respecto a la hipotesis HPCert, el coeficiente de Levene (F(3,50) = 3,025;p < 0,05)
indica una violacion del supuesto de homogeneidad. Con el fin de superar este proble-
ma, se aplica una transformacion logaritmica de los datos: considerando ahora la va-
riable LPCert como Ln(PCert). Una vez mas el resultado de la estadistica de Levene
(F(3,50) = 2,970;p < 0,05) advierte una violacién de la homogeneidad de la varian-
za del error. Por esta razén, se aplica otra transformacién logaritmica, y ahora LPCert
es igual a LnGamma(PCert). Con la variable transformada, el coeficiente del Levene
(F(3,50) = 2,078, p = 0,115) permite aceptar de homogeneidad de varianza y continuar

con el analisis.
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Para la variable Meth, el LnGamma de la certeza percibida por el sujeto con respecto
a la correccién de las modificaciones propuestas utilizando OOH4RIA es ligeramente més
alto que el LnGamma de la certeza percibida cuando usan .NET (F'(1,50) = 12,548;p >
0,05; 8 = 0,781), pero el efecto principal del método no es significativo. Ademads, el
LnGamma de la certeza percibida por los sujetos es ligeramente superior con Petstore
que con Mediaplayer (F'(1,50) = 8,159;p > 0,05; 8 = 0,823), aunque esta diferencia, otra
vez, no es significativa. Es decir que, las diferencias en la certeza percibida no es afectado

significativamente ni por el método de desarrollo ni la aplicacion especial desarrollada.

La prueba de hipétesis de HPStab comienza verificando la distribucion normal de las
variables dependientes con el contraste de Levene. El resultado (F'(3,50) = 2,455; p > 0,05)
permite refutar la hipotesis nula y asumir la homogeneidad de la discrepancia de error.
Como ha sido mencionado con anterioridad la interaccién Met*App no es significativa,

por lo que se procede a analizar los efectos de las variables de forma independiente.

Para Meth, los sujetos perciben la estabilidad de las modificaciones propuestas con
.NET como ligeramente superior que la estabilidad percibida cuando usan OOH4RIA
(F(1,50) = 37,099; p > 0,05), aunque no significativamente. Los resultados también reve-
lan que la estabilidad percibida por los sujetos es significativamente mayor con Petstore
que con Mediaplayer (F(1,50) = 354,124; p < 0,05). El valor alcanzado por el parcial Eta
cuadrado (0,997) asegura que el tamano del efecto de App es muy alto, lo que significa
que este factor por si mismo es capaz de explicar el 99,7 % del total de la varianza (efecto
+ error). Las diferencias en la estabilidad percibida son afectadas significativamente por

la aplicacion especial que se estd desarrollando, sin considerar el método usado.
- Fuacilidad de uso percibida

Para la hipdtesis HPEffc, el resultado del estadistico de Levene (F'(3,43) = 1,931;p >
0,05) permite asumir la homogeneidad de varianza. Como la interaccién Meth*App no

es significativa (F' = 0,007;p > 0,05), se puede proceder a revisar los efectos principales
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de las dos variables (App y Meth) independientemente sin modificar los resultados por la

existencia de una interacciéon importante.

Para la variable Meth, los sujetos perciben la eficiencia cuando se utiliza OOH4RIA
como significativamente superior a la eficiencia percibida al usar .NET (F = 770,438;p <
0,05). El tamano del efecto es muy alto donde el parcial Eta cuadrado es de 0,999, lo
que significa que el factor Meth por si mismo representa el 99,9 % de la varianza general
(efecto + error). Ademads, la eficiencia percibida por los sujetos es ligeramente mayor con
Petstore que con Mediaplayer (F = 0,211;p > 0,05), aunque no significativamente. Esto
se puede explicar pues las diferencias en la eficiencia percibida estdn significativamente

afectadas por el método usado, sin considerar la aplicacion especial desarrollada.

La prueba de hipotesis de HPLearn, al igual que las pruebas de hipdtesis anteriores,
comienza con el cdlculo del coeficiente de Levene, el resultado (F'(3,48) = 0,123;p > 0,05)
permite asumir la homogeneidad de la discrepancia de error. Luego, se procede a analizar
las variables Meth y App de forma independiente, debido a la ausencia de interacciéon sig-
nificativa entre estas variables, basados en los resultados de las medias (ver Tabla 1-6). En
cuanto a la variable Meth, la percepcién de los sujetos de la facilidad de aprendizaje utili-
zando el método OOH4RIA es ligeramente mejor que la facilidad de aprendizaje percibido
con .NET, pero esta diferencia no es significativa (F(1,48) = 0,973;p > 0,05). Los resulta-
dos también muestran que la capacidad de aprendizaje de los sujetos es mayor con Petstore
que con Mediaplayer, aunque no de forma significativa: (F'(1,48) = 3,876;p > 0,05). Es
decir que, las diferencias en el aprendizagje percibido no se afecta significativamente ni por

la metodologia ni por la aplicacion desarrollada.

En cuanto a la hipotesis HPCompl, otra vez se calcula el coeficiente de Levene para
verificar si la discrepancia del error es constante. El resultado (F'(3,49) = 1,358;p > 0,05)
permite que se refute la hipétesis nula y por lo tanto asumir la homogeneidad de la varianza
del error. Para la variable de Meth, la complejidad percibida del individuo al realizar tareas
de mantenibilidad con OOH4RIA es inferior (més sentimientos positivos) que la aparente

complejidad de llevar a cabo las tareas de mantenibilidad con .NET, aunque no de forma
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significativa: (F'(1,49) = 9,582; p > 0,05). Ademads, los resultados también manifiestan que
la aparente complejidad del sujeto es ligeramente inferior con Petstore que con Mediaplayer
(F(1,49) = 2,946; p > 0,05) aunque, otra vez, no significativamente. Las diferencias en la
complejidad percibida cuando los sujetos llevan las tareas de mantenibilidad no se afectan

significativamente ni por la metodologia ni por la aplicacion.

Para probar la hipdtesis de HSatisf (relacionado a la existencia de las diferencias
significativas de la satisfaccién percibida por el sujeto cuando realizan las tareas de man-
tenibilidad con los dos método) y garantizar que la aplicacién del andlisis estadistico tiene
sentido, primero se verifica el contraste de Levene. El resultado (F(3,50) = 4,058; p < 0,05)
muestra una violacion de la homogeneidad de la varianza. Para superar este problema,
se aplica una transformacion logaritmica de los datos: considerando ahora la variable
LPSatisf como el Ln(PSatisf). Con la variable transformada, el coeficiente de Levene

F(3,50) = 2,189; p > 0,05, permite aceptar la suposicién y continuar con el anélisis.

Al analizar los efectos de las variables independientemente, para Meth el Ln de la
satisfaccion percibida por los sujetos con OOH4RIA es ligeramente inferior al Ln de la
satisfaccion percibida con .NET, aunque no de forma significativa: (F'(1,50) = 0,783;p >
0,05). Mientras que el Ln de la satisfaccién percibida por los sujetos es ligeramente superior
con Petstore que con Mediaplayer (F(1,50) = 3,831;p > 0,05), aunque, otra vez, no
significativamente. Esto significa que, las diferencias en la satisfaccion percibida no se

afecta significativamente ni por la metodologia ni por la aplicacion.

Por 1ltimo, para probar la hipétesis HPEU-Total, el estadistico de Levene (F'(3,50) =
3,26; p = 0,029) revela una violacién de la presuncién. Con el fin de superar este problema,
se ha aplicado una transformacion logaritmica de los datos: se considera la variable LPEU-
Total ahora como Ln(PEU-Total). Con la variable transformada, el coeficiente de Levene
(F(3,50) = 2,292; p > 0,05) permite aceptar la suposicién y continuar con el anélisis. Dada
la ausencia de efecto significativo entre la interaccién de las variables (App y Meth), se
pueden analizar las dos VI sin modificar los resultados por la existencia de una interaccién

importante.
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Para la variable Meth, los sujetos perciben el Ln de la facilidad de uso percibido
(global) cuando realizan las tareas de mantenibilidad con OOH4RIA como ligeramente
superior al Ln de la facilidad de uso percibida con .NET, aunque no de forma significativa:
(F = 25,419;p > 0,05). Los resultados también muestran que el Ln de la facilidad de uso
percibida por los sujetos es ligeramente superior con Petstore que con Mediaplayer, pero el
efecto principal de la aplicacién, de nuevo, no fue significativo (F' = 10,062; p > 0,05). Las
diferencias en la facilidad de uso global percibida del sujeto no se afecta significativamente

nt por la metodologia ni por la aplicacion.
Amenazas para la validez

La evaluacion de la validez del presente experimento, sigue la clasificacion propuesta
en [14], delimitando las amenazas de los estudios empiricos en cuatro diferentes tipos:
interna, externa, de constructo y de conclusion. Debido a las similares caracteristicas de
este experimento en cuanto a cantidad de la muestra (27 sujetos) y caracteristicas de los
sujetos que la componen con el experimento de satisfaccién e intencién de adopcién (26
sujetos); muchas de las amenazas que limitan la generalizacion de estos resultados han sido
descritas con anterioridad (Seccién 1.4.3). A continuacién se detallan particularidades que

difieren las amenazas de este experimento:

Para minimizar las amenazas para la validez de conclusion en este experimento se

ha realizado un analisis de sensibilidad que asegura una potencia de 0,7 para tamanos
de efectos mayores de 0,34. Los principales supuestos de las pruebas estadisticas se han
comprobado, y los datos se han transformados de ser necesario para cumplirlas. Aunque
el examen de las escalas de Linkert de 5 y 7 puntos como variables de intervalos es una
cuestion controversial, el uso del ANOVA reduce considerablemente estas amenazas para
la validez de las conclusiones del estudio [61]. La fiabilidad de las medidas relativas a
las escalas han sido probadas y las hipdtesis para las escalas que no mostraron un grado
suficiente de fiabilidad quedaron fuera del estudio. A pesar de ello, el hecho de que algunas
variables se han medido a través de un tnico elemento en el cuestionario constituye una

amenazas para la validez de la conclusion, que solo se pueden superar con la definicién y
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validacién de escalas estandares para medir tales constructos; aunque este tipo de escalas

de medida ain no estan disponibles para los investigadores.

Los tratamientos se aplican de forma constante entre los sujetos. Sin embargo, el
hecho de que los resultados objetivos del experimento se utilizan para clasificar a los estu-
diantes pueden haber introducido ruido en los resultados (p.e. estando algunos estudiantes
nerviosos por su rendimiento). A pesar de esto, como todos los sujetos aplicaron los tra-
tamientos (métodos), se puede suponer que dicho efecto, si esté presente, se ven afectados
por igual a todos los niveles del tratamiento. Asimismo, este hecho reduce el riesgo de una
heterogeneidad aleatoria de los sujetos, ya que ambos tratamientos se aplicaron al mismo

grupo de sujetos.

Amenazas a la validez interna, en este experimento todos los sujetos inscritos en la

maestria tenfan que participar en el experimento (existe un sesgo de seleccion mas alld de
aquellos inherente a los presente en los cuasi-experimentos). Los sujetos aplicaron los
tratamientos con diferentes tipos de tareas, lo que disminuye el riesgo de la historia. El
tiempo limitado de duracién del experimento (dos horas) es lo suficientemente corto para
evitar un efecto de aprendizaje, mientras que el hecho de que tenian que aplicar dos
tratamientos que intervienen un conjunto completamente diferente de habilidades limita
el efecto de maduracion. Ademds, dos instructores supervisaron todo el proceso con el fin
de minimizar el sesgo de interaccion. Sin embargo, existe una amenaza de efecto que se ha
tratado de controlar con la realizacién de la prueba piloto, que aporta la confianza para

asumir que dos horas es tiempo suficiente para que los sujetos terminaran las tareas.

Otras amenazas que afectan la validez interna del experimento es el hecho de que los
sujetos no estan obligados a responder todas las preguntas del cuestionario y que a su vez,
ellos eran los encargados de reportar el tiempo que les llevé terminar las tareas. Ademaés, las
tareas fueron corregidas manualmente por uno de los instructores. El riesgo de subjetividad
es controlado para asegurarse que la aplicacion manipulada por los sujetos después de
que se realizaron las tareas de mantenibilidad funcionan como era esperado. El hecho de

que se aplicaron los tratamientos en dos aplicaciones diferentes también representa una
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amenaza para la validez interna que ha sido controlado mediante el uso de aplicaciones
de similares complejidad, medidas en ntimero de construcciones conceptuales (para el
tratamiento OOH4RIA) y en lineas de cédigo (para el tratamiento Visual Studio .NET).
Esta ultima medida se prefiere generalmente sobre los puntos de funcién, debido a su

mayor fiabilidad [89].

Relacionadas con las amenazas a la validez de constructo, en este sentido, el modelo

tedrico esta bien definido. Un PCA se ha realizado para comprobar que los datos se ajus-
tan bien a la agrupacion de las variables del modelo tedrico. Sin embargo, la fiabilidad
de algunas de las medidas utilizadas no han sido probadas, y por tanto pueden haber
introducido un sesgo de medicion, incluso si han sido utilizadas ampliamente en la litera-
tura. También, la condicion de examen puede haber planteado tension adicional sobre los
sujetos (temor a la evaluacién) o, por el contrario, puede haber causado que los sujetos
se comporten mas eficientes y efectivos que lo usual debido a que se estan calificando.
Ademas, se han utilizado aplicaciones de tamanos similares, todos ellos pertenecientes al
mismo dominio (sesgo de mono-operacion). Por eso no se pueden generalizar los resultados

a las aplicaciones de tamanos o dominios diferentes.

Por otro lado, la hipdtesis del experimento (es decir, una mayor mantenibilidad de en-
tornos MDE) eran bastante faciles de adivinar, por lo que los estudiantes pueden sentirse
obligados a reportar menos tiempo al utilizar OOH4RIA. De todos modos, los observado-
res del experimento tuvieron especial cuidado de no revelar esta hipdtesis a los alumnos.
Ademas, el experimento se ve afectado de una generalizacién limitada a través del cons-
tructo: se ha comprobado un resultado positivo entre la mantenibilidad y OOH4RIA, pero
es imposible asegurar que esto no obstaculice otros atributos de calidad o cualquier otra

caracteristica adicional.

Por tultimo, las amenagzas a la validez externa tienen que ver con la generalizacién de

los resultados a la practica industrial. Los sujetos son estudiantes post-graduados, muchos
de ellos ya trabajan como desarrolladores y por tanto constituyen verdaderos representan-

tes de desarrolladores noveles, pero la pequena muestra utilizada y el hecho de que estos
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sujetos son personas altamente motivadas pueden no ser representativos de la poblacién de
desarrolladores noveles. Ademas, las metodologias y lenguajes particulares seleccionados,
a pesar de ser ampliamente utilizados en el desarrollo industrial, constituyen un entorno
restringido. Las aplicaciones elegidas, aunque limitadas en tamanos, son caracteristicas de
la clase de aplicaciones que se estan desarrollando en la industria, pero el alcance de las
tareas de mantenibilidad tenia que ser limitado debido a las restricciones de tiempo, por
lo que existe el riesgo de que diferentes resultados se puedan obtener si las aplicaciones son
mas grandes o diferentes tareas de mantenibilidad hubiesen sido utilizadas para realizar
el experimento. Por lo tanto, este experimento debe ser repetido con diferentes lenguajes,
herramientas, aplicaciones, tareas y enfoques MDE. Para este propdsito, el paquete de

replicacién de este experimento se puede encontrar en [46].
1.5. Discusién de los resultados obtenidos de la experimentacién

Los resultados de esta tesis aumentan el depdsito de los datos empiricos comparando
productividad, mantenibilidad, satisfaccion e intenciéon de adopcién de métodos de las
aproximaciones MDE con respecto a los enfoques tradicionales: basados en modelos y/o

centrados en el cédigo.

Por un lado, se propone el Modelo Teérico de Adopcién de Métodos (Figura 1-3)
adaptado de [58], inicialmente propuesto en [43] y refinado en [45], que puede ser usado
como punto de partida para estudiar las posibilidades de adopcién de los métodos de
desarrollo existentes en la industria de software. Las dimensiones, variables y medidas de
este modelo, asi como sus influencias se han identificado sobre la base de evidencia de

diferentes campos de investigacion [15, 21, 54, 58, 73, 87].

Las evaluaciones empiricas (Secciones 1.4.1 1.4.2, 1.4.3 y 1.4.4) realizadas en el contex-
to académico avalan el modelo tedrico al considerar positiva la influencia del rendimiento,
con los métodos de desarrollo, en la satisfaccion del desarrollador. Mientras que el es-
tadistico PCA garantiza la acertada agrupacion de las medidas asociadas a la dismension

satisfaccion en dos variables (PU, utilidad percibida y PEU, facilidad de uso percibida).
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Sin embargo, este andlisis también detecta la necesidad de realizar estudios mas profundos
con las medidas PU-Stab (estabilidad) y PEU-Compl (complejidad) pues son las medidas

méas correlacionadas a las variables PU y PEU, respectivamente.

Por otro lado, se proveen algunas contribuciones al proceso de desarrollo y mante-
nimiento de aplicaciones Web desde el punto de vista de los adoptadores de métodos,
que permiten comprobar algunos supuestos del enfoque MDE. Los principales resultados

obtenidos y su discusion se relacionan segun las reivindicaciones a las que hace referencia:
= Relacionadas con el incremento de la productividad:

El uso de las practicas de ingenieria MDE como OOH4RIA permiten duplicar la
productividad del equipo de desarrollo con respecto al uso de enfoques MBD (con UML) e
incrementar hasta un 5,75 veces aproximadamente respecto a las practicas de codificacién,

(code-centric), como .NET.

= Relacionadas con la mejora de la mantenibilidad:

e Experimento WebML vs PHP:

El uso de los enfoques de ingenieria MDE como WebML mejoran el rendimiento de
los desarrolladores cuando llevan a cabo actividades de mantenibilidad sobre la capa
de presentacion de una aplicacién Web, permitiendo que las tareas de analizabilidad
(hasta 5,18 veces), cambiabilidad correctiva (hasta 2,17 veces) y cambiabilidad per-
fectiva (hasta 3,17 veces) se realicen significativamente més rapido en comparacién
con el lenguaje tradicional PHP. Ademads, la precisién de los cambios en las tareas

de analizabilidad y mantenibilidad correctivas también resultan significativas.

e Experimento OOH4RIA vs .NET:

Los métodos MDE como OOH4RIA mejoran significativamente el rendimiento de
los sujetos cuando llevan a cabo tareas de mantenibilidad, incrementando la efecti-
vidad y la eficiencia real en 1,27 y 3,21 veces, respectivamente, que cuando usan un

lenguaje centrado en el codigo como .NET.
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s Relacionadas con el incremento de la satisfaccién de los desarrolladores:

e Durante el desarrollo de aplicaciones Web, (experimento de productividad, satis-

faccién e intencién de adopcion):

El uso de enfoques MDE como OOH4RIA incrementa significativamente la satisfac-
cion de desarrolladores Web noveles con respecto al desarrollo centrado en el cédigo
como Visual Studio .NET. Sin embargo, las actividades de modelado que no estan
acompanadas de un fuerte ambiente de generacién de cédigo (MBD, como el uso
de UML en RSM) hacen disminuir la satisfaccién por debajo de las préacticas de
codificacion (code-centric), NET.

Este hallazgo respalda las investigaciones de [18], quien expone que el uso de UML
como lenguaje de modelado no tiene un impacto significativo en el tiempo necesario
para realizar un cambio, pues también se debe contar el tiempo para poner al dia
la documentacién de UML.

e Al realizar tareas de mantenibilidad de aplicaciones Web, (experimento de mante-

nibilidad, WebML vs PHP y OOH4RIA vs .NET):

La satisfaccién, no gener6 resultados significativos para ninguno de los dos enfoques
de desarrollos comprobados (MDE o centradas en el cédigo). En el primer experi-
mento de mantenibilidad, que compara WebML vs PHP, los sujetos muestran una
ligera preferencia por realizar las tareas de mantenibilidad directamente en el cédi-
go fuente; mientras que en el segundo experimento de mantenibilidad, que compara
OOHA4RIA vs .NET, la balanza de satisfaccién se inclina ligeramente en favor de p
OOH4RIA como enfoque MDE.

Una coincidencia entre estos dos experimentos, es que los sujetos sienten que las
modificaciones no tendran efectos inesperados (estabilidad de la solucién) cuando
realizan las tareas de mantenibilidad con un enfoque centrados en el cédigo como
PHP y .NET.

Estos resultados, pueden deberse, como se ha mencionado anteriormente, a que los

sujetos eran principiantes desarrolladores con el uso de enfoques MDE, sin embargo
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tenfan un alto nivel de experiencia previa en estudios de grado con los enfoques
code-centric como PHP e incluso en la industria con tecnologias como .NET. Todo
senala que si los sujetos tuviesen mayor experiencia con la metodologia MDE, la
tnica evolucion natural de las medidas habrian sido con diferencias significativas

mas grande en favor de WebML y OOH4RIA.
= Relacionadas con Intencion de adopcion de los desarrolladores:

Los métodos MDE como OOH4RIA muestran un gran potencial de adopcién, donde
el 76,9 % de los sujetos, luego de terminado el experimento deciden continuar el proyecto
con esta aproximacion de desarrollo, a pesar de ser el método menos compatible con
las experiencias previas de los desarrolladores. Los resultados, también muestran que los
desarrolladores de software noveles se sienten comodos con el uso de modelos, lo consideran
como el método més 1til y que es probable que ellos los usen si los modelos se acompanan

por un ambiente de desarrollo MDE.
1.6. Conclusiones parciales

Este capitulo presenta un conjunto de cuatro experimentos, asi como los principales
aportes y limitaciones. Estos experimentos incrementan el repositorio de evidencia empiri-
ca del enfoque MDE en el desarrollo de aplicaciones Web, en aras de aseverar/refutar los
supuestos que este paradigma ofrece a la comunidad de desarrolladores. La relevancia de
los experimentos realizados se justifica a partir de un mapeo sistematico de las publicacio-
nes en el campo MDE y de los resultados tan dispares encontrados en la literatura tanto

de ganancias como pérdidas en entornos académicos e industriales.
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Conclusiones

En esta tesis se verifican las hipétesis y los beneficios del enfoque MDE. Los resulta-
dos alcanzados son significativos en el contexto de los métodos y herramientas utilizados,
y para el tipo, tamano y complejidad de las aplicaciones desarrolladas. Sin embargo, cabe
mencionar que aplicaciones con similares caracteristicas son comunes en muchas organi-

zaciones dado el auge que ha cobrado Internet.
Entre las principales contribuciones de esta tesis doctoral se destacan:

= Una instantanea, actualizada a fecha de diciembre del 2010, del estado de la investigacion
empirica en el campo de la calidad, productividad y satisfaccién de los enfoques MDE
respecto a otros paradigmas de desarrollo.

= Un Modelo Teérico de Adopcion de Métodos que integra las variables sobre las que
existe un mayor grado de consenso entre la comunidad investigadora acerca de su poder
de prediccion del grado de intencién de adopcién de una nueva metodologia.

= Una familia de experimentos que ha permitido comprobar:

e Un incremento significativo de la productividad, asi como de la mantenibilidad
(correctiva y perfectiva) de los desarrolladores cuando llevan a cabo tareas de desa-
rrollo y mantenimiento de aplicaciones Web 2.0 con enfoques MDE, en comparacion
con el desarrollo code-centric o MBD.

e Ausencia de impacto significativo en la satisfaccion de los desarrolladores. Los resul-
tados muestran que los distintos enfoques no impactaron de manera significativa en

la satisfaccién, aunque la balanza se inclina ligeramente en favor del uso de enfoques

de desarrollo MDE como WebML y OOH4RIA. Este resultado es prometedor, ya

64
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que la experiencia previa de los desarrolladores era mas fuerte con enfoques cen-
trados en el codigo como los bien conocidos PHP y .NET. Sin embargo el uso de
enfoques MBD (como UML) hacen disminuir la satisfaccién, incluso por debajo de
las las practicas de codificacién code-centric.

e Un buen potencial de adopcién de los enfoques MDE como OOH4RIA por parte de

los desarrolladores noveles.

En las actuales condiciones, es necesario seguir realizando réplicas de los experimentos
para separar el efecto de los métodos de sus ambientes de desarrollo acompanantes y poder
generalizar los resultados a diferentes poblaciones, métodos, lenguajes, tipos y tamanos
de aplicaciones. Las ventajas y desventajas percibidas de los métodos y su influencia en la
decision definitiva de adoptarlos no solo proveen informacion valiosa para refinar la base
teorica del modelo, sino también dan algunas pistas respecto a los aspectos que habria que

mejorar en ambientes de desarrollo como la herramienta OOH4RIA IDE.

Trabajos Futuros

Esta tesis no es el final de los esfuerzos en este area de investigacion. Muchas activi-
dades experimentales estdan actualmente en marcha y otras quedan como investigaciones
complementarias. En general, el mapeo sistematico y los experimentos realizados destapan
las siguiente lineas de investigacion en el campo de la evaluacion empirica de MDE en el

contexto de la ingenieria Web:

= Definir un método que ayude a los investigadores de IS a demostrar empiricamente
las cualidades (su impacto sobre calidad de producto y proceso) de las herramientas y
métodos MDE (en especial aquéllos pertenecientes al &mbito de la Ingenieria Web) en
comparacion con el resto de alternativas.

= Realizar réplicas de los experimentos con muestras de profesionales del desarrollo de
software, es decir, evaluaciones en entornos industriales.

= Mejora y evaluacién del modelo tedrico de adopcién de métodos propuesto.
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Respecto a la primera linea de investigacién abierta, durante el desarrollo de esta
tesis una de las dificultades principales ha sido la falta de instrumentos de medicion y
tipologias de tareas estandares para realizar las distintas comparativas. Este hecho ha
obligado a definir dichas tareas y medidas, lo que impide cualquier tipo de comparacién

con respecto a estudios realizados por otros investigadores o paquetes experimentales.

En este sentido, es posible basarse en la experiencia y los elementos de los paque-
tes experimentales, elaborados como parte de los estudios empiricos realizados, para la
sistematizacion y estandarizacion de dichos materiales. El desarrollo de instrumentos de
medicién y tareas estandares pueden facilitar sin duda la realizacién de estudios empiricos
por parte de los investigadores y desarrolladores de métodos de desarrollo Web basados

en el paradigma MDE.

La realizacion de estos estudios es fundamental de cara a ser capaces de responder a
la pregunta ;Qué enfoque MDE deberia seleccionar en funcién de mi contexto de uso y

mis necesidades de calidad?

Ademas, es necesario continuar trabajando para extender estos estudios a otras carac-
teristicas de calidad del producto y del proceso mas alla de la mantenibilidad, productivi-
dad y satisfaccion. Los resultados, en su mayor parte anecddticos y poco contrastados del
mapeo sistematico realizado en [44], sobre la evidencia empirica respecto al impacto del
MDE en caracteristicas como la eficiencia, funcionalidad, fiabilidad, usabilidad y portabi-
lidad, demuestran la necesidad de que la comunidad de ingenieria realice otros estudios
empiricos que provean evidencia sobre las ventajas/desventajas que este paradigma ofrece,

sobre estas caracteristicas, al desarrollo de software.

La segunda linea de investigacién, estd estrechamente relacionada a la primera. Da-
das las amenazas para la validez de la generalizacion de los resultados obtenidos de los
experimentos realizados, es necesaria su reproduccion utilizando muestras representativas

de la comunidad de desarrolladores Web. Por otra parte, es necesario realizar réplicas con
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aplicaciones de tipos y tamanos diferentes, asi como con lenguajes y enfoques MDE dife-
rentes, en aras de garantizar que es el método usado y no otras variables la causante las

diferencias observadas.

Por tltimo y no menos importante (tercera linea de investigacion), por lo que respecta
al modelo tedrico de adopcion de métodos, es necesario acompanarlo de un instrumento
de medicion valido y fiable. Este instrumento es el primer paso para validar el modelo

teorico y evaluar su poder predictivo.
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Resumen

Para el avance del desarrollo de software dirigido por modelos, es esencial propor-
cionar evidencias empiricas que corroboren o refuten las promesas de mejora asociadas a
este paradigma desde su concepcion. El objetivo de este trabajo es clasificar la evidencia
empirica existente respecto de la mejora en productividad y calidad de las aplicaciones.
Para ello hemos aplicado el proceso de mapeo sistematico, un tipo de estudio secunda-
rio disenado especificamente para abordar este tipo de objetivos. Como resultado de este
trabajo, hemos identificado asunciones que carecen a dia de hoy de evidencia empirica.
Por tanto, constituyen lineas de trabajo que se deben abordar para una mayor rigurosi-
dad y consistencia de la disciplina. También hemos identificado areas donde un anélisis
mas exhaustivo podria ser de utilidad. El mapa resultante facilita la entrada de nuevos

investigadores a este campo.

Palabras clave: Mapeo sistemadtico, ingenieria dirigida por modelos, calidad, pro-

ductividad
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Empiric evidence on productivity and quality
improvements with MDD approaches: a systematic

mapping
Abstract

In order to consolidate the progress in the development of the Model-Driven Deve-
lopment paradigm, it is essential to provide empirical evidence that either corroborates or
refutes the promises of improvement that attached to this paradigm since its inception.
The purpose of this paper is to classify the existing empirical evidence referred to improve-
ments in productivity and quality of the applications. In order to achieve this goal, we have
applied the systematic mapping process, a type of secondary study specifically devoted to
carry out this kind of studies. As a result of this work, we identified assumptions based
on today’s lack of empirical evidence, and therefore lines of work are to be addressed to
bring more rigor and consistency in discipline. We have also identified areas where further

analysis could be useful. The resulting map facilitates the entry of new researchers to the

field.
Key words: Systematic Mapping, Model Driven Development, Quality, Productivity
1. Introduccion

El Desarrollo Dirigido por Modelos (MDD, del inglés Model Driven Development)
es una aproximacion al desarrollo de software basado en (a) la creacién de modelos del
sistema software a distintos niveles de abstraccién y (b) su uso como base de un proceso
de generacién automética de cédigo [1]. Entre las reivindicaciones de este paradigma de

desarrollo se encuentran [2] [3] [4]:

1. Mayor simplicidad del proceso. El desarrollador se puede aislar de la complejidad tec-
nolégica y centrarse en la estructura y comportamiento deseado de la aplicacion.

2. Mejora de la productividad del proceso de desarrollo. El uso de modelos independientes
de computo (CIM, Computation-Independent Model), modelos independientes de pla-

taforma (PIM, Platform-Independent Model) y modelos de plataforma especifica (PSM,
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Platform-Specific Model) permiten especificar el sistema a distintos niveles de abstraccion
y favorecen de este modo el reuso. La definicién de transformaciones modelo a modelo y
modelo a codigo automatiza gran parte del proceso de codificacion.

. Mejora de la calidad externa de la aplicacion resultante (Funcionalidad, Fiabilidad, Usa-

bilidad, Eficiencia, Mantenibilidad y Portabilidad) [5].

Sin embargo, y a pesar de las numerosas llamadas de atencion por parte de la co-
munidad de Ingenieria del Software acerca de la necesidad de acompanar este tipo de
afirmaciones con evidencias empiricas [6] [7], la gran mayoria de aportaciones en el campo
del MDD sigue tomando la forma de nuevas metodologias, técnicas y herramientas que,
aunque viables, no llegan a demostrar de una manera fiable su utilidad y ventajas respecto

a sus predecesoras.

Con el fin de ayudar a que la comunidad proporcione estas evidencias empiricas,
el area de experimentacion en Ingenieria del Software ha desarrollado guias exhaustivas
que ayudan a los investigadores en el proceso de obtencién de datos fiables acerca de las
ventajas o desventajas de los distintos métodos, técnicas o herramientas empleadas en la
construccion de sistemas software [8] [9]. En ausencia de estos datos, se sigue corriendo el
peligro de sostener conclusiones erréneas [10], perjudicando de esta manera tanto la toma
de decisiones en el &mbito empresarial [11] como la propia imagen de la disciplina, tal y

como ya ha sucedido en el pasado [12].

Aln mas importante, es necesario proporcionar un acceso rapido, claro y conciso a
las evidencias empiricas de las que se dispone, de manera que ese conocimiento llegue a
los encargados de decidir acerca de su adopcion en la practica. En el caso de MDD, esta
falta de organizacién de la evidencia empirica, asi como, cuando existe, su falta de relacién
con metodologias bien definidas, puede estar perjudicando su adopcién por parte de las
empresas; es bien sabido que la decisiéon de adoptar una nueva aproximaciéon o utilizar
nuevas herramientas en un proceso de desarrollo de software deberia venir avalada por un
proceso fiable y repetible, de manera que se maximicen las probabilidades de éxito de la

implantacién en la industria [13].
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Con el objetivo de (a) atraer la atencién de la comunidad de Ingenieria del Software
sobre la falta de un acervo empirico en el campo de MDD y (b) proporcionar un mapa
conceptual que organice los datos que se han publicado hasta el momento, este trabajo
presenta un mapeo sistemético [14] [15] de la evidencia empirica existente acerca de como
MDD contribuye a mejorar la calidad de la aplicacion resultante y la productividad del
proceso de desarrollo. Esta evidencia se relaciona directamente con las reivindicaciones 2

y 3 presentadas al inicio de esta seccion.

El trabajo estda organizado como sigue: en la Seccién 2 se presenta en detalles el
proceso de del mapeo sistematico. En la seccién 3 se presenta el analisis comparativo y se
discuten los resultados del mapeo sistématico y sus limitaciones. Por tltimo, en la seccién

4 se presentan las conclusiones y trabajos futuros.
2. Mapeo Sistematico

La técnica de mapeo sistemético (systematic mapping) define un proceso y una es-
tructura de informe que permite categorizar los resultados que han sido publicados hasta
el momento en un drea determinada [15]. El objetivo de un mapeo sistematico estd en
la clasificacion, y estd por tanto dirigido al analisis temético y a la identificacién de los
principales foros de publicacion. Permite responder preguntas genéricas como ;Qué es lo
que se ha hecho hasta el momento en el campo X? Como limitacion, este tipo de estudios
no toma en consideracién la calidad de los estudios incluidos. Una alternativa al mapeo
sistemético es la revisién sistemdtica [14], cuya fase de revision de trabajos, mucho mas
rigurosa, permite establecer el estado de evidencia a través de la exhaustiva extraccién de
datos cuantitativos y estudios de meta-analisis, y por tanto responder a preguntas de inves-
tigaciéon mucho mas especificas. Estos dos tipos de estudios son complementarios y tienen
como objetivo identificar los huecos de la investigacion, por lo que un mapeo sistematico
es considerado por muchos como un paso previo imprescindible para decidir en qué areas
concretas del campo es interesante abordar una revisién sistemética més detallada [16]. El
proceso de mapeo sistematico seguido en la presente investigacién se presenta en la Figura

2-1.
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Figura 2-1: Proceso de mapeo sistematico.

2.1 Definicion de la pregunta de investigacion.

De acuerdo a [14], una pregunta de mapeo sistemético bien focalizada incluye cuatro

partes:

Poblacion: Profesionales interesados en migrar hacia procesos de desarrollo basados en
el paradigma MDD.

Factor de estudio: Impacto de MDD sobre la calidad externa del software y la produc-
tividad del proceso.

Intervencion en la comparacién: Marcos de trabajo, metodologias, herramientas, etc.
basadas en el paradigma MDD que han servido de base para comparar productividad
del proceso y/o calidad externa de las aplicaciones resultantes con respecto a otros pa-
radigmas.

Resultado: Grado de evidencia empirica existente en el campo.
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Estos elementos nos han permitido definir las siguientes preguntas de investigacion

(PI):

PI1: ;Qué tipos de publicacién ofrecen mas datos empiricos sobre el impacto de MDD
sobre la calidad y la productividad, y como ha cambiado la tendencia a lo largo del
tiempo?

PI2: ;Qué caracteristicas de calidad de producto (funcionalidad, fiabilidad, usabilidad,
eficiencia, mantenibilidad, portabilidad [5]) y proceso han sido més investigadas desde
un punto de vista empirico?

PI3: ;Qué tipo de estudio empirico (encuestas, casos de estudio, experimentos, meta-
andlisis) es el més usual a la hora de aseverar el impacto de MDD sobre caracteristicas
de calidad y productividad?

PI4: ;Qué tipo de enfoque de investigacion (validacién en entornos controlados o evalua-

cién en entornos reales) es el mas utilizado en el campo?

En base a estas preguntas, el objetivo de la investigacion presentada en este articulo
se puede resumir como: “identificar los estudios empiricos que se han realizado durante
el periodo 2000-2010 sobre la mejora de la calidad del producto y la productividad del

proceso mediante el uso de aproximaciones MDD”.
2.2. Ejecucién de la Busqueda.

La cadena de busqueda utilizada como base para la obtencién de los trabajos re-
levantes ha sido: empirical AND software AND (quality or performance) AND (“model
driven” OR model-driven OR MDD OR MDE OR MDA) AND (ezperiment OR, survey
OR “case study” OR meta-analysis). La bisqueda se ha centrado en los anios 2001 — 2010.
La eleccién del periodo temporal estda motivada por el hecho de que el 2001 fue el ano en
que la OMG (Object Management Group) propuso la adopcién de MDA (Model Driven
Architecture) como estandar para las actividades involucradas en el MDD, aunque la guia

oficial no fue publicada hasta junio 2003 [17].
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Por otro lado, las fuentes de datos utilizadas han sido cuatro: Google Scholar, ACM,
IEEE y Springer. Esta seleccién de fuentes es hasta cierto punto redundante, ya que Google
Scholar, motor de busqueda lider en el seno de la comunidad cientifica de investigadores
académicos, indexa un gran numero de fuentes de documentacion técnica, entre las que se
encuentran ACM, IEEE y Springer, que a su vez son los tres foros mas significativos en la
Ingenieria del Software. Google Scholar recupera ademas documentos que no aparecen en
bibliotecas digitales organizadas, y que sin embargo forman parte del acervo cientifico de
las distintas disciplinas, por lo que consideramos que es un complemento importante en la
elaboracion de mapeos y revisiones sistematicas [18]. No menos importante, Google Scholar
muestra los documentos ordenados en funcién de la importancia del foro de publicacién
en el que se encuentra el articulo, la relevancia de sus autores o la frecuencia con la que
es citado el escrito. Por tanto su inclusiéon nos ayuda a garantizar que estamos incluyendo

los trabajos mas relevantes para la comunidad cientifica.

Los resultados de ejecutar nuestra cadena de buisqueda en Google Scholar fueron 896
articulos, que incluyen, como ya hemos comentado, tanto publicaciones indizadas en las
librerias digitales mas importantes en el area de Ingenieria del Software (incluidas ACM,
IEEE y Springer) como literatura gris publicada on-line en las Webs de las universidades
(informes técnicos, tesis de grado, maestrias, tesis doctorales, etc.). Una revisién preliminar
de los resultados nos permitié constatar que las publicaciones relevantes para nuestro
estudio se encontraban concentradas en los primeros puestos de la busqueda, por lo que

se decidi6 limitar el analisis méas exhaustivo de las mismas a los 300 primeros trabajos.

Nuestro segundo paso de btsqueda consistié en adaptar la cadena de busqueda a la
idiosincrasia de los buscadores especificos de ACM, IEEE y Springer. La ejecucion de la
bisqueda en estos motores especificos arrojé 99 resultados (ACM), 3136 resultados (IEEE)
y 317 resultados (Springer) respectivamente. Nuevamente, dado que los tres los buscadores
ordenan por relevancia de la publicacién, se analizaron los 100 resultados més relevantes
de cada buscador, lo que nos da un total de 599 publicaciones analizadas. En la Tabla 2—-1

se presenta un resumen de estos resultados.
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Tabla 2—-1: Resultados de la buisqueda antes y después de eliminar duplicados.

‘ Buscador ‘ Google Scholar ‘ ACM ‘ IEEE ‘ Springer ‘ Total ‘
Resultados de la Consulta 896 99 3136 317 4448
Trabajos analizados 300 99 100 100 599
Trabajos candidatos 187 76 52 39 354
Trabajos Relevantes 40 12 6 6 64
Coincidencias con Google Scholar — 9 1 4 14
Total Trabajos Relevantes 40 3 5 2 50

2.3. Filtrado de Estudios

El protocolo inicial de revisién definido para la seleccion de los estudios primarios se

ha formulado basado en los siguientes criterios de inclusién/exclusién:

Inclusién: libros, documentos, informes técnicos y la literatura gris que describe los
estudios empiricos sobre calidad o productividad en MDD, incluso aunque solo se tenga

acceso al resumen del mismo.
Exclusién:

1. Articulos que no reportan estudios empiricos acerca de las mejoras en calidad o pro-
ductividad cuando se utiliza una aproximacién MDD. Esto implica dejar de lado cual-
quier trabajo centrado en justificar la mera viabilidad de la propuesta (sin comprobacién
empirica de las mejoras que introducen en cuanto a productividad y calidad externa del
producto final).

2. Discusiones teoricas, revisiones y clasificaciones, asi como propuestas de modelos de ca-
lidad que no vienen acompanados de un estudio empirico.

3. Estudios que se centran en evaluar/mejorar la calidad de los modelos y/o transforma-
ciones que intervienen en las aproximaciones MDD, salvo que lo hagan en relacién a su
impacto sobre la calidad del producto final.

4. Estudios empiricos sobre aproximaciones MDD que estudian factores de contexto o datos
subjetivos (e.g. los que evalian los factores que influyen en su adopcién exitosa, opinién

subjetiva de desarrolladores, etc.).
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2.3.1. Fiabilidad del criterio de inclusién

Para evaluar la fiabilidad de los criterios de inclusién/exclusion de los estudios relevan-
tes, y por tanto incrementar las posibilidades de obtener resultados fiables e independientes
del evaluador, se seleccioné una submuestra de la poblacién, consistente en las 100 pri-
meras referencias arrojadas por la busqueda inicial en Google Scholar, lo que supone un
11,16 % de la poblacién total de los resultados arrojados por este buscador, y un 33 % de
los resultados finalmente analizados del mismo. Tras el establecimiento de los criterios de
revision, el titulo y el resumen de dichas referencias fueron utilizados para clasificar los tra-
bajos de manera independiente por dos revisores: E1 y E2. La fiabilidad inter-evaluador se
calculé mediante el estadistico Kappa de Cohen [19]. El grado de fiabilidad arrojado por el
estadistico fue satisfactorio (Kappa= 0,811; ver Tabla 2-2). Este grado de acuerdo indica
la existencia de una base de criterios suficientemente clara y que no denota divergencias
significativas entre los revisores [20].

Tabla 2-2: Tabla de Contingencia. 29¢ fase del proceso de inclusién/exclusién (titulo +
resumen)

E1l Total

0] 1
E2|0 8| 2 88
1] 2 |10 12

Durante la fase de conciliacion de diferencias entre los evaluadores resulto especial-
mente interesante constatar la poca homogeneidad en cuanto al formato de informes de
resultados empiricos, asi como el uso tan libre que se sigue haciendo de palabras como
“caso de estudio” o “experimento” en la literatura de Ingenieria del Software, a pesar de
las numerosas llamadas de alerta al respecto [20]. En la practica, esas palabras se refieren
en muchas ocasiones a meros estudios de viabilidad de la propuesta, lo que complica no-
tablemente la obtencién de resultados relevantes en una busqueda como la planteada en

el presente articulo.

Los criterios validados fueron aplicados a los resultados devueltos por los cuatro mo-

tores de busqueda utilizados como fuentes de datos para el mapeo sistematico. Finalmente
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se incluyeron en el estudio un total de 50 trabajos: 40 de ellos aparecian en los resultados
de Google Scholar, 3 en ACM, 5 en IEEE y 2 en Springer. En la Tabla 1 se presentan
los datos pormenorizados. Analizando dicha tabla se aprecia que el grado de coincidencia
de resultados entre el buscador genérico y los buscadores especificos apenas alcanza un
55 %, lo que demuestra la complementariedad de Google Scholar y el resto de motores
de busqueda [18]. Ademads, es interesante notar cémo IEEE aparece como la fuente de

informacion peor cubierta por Google Scholar (ver Tabla 2-1).
2.4. Definicion del esquema de clasificacion.

Una vez seleccionados los trabajos relevantes se definieron, en base a los objetivos del

estudio, tres tipos de clasificaciones (ver Figura 2-2):

Medidas evaluadas: de calidad de proceso (productividad) y de calidad de producto (fun-

cionalidad, fiabilidad, usabilidad, eficiencia, mantenibilidad, portabilidad). Esta tltima

clasificacién se basa en el modelo de calidad presentado en la norma ISO/IEEE 9126 [5].

= Tipo de estudio empirico realizado [21] [22]: caso de estudio, experimento, encuesta o
meta-analisis.

= Enfoques de investigacion: validacién en entornos controlados o evaluacién en entornos

reales [23].

Ademas, para cada estudio relevante se recopil6 informacién referente al ano de publi-

cacion y tipo de publicacion mediante el que fue diseminado.

Clasificacion

Esquema de “

Medida Tipo Estudio Enfoque de
Evaluadas Empirico Investigacian
I | 1 . A N
Calidad Externa Productividad Caso de Estudio \alidacion de la Investigacion
(IS0 9126-1) roductivida . y —
Experimento Evaluacion de la Investigacion
Encuesta
Funcionalidad Eficiencia heta-Analisis
Fiabilidad Mantenibilidad
Usabilidad Portabllidad

Figura 2-2: Esquema de clasificacién.
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2.5. Extraccién de datos y Mapeo sistematico.

Tras definir el sistema de clasificacion, el dltimo paso del mapeo sisteméatico consiste
en la extraccion de datos y el proceso de mapeo de las distintas dimensiones. El resultado
completo de esta actividad se muestra en el Apéndice 2.A. El resultado sintetizado de
nuestro estudio se puede observar de manera grafica en el diagrama de burbuja de la
Figura 2-3, que visualiza: (1) la relacién entre el tipo de estudio empirico y el estudio
de medidas de calidad impactadas por el uso del paradigma MDD y (2) la frecuencia de

estudios empiricos por anos de publicacion.

13 )3 )y s B 1 Gaso de Estudio 1) 50 58 [ 3 ) 8 s
\ N/ A = /
| \i/] (2] w Experimento (1) i\f/; [ 4 5 X1) & |
| 1) Encuesta 1
I \ \ :
i \‘I_‘J ;\1_/. 1\1_/' Meta Andlisis ‘..1_,.’ \1_/
|
o | B2 g 08 B2 28 2 # BaE B E £ @ o2
g6 3£ 8% 82 8¢ BL 83 8% ¥ 84 88 3% & 3% 28
§3| 2= B- AZ R® Br A~
5%, & £ 8 g g £
B | g > £ 8
o ; [ =

Figura 2-3: Diagrama de burbuja. Visualizacién del mapeo sistemético.

La Figura 2-3 ilustra basicamente dos diagramas de dispersién XY con burbujas en las
intersecciones de categoria, que permite tener en cuenta varias categorias al mismo tiempo
y da una visiéon general rapida de un campo de estudio, proporcionando un mapa visual
[15]. En esta visualizacion de los resultados, el tamano de una burbuja es proporcional al
numero de articulos que estan en el par de categorias que correspondan a la burbuja de las
coordenadas. Cuando un trabajo ha afectado mas de una categoria (e.g. un meta-anélisis
de mas de una caracteristica de calidad, o presentacion de m&s de un tipo de estudio
empirico), el trabajo ha sido contabilizado en todas las caracteristicas. De este modo, los
porcentajes dan una vision mas real sobre la cantidad de esfuerzo invertido en cada una

de las dimensiones de calidad incluidas en el estudio.
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De igual forma, en la Figura 2—4 se puede observar la distribucién de trabajos por tipo
de publicacién y por enfoque de investigacién. Del total de publicaciones incluidas en el
mapeo (50), 21 pertenecen a revistas, 20 fueron presentadas en conferencias y 9 provienen
de otros tipos de publicaciones como libros, tesis o informes técnicos. Por otro lado, 28
consistieron en validaciones en ambiente controlado, frente a 22 evaluaciones (en entornos

de uso real) del paradigma.

mrevista
m validacion
B conferencia
B cvaluacion
E otras
(a) por tipo de publicacién (b) por enfoque de investigacién

Figura 2-4: Diagramas Circulares. Articulos por tipo de publicacién y por enfoque de
investigacion.

3. Andlisis comparativo y discusion

A continuacién damos respuesta a las preguntas de investigacién formuladas en la

Seccion 2.1. a través de los resultados obtenidos.

PI1: Tras un anélisis pormenorizado de los resultados obtenidos, se puede apreciar que la
publicacién de estudios empiricos en el ambito de MDD presenta una tendencia al alza,
en consonancia con lo que esta ocurriendo en otros campos de la Ingenieria del Software.
Un indicador de esta tendencia es que aproximadamente 28 % de los estudios empiricos
realizados en MDD se concentran en el ano 2010. Los foros preferidos para este tipo de
trabajos son revistas (42 %), lo que indica la relevancia otorgada por los investigadores a
los resultados obtenidos. Otro dato interesante arrojado por el estudio es que, de las 599
publicaciones candidatas a ser incluidas en el estudio, solo 50 (un 8,3 %) cumplieron los
criterios para ser finalmente incluidas en el analisis, lo que, dado la especificidad de la
busqueda, por un lado demuestra el uso tan libre que se hace de los términos empiricos

en el area, y por otro es un indicador de la falta de madurez empirica de MDD, lo que nos
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lleva a pensar que puede ser pronto todavia para embarcarse en una revision sistematica
de dicha evidencia empirica. En caso de realizarse, los campos mas prometedores serian
el impacto de MDD en productividad y mantenibilidad.

PI2: La mantenibilidad (ver Figura 2-3) con un 21,31 % de los resultados centrados en
ella, es la caracteristica de calidad externa que mas ha sido investigada en el enfoque
MDD. No lejos se encuentran la eficiencia y la usabilidad, con un 16, 39 % cada una. El
resto de las medidas han sido estudiadas en menor escala, lo que plantea una oportunidad
para futuras tesis y trabajos de investigacién. Por otro lado, el estudio empirico de la
productividad, como medida de calidad del proceso de desarrollo (eficiencia de proceso)
ha tenido un auge representativo en los ultimos 3 afnios, con un 34, 43 % de los resultados
empiricos centrados en ella. Este dato parece sugerir que el trabajo empirico en MDD
se orienta a demostrar la calidad de proceso mas que la calidad de producto, lo que es
consistente con la preponderancia de reivindicaciones de mejora del proceso entre las
razones esgrimidas por los investigadores para la adopcion del paradigma.

PI3: Como se puede observar en la Figura 2-3, los casos de estudio y los experimentos
resultan ser los estudios empiricos con mayor predominio en las investigaciones actuales.
Este es un dato prometedor, ya que estos estudios, donde se mide lo que hacen los sujetos,
en lugar de medir lo que dicen que hacen, ofrecen un mayor grado de fiabilidad. Ademas,
es interesante constatar como la usabilidad ha sido estudiada exclusivamente mediante
experimentos, cuyos resultados son los mas fiables a costa de un alcance necesariamente
mas limitado.

PI4: En cuanto a los enfoques de investigacién maés utilizados, los numeros (ver Figura
2-4) indican que la mayoria de las investigaciones actuales sobre el uso del enfoque MDD
han demostrado la aplicabilidad de su propuesta a través de validaciones (estudios en
entornos sintéticos). En concreto, 28 publicaciones de las 50 (56 %) han utilizado este
enfoque, lo que aumenta la fiabilidad de los resultados pero no permite identificar con
exactitud los beneficios e inconvenientes de su aplicacion en entornos reales de desarrollo

(al contrario de lo que ocurre con la evaluacién de la investigacion) [23]. Ademas, durante
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el dltimo ano incluido en el estudio (2010) se ha incrementado la cantidad de estudios
evaluados empiricamente tanto en entornos sintéticos como en la industria (ver Apéndice
2.A, Tabla 2.A.1), lo que nos permite afirmar que la comunidad investigadora esté siendo
cada vez mas cuidadosa en propiciar investigaciones claras, reproducibles y con garantias

de aplicacion industrial.
3.1. Limitaciones del estudio

La principal limitacién de este mapeo sistematico es haber analizado sélo 599 publi-
caciones del total de 4448 resultados obtenidos a las consultas realizadas en los diferentes
buscadores (ver Tabla 2-1). Aunque esta decision sin duda perjudica la cobertura del estu-
dio, creemos que esta desventaja se ve paliada por el uso de los buscadores mas relevantes
del campo (Google Scholar, ACM, IEEE y Springer) y por la ordenacién que hacen dichos

buscadores de los resultados en funcién de su relevancia para la bisqueda.

La segunda limitacién, debida a la propia filosofia del mapeo sistemético, es la cali-
dad de los estudios incorporados. Esta limitacién se podria haber evitado realizando una
revision sistematica de dichos trabajos. Sin embargo, el bajo ntimero de publicaciones ver-
daderamente pertinentes (50), nos hace pensar que es todavia pronto para este tipo de

evaluaciones de calidad.

Otra posible limitacion de este tipo de estudios es la posibilidad de errar la clasificacion
por el uso ambiguo que hacen los autores de conceptos como, en nuestro caso, experimento
o caso de estudio. Relacionado con esto, hemos ratificado lo que ya advertian otros autores
[15] acerca de los resimenes de los articulos, que a menudo son enganosos y carecen de
informacion importante. En este estudio se ha limitado el impacto de estos dos riesgos
mediante una aproximacién conservadora al proceso de inclusion/exclusién de estudios,
que ha implicado la lectura de cuantas partes del articulo hayan sido necesarias hasta

poder resolver la duda de si incluir o excluir el estudio.
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4. Conclusiones y trabajos futuros

Es un hecho que los estudios empiricos en el area del MDD se han incrementado
sustancialmente en los ultimos anos, lo cual permite ya contar con ciertas evidencias del
impacto de este paradigma sobre la calidad y productividad de los productos de software,

més alla de resultados anecddticos.

Sin embargo, el porcentaje de estudios que realmente proporcionan evidencia empirica
acerca de mejoras de calidad y productividad en MDD sigue siendo muy bajo (solo la pro-
ductividad del paradigma ofrece un nimero de estudios comparativamente significativo),
lo que contrasta con otras disciplinas e incluso con otras areas de Ingenieria del Softwa-
re [24]. Por tanto, sigue siendo relevante enfatizar la necesidad de que la comunidad de
MDD dedique una cantidad sustancial de esfuerzo a la comprobacién empirica de sus ase-
veraciones que permita la posterior realizacién de revisiones sisteméaticas y meta-analisis

rigurosos.

De manera general, los resultados mas relevantes reportados por los estudios empiricos

relacionados con la productividad de MDD se pueden resumir como sigue:

= Los estudios que validan el uso de MDD en entornos académicos reportan una produc-
tividad de 2 a 9 veces superior a la obtenida con otros paradigmas de desarrollo [25].
La productividad puede llegar a ser hasta 20 veces superior segtin se va aumentando el
tamano del proyecto de desarrollo. Estos resultados contrastan con los reportados por
experimentos en entornos industriales [26], donde los resultados son mucho mas hete-
rogéneos, y van desde los que directamente reportan una pérdida de productividad de
un 10 % [27] a los que coinciden con los estudios académicos y reportan ganancias que
oscilan entre un 20 % y un 35 % de productividad [27] [28] [29] [30]. Como principal li-
mitacion a estos resultados, los informes en entornos industriales se basan en estudios
a pequena escala. Las principales razones esgrimidas para justificar las pérdidas de pro-

ductividad se relacionaban directamente con el uso de herramientas inmaduras y altos
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costos de modelado, que puede llegar a ser tan complejo como programar directamente
con un lenguaje tradicional de tercera generacion.

= Por otro lado, se ha constatado como el uso de herramientas, librerias especializadas, etc.
de soporte a MDD reduce la curva de aprendizaje y el esfuerzo de entrenamiento con
este paradigma, lo que a su vez incide en la productividad del paradigma [31].

= Existen evidencias de que el enfoque MDD presenta deficiencias a la hora de expresar
las reglas de diseno arquitectonicas de la aplicacion, lo que actiia en detrimento de la

productividad y la calidad de la aplicacién final [32].

Con respecto a la mantenibilidad, los articulos incluidos en este estudio reportan que
el tiempo necesario para evaluar el impacto de un cambio es substancialmente més corto
(con un decremento que, en los estudios revisados, ronda el 37 %) si se usa una visuali-
zacion grafica (base del MDD) en comparacién con una textual (no MDD) [33]. Ademas,
usando aproximaciones MDD completas para el proceso de mantenimiento se mejora ain
mas la mantenibilidad [34]. Estos datos contrastan en cierta medida con lo reportado en
[35], donde se expone que el uso de UML como lenguaje de modelado para tareas de
mantenimiento no tiene un impacto significativo en el tiempo necesario para realizar un
cambio, pues también se debe contar el tiempo para poner al dia la documentacién de
UML. Sin embargo, por lo que se refiere a la exactitud funcional de los cambios (intro-
duccién de errores en el software durante el cambio), UML ha demostrado un impacto
positivo a la hora de mejorar la calidad del c6digo, incluso si los desarrolladores no estan
muy familiarizados con su uso. Otros estudios [36] [37] [38] presentan experimentos para
medir el efecto del reuso, la complejidad y el acoplamiento de objetos en la mantenibilidad

del software, aunque sin comparar distintas aproximaciones:

= La reusabilidad del software aumenta en detrimento de la simplicidad y mantenibilidad
de algunos artefactos [36].
= Existe correlacion entre la complejidad de un diagrama y las facilidades de comprension

y modificacién del mismo [37].
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= De igual forma, el acoplamiento entre objetos esta fuertemente correlacionado con las
facilidades de comprensién y modificacién de expresiones OCL que pueden actuar como

aserciones en el cédigo final [38].

Si nos centramos en dominios concretos, una comparacion del Modelado Orientado
a Aspectos (MOA) vs la Codificaciéon Orientada a Aspectos, los estudios experimentales
y cuantitativos realizados en [39] reportan que las aproximaciones MOA generan una
aplicacion mas pequena, menos compleja y méas modular. Ademads, en algunos casos el

desarrollo basado en MOA acorta el ciclo de mantenimiento.

En cuanto al impacto de MDD sobre la eficiencia, funcionalidad, fiabilidad, usabilidad
y portabilidad, la literatura provee resultados en su mayor parte anecdoticos, poco contras-
tados, lo que hace muy dificil su generalizacién. Los estudios se centran principalmente en
presentar experiencias donde précticas especificas (una determinada herramienta, aproxi-
macion, técnica, modelo, etc.) han mostrado sus bondades a la hora de mejorar la calidad

del producto final.

A pesar de que nuestro estudio abarca el periodo comprendido entre los anos 2001 y
2010, el trabajo empirico en el campo sigue dando frutos, y en los tltimos meses se han
seguido publicando estudios empiricos relevantes para nuestra investigacion. En concreto,
en [40] [41] se ha estudiado el impacto de los factores sociales, técnicos y organicos en el
éxito o fracaso de la aproximaciéon MDD en la industria. Particularmente se han encontrado
una correlacion positiva entre un entorno con mejores conocimientos organizativos y mejor
comunicacion en el equipo de desarrollo y las variables de productividad y mantenibilidad
del proceso MDD, con un incremento de 66,7 % y 73,7 % respectivamente. También se
han recopilado datos que parecen sugerir que el uso de modelos en la comprension de
problemas con alto nivel de abstraccion incide en el aumento tanto de la productividad
(hasta un 72,2 %) como en la mantenibilidad (hasta un 73,4 %). Otras conclusiones de
estos estudios inciden en la importancia del entrenamiento y la educacién para alcanzar

las promesas de este paradigma.
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Con el mapeo sistematico presentado en este trabajo se han conseguido identificar
los principales trabajos de investigacién empirica publicados hasta el momento en los
principales foros cientificos. Este tipo de estudios es basico de cara a facilitar la apertura del
campo a nuevos investigadores. Ademas, este estudio ha puesto de manifiesto las enormes
posibilidades de trabajo en este campo para la comunidad de Ingenieria del Software
empirica con respecto al impacto del uso de aproximaciones basadas en el paradigma

MDD sobre la calidad tanto de producto como de proceso.

De especial relevancia resulta constatar los resultados tan dispares encontrados en
funcion de si los estudios han sido realizados en un entorno académico o industrial y,
sobre todo, en funcién del tamano del proyecto abordado. Otras variables que, hasta lo
que alcanza nuestro conocimiento, no han sido suficientemente consideradas y que podrian
influir en los resultados son los tipos de aplicaciones abordadas (e.g. si se tratan de apli-
caciones intensivas en datos, transaccionales, etc.) o la experiencia de los desarrolladores.
Por 1ltimo, sorprende no encontrar ningtin meta-analisis de productividad del paradigma,
pese a que si existen meta-analisis de otras variables con menos contribuciones. Pensamos
que esto es debido, por un lado, a la disparidad en cuanto a la calidad de los informes
publicados, que a veces presentan carencias que hacen imposible evaluar la calidad del
estudio y agregar los datos, y por otro a la heterogeneidad de los contextos y premisas
sobre las que se han construido los estudios, lo que igualmente complica su comparacién
y la agregacion de sus resultados. El uso de plantillas y paquetes experimentales estanda-

rizados ayudaria sin duda a paliar estos problemas y a agilizar la obtencion de datos de

calidad.
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MAINTAINABILITY OF WEB APPLICATIONS:
AN EXPERIMENTAL EVALUATION

El contenido de este capitulo corresponde con el siguiente articulo: Martinez,
Y., Cachero, C. and Matera, M. and Abrahao, S. and Lujdn, S. - Impact of
MDE approaches on the maintainability of Web applications: an experimental
evaluation. Proceeding of Conceptual Modeling ER 2011 : 30th International
Conference on Conceptual Modeling, Brussels, Belgium, October 31-November

3, 2011, pp 233 — 246.

El contenido de este capitulo fue divulgado en la conferencia internacional sobre mode-
lado conceptual (ER). Esta es una de las conferencias mds importantes en los datos y el
modelado de proceso, la tecnologia de base de datos, y las aplicaciones de base de datos.
Esta conferencia es un amplio foro de debate para investigadores y expertos industriales

interesado en todos aspectos de base de datos y diseno de sistemas de informacion.

ER es considerado como una de las conferencias mejor rankeadas, esta indizado en el
ranking ERA (The Excellence in Research for Australia) 2010 (categoria A) y tiene un
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Abstract. Model-driven Engineering (MDE) approaches are often
recognized as a solution to palliate the complexity of software
maintainability tasks. However, there is no empirical evidence of their
benefits and limitations with respect to code-based maintainability
practices. To fill this gap, this paper illustrates the results of an
empirical study, involving 44 subjects, in which we compared an
MDE methodology, WebML, and a code-based methodology, based
on PHP, with respect to the performance and satisfaction of junior
software developers while executing analysability, corrective and
perfective maintainability tasks on Web applications. Results show
that the involved subjects performed better with WebML than with
PHP, although they showed a slight preference towards tackling
maintainability tasks directly on the source code. Our study also
aims at providing a replicable laboratory package that can be used to

assess the maintainability of different development methods.

1. Introduction

It is well known that maintenance is the most expensive phase in the software life
cycle, absorbing between 45 % and 60 % [1] of total management costs. This situation has

led many researchers to focus on maintainability from different perspectives. On the one
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hand, unstructured maintenance postulates wading straight into the code of the target
application in order to make the necessary changes, normally with the aid of specialized
tools. Sometimes this process relies on -automatic- maintainability measures that operate
over the code of the target application [2]. On the other hand, structured maintenance
examines and modifies the design, and then -either manually or automatically- reworks
the code to match it. Many authors claim that structured maintenance is a more reliable

and efficient process than unstructured maintenance [3].

The Model Driven Engineering (MDE) paradigm goes one step further in the lane of
structured maintenance, and advocates the use of models and model transformations to
speed up and simplify the maintenance process. The MDE community claims several ad-
vantages over code-based maintenance processes, such as short and long term productivity
gains, improved project communication and defect and rework reduction [4, 5]. Unfortu-
nately, despite all these claims and the fact that MDE practices are maturing by the day,
practitioners still lack a body of practical evidence that soundly backs the purported main-
tainability gains due to the use of this paradigm [5, 6]. As Glass says, “We (practitioners)
need your help. We need some better advice on how and when to use methodologies” [7].
Such evidence can be provided in the shape of empirical studies - such as surveys, ex-
periments, case studies or postmortem analysis studies - that directly measure the effect
of the chosen paradigm on the developer performance and satisfaction [8]. Many authors
have written about the importance of providing empirical evidence in Software Enginee-
ring (SE) [9, 10]. Unfortunately, the percentage of empirical studies on maintainability in
MDE approaches is still very low, contrasting with other disciplines and even other areas
of SE [11]. This paper tries to fill this gap, and presents the results of a quasi-experiment
in which two groups of junior developers performed a set of maintainability tasks on two

Web applications.

The paper is structured as follows: Section 2 presents the rationale behind the selection
of WebML and PHP as typical examples of the two current paradigms (model-driven and

code-based) in Web applications development, as well as the definition of maintainability
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that we are using all along the paper, and how it has been assessed in the past in MDE
methodologies. This background sets the context for the definition of hypotheses and
variables in Section 3, together with the experimental design (subjects, instrumentation,
operation and data collection mechanisms). Section 4 presents the data analysis and an
interpretation of results that takes into account the identified threats to validity. Last,

Section 5 concludes the paper and presents some further lines of research.
2. Background

The last years have witnessed a continuous evolution in the scenario of Web applica-
tion development. A number of technologies have been proposed, fostering the adoption
of server-side and client-side languages for the Web. Within this plethora of proposals,
some technologies have been largely adopted by practitioners. Server-side scripting is one
such technology, through which the generation of HTML markup is achieved by means of
languages like JSP, PHP, and ASP.NET. Among them, numbers point at PHP as the most
popular server-side scripting language today [12]. Given such diffusion, in our experiment

we have chosen it as representative of the programming languages for the Web.

In parallel to the technology innovation line, the Web Engineering community has
devoted several efforts to the definition of MDE approaches [13], strongly characterized by
the adoption of conceptual models. Such approaches offer high-level abstractions, capturing
the most salient characteristics of Web applications, which can be used for the definition
of application models abstracting from implementation details. MDE also stresses the
importance of model transformations, leading to the automatic generation of the appli-
cation code starting from the high-level conceptual models. One of the arguments most
commonly brought forward in favor of MDE approaches is the “ease of maintenance”.
The commonly accepted (but scarcely proved) claim is that the adoption of model-driven
design techniques in the development of a Web application implicitly enhances maintai-
nability: requests for changes can be turned into changes at the conceptual level and then

propagated systematically down to the implementation code.
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Among the MDE Web development methodologies so far proposed, WebML (Web
Modeling Language) [14] outstands, due to its broad adoption both in academia and
industry. WebML is a visual language and development method for specifying the content
structure of a Web application and the organization and presentation of contents in the
form of hypertext. The main contribution of WebML is the proposal of a mix of concepts,
notations, and techniques for the construction of data-intensive Web applications, which
blends traditional ingredients well known to developers, such as conceptual data design
with the Entity-Relationship model, with new concepts and methods for the design of
hypertext, which are central to Web development. Therefore, the value of WebML lies not
in the individual ingredients, but in the definition of a systematic framework, also equipped
with a CASE tool® offering support for all the design activities and for the automatic code

generation.
2.1 The maintainability concept

Although many definitions for maintainability exist, perhaps the most commonly used
is the one provided by the ISO [15], that is, “the capability of the software product to be
modified”. Maintainability can be assessed through measures associated to the following

sub-characteristics:

= Analysability: Capability of the software product to be diagnosed for deficiencies or causes
of failure in the software, or for the parts to be modified to be identified.

= Changeability: Capability of the software product to enable the application of a specified
modification.

» Stability: Capability of the software product to avoid unexpected effects from modifica-
tions of the software.

» Testability: Capability of the software product to enable modified software to be valida-

ted.

SWebRatio - http://www.webratio.com



Impact of MDE approaches on the maintainability of Web applications: an experimental evaluation 109

s Compliance: Capability of the software product to meet the standards or conventions

relating to maintainability:.

In MDE environments not all these sub-characteristics are equally important, though.
Provided that the chosen MDE approach is mature enough (such as is the case of WebML),
we can safely assume testability and compliance: in an automated code generation envi-
ronment these issues are taken good care of during the code generation process. Therefore,
in this paper, we have centered on the first three sub-characteristics: analysability, chan-

geability and stability.

In relation to the changes that can take place during the life cycle of a system, some

authors also distinguish among four different modification types [16]:

Corrections: Corrective maintainability refers to the capability to detect errors, diagnose

the problems and fix them.

= [mprovements: Perfective maintainability refers to the capability to extend the software
according to new requirements or enhancements.

= Adaptations: Adaptive maintainability refers to the capability to modify the software in
order to cope with the effects of environmental changes.

= Preventions: Preventive maintainability refers to the software capability to support in-

ternal reengineering processes without adverse impact maintainability.

Some authors use a more coarse classification, and merely distinguish between correc-
tive tasks (corrections) and evolution tasks (which encompass improvements, adaptations

and preventions).

Based on these two characterizations of maintainability, our experiment includes three
types of tasks: analysability tasks, which cover the analysability subcharacteristic, and
corrective and perfective tasks, which cover the two most common changeability types.
These tasks have been assessed both objectively and subjectively. The perceived stability

of changes has also been measured.
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2.2 Maintainability assessment

The empirical assessment of maintainability activities in MDE methodologies has
been gaining momentum during the last years. This claim is supported by a systematic
mapping [17] that gathers the empirical evidence on software productivity and quality
gains due to the use of MDE approaches during the period from 2001 to 2010 [18]. In
this study, out of the 300 publications related to the impact of the MDE paradigm on
the product quality and process productivity, only 9 (that is, barely a 3%) focused on
maintainability. One of the conclusions of this systematic mapping is that the bulk of the
work on model-driven maintainability lies in the definition of prediction models of the
actual maintainability of the applications that are derived from the conceptual artifacts.
However, there is little evidence on the impact of model-driven development methodologies
on the performance and satisfaction of maintainability tasks. According to our systematic
mapping, out of the 9 maintainability papers, only [19] tackled this issue, and concluded
that the time to evaluate the impact of a change to the software was significantly shorter

(around 37 % shorter) in MDE than in code-based development environments®.
3. Description of the Experiment

Following the GQM template [20], our empirical study is aimed at analyzing WebML
and PHP for the purpose of evaluating model-driven against code-based maintenance
practices with respect to their performance and satisfaction from the point of view of
young developers and prospective adopters. The context of the study is two advanced SE
courses at the University of Alicante and the Politecnico di Milano, where both a code-
based Web development process, based on the PHP language, and a model-driven Web

development process, based on the WebML methodology, are taught.

The design of the experiment was based on the framework for experimentation in
SE suggested by [8]. The study was conducted as a laboratory blocked subject-object

quasi-experiment. The broad research questions addressed are:

5Due to space constraints, for a more detailed discussion about the results of the systematic mapping,
readers are referred to [18]
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RQ1: Is the maintainability performance (actual efficiency and actual effectiveness) of the
WebML methodology higher than the actual maintainability performance of a traditional,
code-based, methodology using PHP?

RQ2: Is the maintainability satisfaction (perceived ease of use and perceived usefulness)
of the WebML methodology higher than the maintainability satisfaction of a traditional,

code-based methodology using PHP?

These research questions are further explained and decomposed into research hypot-

heses next.
3.1 Variables and operational hypotheses

The independent variable of our study is the methodology used to perform the main-
tainability tasks: model-driven (WebML methodology) or code-based (tasks performed
directly over PHP code). Hence, the experiment defines two treatments: maintainability
tasks over WebML models and maintainability tasks over PHP code. The collected expe-

rimental data allow comparing the effects of both treatments.

The theoretical model underlying the definition of dependent variables and the for-
mulation of hypotheses of our experiment is presented in Fig. 3-1 [21]. According to this
model, the actual performance of the developers influences their satisfaction, and this in
turn contributes to their intention to use the method and, eventually, to its actual usage.
The actual performance is made up of two subcomponents: the actual effectiveness, which
in our experiment is measured through the precision and recall while performing tasks
with the methodology, and the actual efficiency, which is measured through the time that
it takes to fulfill the maintainability tasks. On the other hand, the satisfaction is also made
up of two subcomponents: the perceived ease of use, which in our experiment is measured
through a global satisfaction scale, and the perceived usefulness, which is measured th-
rough the perceived subjective complexity, certainty and stability experienced by subjects
while using the methodology to perform the maintainability tasks. All these measures are

further explained below.
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Figura 3—1: Theoretical model components and their associated experimental variables (adapted
from [21]).

It results that in our experiment there are two types of dependent variables for compa-
ring the treatments: performance-based (precision, recall and time) and satisfaction-related
(complexity, certainty and, in the case of corrective and perfective tasks, perceived stabi-
lity).

Maintainability tasks involve a set of actions on models or code. Some of these ac-
tions may be correct while others may be wrong, not contributing to the maintenance
problem at hand. Still, the subject may miss some actions that would be needed to com-
pletely solve the task. For this reason, inside the group of performance-based variables,
we have distinguished between maintainability precision (MP) and maintainability recall
(MR). Precision is defined as the percentage of actions correctly identified by the subjects
with respect to the total number of actions reported, while recall refers to the ratio bet-
ween the percentage of correct actions performed by the subject and the total number of
actions needed to completely solve the task. The third performance variable is maintaina-
bility time (MT), which is the time (in seconds) that it takes a subject to complete each

maintainability task.
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As perception variables, we have used the maintainability perceived complezity (MPCx),
the maintainability perceived certainty (MPCt), the maintainability perceived stability (MPSt)
and a maintainability (global) satisfaction scale (MS). Also, we have defined a global per-

cewed learnability (PL).

The hypotheses tested in the experiment, which have been defined based on the
existing empirical evidence found during the systematic mapping presented in Section 2,
and which cover the performance and satisfaction components of the theoretical model

presented in Fig. 3—1, are:

HAA (Actual Analysability): Analyzing maintainability issues over WebML models
allows for a better actual performance than analyzing them over PHP code.

HACC (Actual Corrective Changeability): Correcting errors over WebML models allows
for a better actual performance than correcting them over PHP code.

HAPC (Actual Perfective Changeability): Improving a Web application over WebML
models allows for a better actual performance than improving it over PHP code.

HPA (Perceived Analysability): Subjects feel that finding errors overWebML models is
less complex; they also feel more certain about the results.

HPCC (Perceived Corrective Changeability): Subjects feel that correcting errors over
WebML models is less complex and more stable than doing so over PHP code; they also
feel more certain about the results.

HPPC (Perceived Perfective Changeability): Subjects feel that introducing improve-
ments over WebML models is less complex and more stable than doing so over PHP
code; they also feel more certain about the results.

HS (Satisfaction): Generally speaking, subjects feel more satisfied when performing
maintainability tasks with WebML than with PHP.

HP (Learnability): Generally speaking, subjects believe that PHP is easier to learn than
WebML.
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3.2 Subjects

The experimental subjects of our study were two groups of Computer Science stu-
dents. The first group included twelve students enrolled in the “Internet Programming”
course in Alicante. The second group included thirty-two students enrolled in the “Web
Technologies” course in Milano, Italy. All the students aged between 22 and 24 years,
and they all had a similar background. The subjects were chosen for convenience, i.e.,
they were students enrolled in the corresponding courses during the second term of the
year 2009-2010. The necessary preparation for the experiment and the experimental tasks
themselves fitted well into the scope of the courses, as one of the course objectives was to

teach students how to maintain applications in PHP and WebML respectively.
3.3 Design and instrumentation

The geographical dissemination of students made necessary to design the experiment
as a between-subject experiment. Subjects in Milano used the WebML approach to per-
form the maintainability tasks and subjects in Alicante used PHP to perform the same
maintainability tasks over the same applications. For both parts of the experiment we used
two different sample applications to test the hypotheses: (1) a Concert application (adap-
tation of an example used in [22]) and (2) a Bookstore application (used in [23]). Subjects
inside each group were randomly assigned to either of these applications. To make the
results obtained in Alicante (with PHP) and in Milano (with WebML) comparable, the
PHP and the WebML experiment instruments were designed to be as similar as possible
in terms of both the layout of the information and the information content. Also, the ap-
plications were chosen to be of similar complexity, which was controlled by assuring that
both applications had a similar number of lines of code in PHP and, at the same time, a

similar number of conceptual constructs in WebML.
The instrumentation of the experiment consisted of:

» WebML Booklet (Instrument 1): for each application, a domain model (ER diagram)

and corresponding WebML hypertext schema, describing the Web interface.
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= PHP Booklet (Instrument 2): for each application, a domain model (Class diagram), an
application storyboard (to understand the file structure of the application) and the PHP

source files of the application.

These instruments are included in the replication package available at http://www.dlsi.

ua.es/~ccachero/labPackages/er2011 /labPackage.rar. Prior to the experiment, all the ins-
truments were tested in two pilot studies, one in Alicante and one in Milano, and the ob-
tained feedback was used to improve the understandability of the experimental materials.
We also want to stress that the PHP applications exactly corresponded with the applica-
tions generated from the hypertext schemas in WebML. Therefore, the results obtained
with both procedures can be compared, as both groups received the same applications,

albeit in different formats.
The experiment had the following structure:

1. Subject instruction sheet.

2. Pre-experiment questionnaire: it included demographic questions as well as questions
about subjects’ previous experience with Web application development, Web program-
ming and application modelling.

3. Experimental tasks: For each treatment, two modalities (A and B), each one featuring a
different application. Each modality included an analysability, a corrective changeability
and a perfective changeability task. Each task was accompanied by a post-task question-
naire which assessed the perceived usefulness of the methodology (see Fig. 3-1) while
performing the task (usersatisfaction with the results achieved) through three measures
(complexity, certainty and stability), each measured on a 5-point Likert scale. The tasks
were exactly the same across treatments (that is, Modality A of the WebML treatment
was exactly the same as Modality A of the PHP treatment, except for the treatment).

4. Post-experiment questionnaire: it included a semantic-differential scale that required de-
velopers to judge the application on 11 pairs of adjectives describing satisfaction with
the development methodology. This scale assessed the perceived ease of use of the met-

hodology (see Fig. 3—1), and showed a high degree of reliability (o = 0,861).
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Based on this scale, the ease of use index was computed averaging scorings for the
items. The post-experiment questionnaire also included an item gathering the subjects’

impression on the learnability of the treatment they had applied to perform the tasks.
3.4 Operation and data collection procedures

In both groups, all the subjects performed the experiment during the last session of
the course. In this way we controlled that they had received the same amount of training
on the treatment they were going to apply. We are conscious that 30 hours of course (many
of which are devoted to theoretical issues, not directly related with the treatment) is not
enough to master a development process, although it was equal for both groups. Also, most
of the students assigned to the PHP treatment in Alicante had worked with PHP before
the training course, which was not the case with WebML students in Milano. Therefore,
our group of Milano students approaches a sample of novice software modelers, while the
group of Alicante students approaches a sample of intermediate programmers. This is an
internal threat to the validity to the study that has conditioned our interpretation of the

results, as we will see in Section 4.

The operation phase for each group of the experiment was defined as follows. First,
the students filled in the pretest questionnaire. They chose a nickname that was used
for the remaining parts of the experiment, so that they were sure that the results were
not going to be used to grade them in any way. Then, half of the students received the
Modality A, where the presented application was the concert application, and half of them
received the Modality B, where the presented application was the bookstore application.
In both modalities the user had to perform a set of analysability, corrective and perfective
changeability tasks. Also, they had to subjectively rate the complexity of each task, as well
as their perceived certainty and stability of their solution. Last, they received a post-test
questionnaire, where they expressed their satisfaction with the treatment and their general

perception of the methodology learnability (based on the training sessions).



Impact of MDE approaches on the maintainability of Web applications: an experimental evaluation 117

To maintain the comparability of the data collected during the experiment, no feed-
back was given to the subjects on their performance with the tasks. We also controlled
that no interaction whatsoever between participants occurred. The experiment had a time
limit (2 hours). Although the time needed to complete the experiment was checked with
the pilot tests, we are conscious that this time limitation may introduce a ceiling effect

that we have also taken into account when interpreting the results.

The performance-based variables were collected using data collection forms. These
forms recorded the errors found (for analysability tasks) and the corrective and perfective
actions needed (for corrective and perfective changeability). Also, forms included the time
spent on each task (controlled by the experiment instructor) and the subjective opinion

of the students, both regarding each task and regarding the global methodology.
4 Data analysis and interpretation of results

Due to space constraints, the tables containing the descriptive statistics for the set of
measures taken for the different maintainability task types (analysability, corrective chan-
geability and perfective changeability) are available at http://www.dlsi.ua.es/~ ccache-
ro/labPackages/er2011/descrStats.pdf. In the remainder of the paper particular values

from these tables are commented when necessary.
4.1 RQ1: Actual efficacy of treatments

For the sake of the reliability of the statistical analysis results, and due to the relatively
low number of subjects on the PHP group, we chose to apply the Mann-Whitney U non
parametric test, which makes no assumptions about normality of distributions. All the
analyses were performed with the PASW Statistics application, v187. It is important to
note that not all the tasks were filled in by all the subjects, which is the reason why the

different hypotheses testing procedures may present different degrees of freedom.

We first tested the HAA hypothesis, which is related to the precision, recall and time

of subjects while detecting errors in the systems using each of the two treatments.

"PASW - http://www.spss.com/software/statistics/
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The result of the test show that both groups differ significantly in precision (U(41) =
80,5; Z = —3,011; p = 0,003) and time (U(41) = 345,5; Z = 4,609; p < 0,001), and that in
both cases the WebML group showed a better performance than the PHP group. However,
the analysability recall (that is, the number of actual errors found out of the total number
of errors) was not significantly different (U(41) = 170; Z = —0,286; p = 0,775). Otherwise
stated, performing analysability tasks on WebML seems to speed up the identification of
errors, and to avoid misclassifying a feature in the application as an error. However, it

does not seem to significantly help to detect the errors in the application.

We then tested the hypothesis HACC, which is related to the precision, recall and
time of subjects while correcting actual errors in the systems using each of the two treat-
ments. The result of the test show that, again, both groups differ significantly in precision
(U(40) = 104; Z = —2,163;p = 0,031) and time (U(39) = 252; Z = 2,484;p = 0,013).
The WebML group shows again a better performance than the PHP group. However, the
corrective changeability recall (that is, the number of actual errors corrected out of the
total number of errors) was not significantly different (U(40) = 132; Z = —1,31;p = 0,19).
Otherwise stated, performing corrective changeability tasks on WebML seems to speed up
the correction of errors, and to avoid proposing corrections that do not actually correct
anything. However, it does not seem to significantly help to correct the actual errors in

the application.

The last hypothesis we tested was HAPC, which related to the precision, recall and
time that took subjects to introduce perfective modifications in the applications. There
were not significant differences between the mean WebML changeability precision and the
mean PHP changeability precision (U(40) = 137,5; Z = —1,22;p = 0,222). Similarly, the
perfective recall (percentage of actions that actually contributed to successfully implement
the change) was not significantly higher in WebML than in PHP (U(40) = 165; 7 =
—0,283;p = 0,777). However, subjects were again significantly quicker performing the
improvements in WebML than in PHP (U(40) = 336; Z = 4,647;p < 0,001).
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Since, as we have aforementioned, WebML subjects were novice developers, while
PHP subjects had a higher level of experience, we can rely more heavily on the found
significant differences in performance (all pointing at WebML having a higher performance
than PHP for maintainability tasks): had WebML subjects had more experience with the
methodology, the only natural evolution of the measures would have been towards making

differences larger in favor of WebML.
4.2 RQ2: Perceived efficacy and satisfaction of treatments

For all the statistical analysis, we again performed a non-parametric Mann-Whitney

U test.

Regarding HPA, the result of the test shows that both groups differ significantly
in subjective complexity assessment (U(37) = 84;Z = —2,195;p = 0,028) but not in
subjective certainty assessment (U(37) = 92; 7 = —1,871;p = 0,061). Otherwise stated,
the subjects regard working on models as simpler than working on code, but they feel

equally (un)secure about the errors they identify.

Regarding HPCC, users felt that changes were slightly less complex when using PHP
(U(36) = 140; Z = —0,179; p = 0,858), although this difference was not significant. Al-
so, users felt slightly more certain about their changes in WebML (U(36) = 125;7 =
—0,355; p = 0,723). Last but not least, since in this case users were actually changing the
application, we could ask about their feeling of stability. Users felt the stability of the
system to be significantly better preserved when using PHP (U(36) = 224; Z = 3,152;p =
0,002). Otherwise stated, users seem to feel more sure about what needs to be done when
using WebML, but they seem to feel more 'in control’ of the changes when they directly

work on code.

Regarding HPPC, WebML was considered slightly simpler to introduce perfective
changes than PHP, although the statistical test showed no significance (U(37) = 105; Z =

—1,55;p = 0,121). On the contrary, subjects using PHP felt slightly more confident about
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the correctness of the changes introduced, although, again, the difference was not signi-
ficant with respect toWebML subjects (U(37) = 187,5;Z = 1,31;p = 0,19). Regarding
stability, both groups showed very similar levels of confidence on the stability of the solu-

tion (U(36) = 136,5; Z = 0,053; p = 0,958).

Regarding HS, as we have aforementioned, the post-tests questionnaire included a
scale of satisfaction with the technique. The satisfaction indexes with both treatments
were compared by a t-test. Results showed a non-significant effect of the methodology
(t(38) = —0,208;p = 0,836). On average, evaluations were moderately positive for both

methodologies, with a mean difference of 0.06 slightly favoring the PHP group.

Last but not least, we tested HP; the global satisfaction index (measured through the
satisfaction scale) is highly correlated to the measure (a direct item) assessing learnability
of the methodology (r = 0,663;p < 0,001). This suggests that the easier the methodology

was perceived to be, the better it was evaluated.
4.3 Threats to Validity

The analysis of the threats to validity evaluates under which conditions our experi-

ment is applicable and offers benefits, and under which circumstances it might fail [24].

Threats to Conclusion Validity refer to the relationship between the treatment
and the outcome. In our experiment we have used the number of lines of code to control
the application size. This measure is generally preferred over functional points due to
its higher reliability [8]. Additionally, statistical tests have been chosen conservatively,
without making any kind of assumption on variable distributions. However, given the
limited amount of time that students had to fulfil the experiment questionnaire, it is
possible that the subjects have felt a pressure that may have affected the data. This
notwithstanding, since both treatment groups suffered from the same time restrictions, we

can assume that such effect, if present, has affected all the levels of the treatment equally.

Threats to Internal Validity are concerned with the possibility of hidden factors

that may compromise the conclusion that it is indeed the treatment what causes the
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differences in outcome. In our case, the students belonged to different countries, which may
bias the results. We limited the effect of the lack of randomization of subjects assigned to
treatments by assuring that the mean age for the WebML group of students (M = 22,47)
was not significantly different from the mean age for the PHP group of students (M =
23,17). Also, we assured that they had been enrolled in a similar number of courses on
related modelling/programming topics, and had developed a similar number of WebApps
(M(WebML) = 3,93; M(PHP) = 4,25; t(27) = —0,183; p = 0,18). Only the experience
with code could not be controlled (M (WebML) = 7,27; M(PHP) = 69,27).

This difference can be explained by the structure of the degrees in universities, which
still today mainly focus on programming more than modelling skills. We tried to diminish
the effect of different facilitators running the experiment in the two locations by com-
piling an instruction sheet that avoided unintended differences in the conditions of the
experiment. Another threat to the internal validity of this study is related with the instru-
mentation. Since precision and recall measures had to be manually computed by different
evaluators (each one an expert in WebML and PHP respectively), there is a risk of the
criteria being applied differently to each group. We have tried to avoid this risk by defining

a clear taxonomy of errors that were agreed upon before the evaluation.

Threats to Construct Validity refer to the relationship between theory and ob-
servation. In this sense, both the treatments and the measures used to assess the main-
tainability have been previously widely used in literature. This notwithstanding, there are
still some risks we need to be aware of. First, we have used similar size applications, all
belonging to the same domain (monomethod bias). Therefore we cannot generalize the
results to applications of different sizes or different domains. Second, we have observed a
positive outcome between maintainability and WebML, but we cannot assure that using
WebML does not hamper other quality characteristics (restricted generalizability across

constructs).
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Last but not least, Threads to External Validity are concerned with generalization
of the results. In our case, the fact that we have used undergraduate students, that is, sub-
jects without experience in business, as well as the particular methodologies and languages
we have used, constitute a limited environment. The latter is an unavoidable risk for this
kind of experiments, in which subjects need to use a predefined approach to perform the
tasks. The easiest way to minimize this threat is through replication of the experiment with
different languages and MDE approaches. For this purpose, the replication package of this

experiment can be found at http://www.dlsi.ua.es/~ ccachero/labPackages/er2011.rar.
5 Conclusions

Generally speaking, the use of MDE engineering approaches such as WebML improves
the precision and time it takes to perform analysability, corrective and perfective maintai-
nability tasks. Also, junior developers, with a stronger experience in coding rather than
on modeling, perceive maintainability tasks over models as simpler. This notwithstanding,
subjects still rely more on their maintainability outcomes (certainty and perceived stabi-
lity of the solution achieved) when they perform the maintainability tasks directly over
PHP code. One reason for this result can be still the major confidence about code hold
by the users involved in our experiment. This certainty and perceived stability however

slightly tips the satisfaction balance in favor of code-based approaches.

Our results augment the repository of empirical data comparing maintainability per-
formance and satisfaction of MDE methodologies with respect to traditional code-based
approaches. The laboratory package that accompanies our research allows for replications
with the same or different methodologies, languages, applications and subject profiles.

Such replication is at the base of our future research.
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Abstract. BACKGROUND: Model-Driven Engineering claims a
positive impact on software productivity and satisfaction. However,
few efforts have been made to collect evidences that assess its true
benefits and limitations.

OBJECTIVE: To compare the productivity and satisfaction of junior
Web developers during the development of the business layer of a
Web 2.0 Application when using either a code-centric, a model-based
(UML) or a Model-Driven Engineering approach (OOH4RIA).
RESEARCH METHOD: We designed a full factorial, intra-subject
experiment in which 26 subjects, divided into five groups, were
asked to develop the same three modules of a Web application, each
one using a different method. We measured their productivity and
satisfaction with each approach.

RESULTS: The use of Model-Driven Engineering practices seems
to significantly increase both productivity and satisfaction of junior
Web developers, regardless of the particular application. However,
modeling activities that are not accompanied by a strong generation
environment make productivity and satisfaction decrease below
code-centric practices. Further experimentation is needed to be able
to generalize the results to a different population, different languages

and tools, different domains and different application sizes.
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1. Introduction

It is a well known fact that the Web Engineering community advocates the use of
models in order to improve software development processes for Web applications. However,
there are many issues around modeling that are, as of today, cause of controversy and
heated debates: to which extent should practitioners model? Which should be the level
of detail of these models? Should practitioners strive to maintain the models current, or
should these models be disposable? These and others are open questions whose answer
currently partly depends on the development culture of the person asked, and partly on the
context in which such practices are being adopted. In this respect we claim that, instead,
the decision about which is the adequate application of software modeling practices should
be answerable based on objective data regarding its impact on well-known process and
product quality dimensions. From these dimensions, productivity, defined as a ratio of
what is produced to what is required to produce it, outstands, due to its impact during
the selection of a development process in industry [1]. Also, satisfaction is an important
aspect of quality, since, being software development a human process, the developer’s

satisfaction is a key factor for the successful adoption of such practices [2].

One quite well-known way of classifying modeling practices in industry is according
to the extent to which modeling is used to support the development process. Fowler [3]
describes three different modes in which modeling languages (and the UML in particular)

can be used: sketch, blueprint and programming language.

» Sketches are informal diagrams used to communicate ideas. They usually focus on a
particular aspect of the system and are not intended to show every detail of it. It is
the most common use of the UML, and the recommended practice in agile, code-centric
frameworks like Scrum. When models are used as sketches, tools are rarely used, the
modeling activity being mostly performed in front of blackboards where designers join to
discuss complex or unclear aspects of the system. They are most useful in code-centric

approaches, where the objective is to develop self-explaining code.
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= Blueprints are diagrams that show most of the details of a system in order to foster
its understanding or to provide views of the code in a graphical form. Blueprints are
widely used in Model-Based Development (MBD) practices, such as the ones promoted
by frameworks such as the Rational Unified Process (RUP).

= Last but not least, models can be used to fully characterize the application. If such is
the case, the diagrams replace the code, and they are compiled directly into executable
binaries. This is the modeling use that lies at the core of Web Engineering Model-Driven

Development (MDD) approaches.

This classification has led some authors to characterize the modeling maturity level
of organizations based on the role of modeling in their software development process, from
manual, code-centric, to full, Model-Driven [4]. While code-centric development methods
require - at most - an informal use of modeling techniques and languages, both MBD and
MDD require a formal use of models, which mainly relies on the use of Computer Aided
Software Engineering (CASE) tools. These tools may offer not only modeling environments
- including model checkers that may assure syntactical correctness, semantic accurateness,
consistency or completion of models, to name a few desirable model characteristics - but
also partial or even complete software generation environments that, in the case of MDD

CASE tools, are based on model transformations.

Both MBD and MDD tools work under the assumption that designing models that
can generate partial or complete code is much simpler and quicker than actually writing
such code. This same view is sustained in MBD and MDD related scientific literature. Such
literature claims that the two most outstanding advantages of MDD over code-centric or
even MBD approaches are (a) short and long term process productivity gains [5] and (b)
a significant external software product quality improvement [6-8]. These advantages are
justified in literature by the higher level of compatibility between systems, the simplified
design process, and the better communication between individuals and teams working
on the system that the MDD paradigm fosters [9]. However, neither the MBD nor the

MDD research community have yet been able to provide practitioners with a sufficient
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body of practical evidence that soundly backs the purported gains of their recommended
modeling practices with respect to code-centric approaches [10, 11]. Many authors have
written about the importance of providing empirical evidence in software engineering [12]
but, unfortunately, the percentage of empirical studies -be them surveys, experiments, case
studies or postmortem analysis [13]- that provide data to illustrate the impact of MBD and
MDD approaches over different quality characteristics (such as productivity or satisfaction)
is still very low, which hampers the generalizability of the results. In order to guarantee
such generalizability, we also need to take into explicit consideration many factors that may
affect these characteristics, such as tool usage, adaptation of the development methodology
to the idiosyncrasy of the particular development team, type, complexity and size of the
project, and so on. This situation contrasts with other disciplines and even other areas of
Software Engineering [14], and it is often mentioned as one of the causes that explain the

low adoption level of modeling practices by the practitioner’s mainstream [15].

Given this situation, the aim of this paper is to augment the repository of empirical
data that contributes to giving a scientific answer to the following research question: What
is the impact of the development method (be it rooted in a code-centric, an MBD, or an
MDD paradigm) on the productivity and satisfaction of junior developers while developing

Web 2,0 applications?

In order to answer this question, Section 2 describes some previous studies that center
on the impact of MBD and MDD practices on process productivity and satisfaction with
respect to traditional code-centric practices. Section 3 outlines our experiment design, and
analyzes its results and threats to validity. Finally, Section 4 presents the conclusions and

further lines of research.
2. Background

Although still scarce in number and not always systematically performed [16], in the

last years we have witnessed an increase in the number of empirical studies that provide
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empirical data regarding the impact of MBD and MDD practices on the productivity and

satisfaction of software development teams.

Regarding MBD, in [5] initial evidence is provided about the use of models and tools
as an effective way to reduce the time of development and to improve software development

variables such as productivity and product quality.

Regarding MDD, there is a number of experiments where productivity of developers
using different methods -some model-driven, others code-centered- was measured [10, 17-
21]. The conclusion in all these studies is that, as projects grow larger, the use of MDD
development practices significantly increases productivity (results ranging from two up to
nine or even twenty times, depending on the study). The only evidence contradicting these
findings is an industrial experience presented in [15]. In this paper, the authors reported a
set of studies that showed contradictory results, with both software productivity gains and
losses, depending on the particular study. They explained the found productivity losses by
pointing at the use of immature tools and high start-up costs. Also, these studies showed
that modeling was considered to be an activity at least as complex as programming with

a traditional third generation language.

Last but not least, although most of the aforementioned studies include some kind
of global satisfaction score, there are few studies that center on the developers’ subjecti-
ve perceptions while applying different methods. In [22], the author empirically assessed
the satisfaction of an MDD method (called MIMAT) that includes Functional Usability
Features (FUFs) in an MDD software development process. The study concluded that the
users’ satisfaction improves after including FUFs in the software development process. Our
experiment does not center on the impact of a method enrichment, but compares different

methods with respect to the developer’s satisfaction and productivity.

Next, we present the quasi-experiment that we have performed to test the impact of
three methods, each one an example of a code-centric, an MBD and an MDD approach

respectively, on the productivity and satisfaction of junior software developers.
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3. Description of the Experiment

During the months of January and February 2011, a quasi-experiment was conducted
at the University of Alicante. A quasi-experiment differs from a true experiment in that
subjects are not randomly chosen. Quasi-experiments, although suffering from a lower in-
ternal validity, are widely used and deemed useful in the Empirical SE field, since they
allow investigations of cause-effect relations in settings such as ours, in which randomiza-

tion is too costly [23].
3.1 Goals and context definition

Following the GQM template [24], our empirical study is aimed at analyzing three
methods, one representative of the code-centric paradigm, one representative of the MBD
paradigm and one representative of the MDD paradigm, for the purpose of comparison
with respect to their productivity and satisfaction from the point of view of junior software
developers. The context of the study was a set of M.Sc. students developing the business

layer of a Web 2.0 application.

The design of the experiment was based on the framework for experimentation in SE
suggested by [13]. The whole data set is included in the replication package available at

http://www.dlsi.ua.es/~ccachero/labPackages/Productivity.v1l.rar.
The research questions addressed in this study were formulated as follows:

RQ1: Is the team’s productivity significantly different among methods, regardless of the
particular module being developed?
RQ2: Is the developer’s satisfaction significantly different among methods, regardless of

the particular module being developed?
These research questions were devised to be answerable by quantitative means.

Subjects and application The initial group of subjects were 30 students of the Web
Applications Developer Master at the University of Alicante. These students were divided

into six teams of 4 to 6 people. From them, the data corresponding to Team 6 had to be



Evaluating the impact of a MDWE Approach on the Productivity and the Satisfaction of SW Development Teams 133

dropped due to some of their components abandoning the Master for work reasons soon
after the experiment had started. Therefore, the final set of observations corresponds to
the observations of the remaining five groups (26 subjects). Since the abandonment of the
group had nothing to do with the application being developed, the treatments that the
group were applying to his project nor the particular order in which they were applying
them, we can assume that the results of the experiments have not been compromised.
The final sample comprised 25 men and 1 women, of whom 75 % had more than 2 years of
professional experience as developers of web applications. The mean age of the participants
was 25, 6 years old and all of them were Computer Engineering graduates of the University

of Alicante.

Regarding the subjects’ level of knowledge with respect to the different technologies
and methods used during the experiment, a questionnaire showed that 81 % knew UML,
and that another 12 % considered that they had a high-level of knowledge of UML. It
should also be noted that 76 % of the subjects had previously programmed with VS and
NET during their degree courses, although only 12 % had applied them in industry. Fi-
nally, the subjects acknowledged no previous practical knowledge of MDD, although 56 %
of them were aware of the existence of the paradigm. By the time the experiment took
place, the subjects had received additional training in all three methods. Such training
consisted in 30 hours of training in programming in C'# using Visual Studio 2010, 20 hours
of training in UML modelling with RSM and 10 hours of training in modelling with the
OOH4RIA tool.

Each of the five groups developed a social media application for a different domain:

= Trips: the social network for this domain is focused on establishing relationships between
people who want to reduce travel costs by sharing their own cars.

= Fvents: the social network for this domain is centered on organized social events.

= Hospitals: the social network for this domain aims at improving the communication

between physicians and patients.
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» Academics: the social network for this domain focuses on connecting and sharing teaching
contents among teachers and students.
s Facework: the social network for this domain helps workers to share information about

different tasks, resources and goals of the company.

All the applications shared the same complexity, which was controlled by defining a
set of functional features that all the applications had to support, regardless of the domain.

From them, the three functional features that were included in our experiment were:

= Support for the establishment of a community of users (from now on Group) to create
contents and relationships among people of different environments (professional, personal,
etc., depending on the particular application being developed).

= Support for the organization of events (from now on Events) where people can invite
their friends or colleagues to attend to a place where the event is realized (the particular
event being a celebration, a work meeting, etc. depending on the particular application
being developed).

= Support for an organizational community (from now on Organization) where subjects (be
them companies, celebrities, etc., depending on the particular application) can publish

content, photos, etc. in a unidirectional way to the social network.

Each one of these functional features was designed as a module. In order to further
control the complexity of each module, we strictly defined their architecture, which was
based on four main layers: the Business Objects layer (BO), the Data Access Objects layer
(DAO), the Data Transfer Objects layer (DTO) and the Database layer (DB). In this way,
it was possible to standardize to a certain point the code that had to be developed and
facilitate its measurement. Although we are conscious that such strict architecture may
hamper the external validity of the experiment, this factor was kept constant across the
three treatments, in order to preserve the comparability of the results. The subjects were
asked to implement each module following a different method. The time assigned for the

implementation of each module was two weeks.
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In order to develop the different projects, the students had to follow the Agile Unified
Process (Agile UP) methodology [25], a streamlined approach to software development
that is based on the IBM’s Rational Unified Process (RUP) [26]. The Agile UP lifecycle
is serial in the large, iterative in the small, and delivers incremental releases over time.
Specifically, our experiment was situated in the construction phase of Agile UP, which is
focused on developing the system to the point where it is ready for pre-production testing.
The construction phase is made up of a set of disciplines or workflows that groups different
tasks of this process. These disciplines, together with the impact of modelling practices on
each of them depending on the paradigm, are presented in Table 4-1. All the students had
previously developed at least one application with Agile UP, and they had an additional

10-hour training period to refresh the main concepts.

Tabla 4-1: Degree of automation of Agile UP disciplines by development paradigm.
| Discipline | Code-Centric(.NET) | Model-Based(RSM) | Model-Driven(OOH4RIA) |

Model Sketch or absent Blueprint Fully-fledged (DSL)
Implementation Manual Semi-automatic Automatic
Test Manual Manual Semiautomatic

Implementation Language and Case Tools
The development environment for the experiment was set up as follows:

s Code Development Environment: NET framework and NHibernate (Object-Relational
Mapping).

s IDE (Integrated Development Environment) Development Tool: Visual Studio 2010.

= Languages: C# and the Extensible Application Markup Language (XAML).

= MBD Modeling Environment: Rational Software Modeler (RSM).

= MDD Modeling Environment: OOH4RIA IDE.

= Other tools: Subversion 1.6 (SVN), Jira (Issue Tracking) and Survey Monkey (for ques-

tionnaires).
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The code-centric treatment relied solely on the development enviroment provided by
the Visual Studio 2010 and the use of external tools that permit to manage the collabo-
rative work (Subversion). On the other hand, the MBD treatment required the students
to work with the UML class diagram of the RSM tool. Last but not least, for the MDD

treatment the students worked with the OOH4RIA approach [27].

Students were scheduled to work on these three modules during six weeks along the
months of January and February 2011. By this time of the year, the students had already
gone through most of the topics of the master, and had gathered a substantial amount
of experience with the different tools and the development environments. The experiment
defined a tight timetable of deliverables, one every two weeks. Each deliverable consisted
of a set of source files and a domain model. The source code had to contain four specific
file types: the Business Object files (BO), the Data Access Object files (DAO), the Data
Transfer Object files (DTO) and the Database files (DB). The teams were continuously
monitored by a Master instructor whose role in the experiment was to look after the
quality of the data gathered, both in class and off-line through the Jira and the SVN

report systems.
3.2 Experiment Planning

Given the low number of development teams available, and in order to facilitate the
detection of method impact by controlling the variability among subjects, the experiment
was conceived as an intra-subject design. The combination team-module- approach was
defined using a Factorial Design [28, 29] (see Table 4-2). This kind of design avoids order
effects and can provide some unique and relevant information about how variables interact
or combine in the effect they have on the dependent variables. Also, this design eliminates

any possible order effect. Teams were randomly assigned to each treatment order.

In order to answer the research questions presented in Section 3.1, we have defined

the following independent (experimentally manipulated) variables (IV) or factors:
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Tabla 4-2: Diseno experimental: diseno factorial e intra-sujetos.

‘ Equipo-Modulo ‘ Aplicacion ‘ Grupo ‘ Eventos ‘ Organizacion ‘
1 Trips code-centric MBD MDE
2 FEvents code-centric MDE MBD
3 Hospital MBD MDE code-centric
4 Academics MDE MBD code-centric
5 Facework MBD code-centric MDE
6* Automobile MDE code-centric MBD
Group marked with * did not finish the experiment.

Meth: Method, a categorical variable with three levels: code-centric, MBD, MDD. It is
important to note that, in this experiment, when we refer to method we are in fact talking
about a compound variable (method*tool), due to the coupling of these two variables in
our experimental settings.

= Mod: Module, a categorical variable with three possible values: Groups, Events, Organi-

zation.
The Dependent (measurable) variables (DV) are:

s P(Meth, Mod), a ratio variable that measures the productivity of the team with each
method and module.
= S(Meth,Mod), an interval variable, based on a 7-point Likert scale, that measures the

satisfaction of the developers with each method and module.
The DV have been measured through the following collection procedures:

. To measure Productivity we measured both the development time and the size of the
modules developed by each team.
= Development time: The student had to document the time of each development
activity through the JIRA tool.
= Module size: We measure the size of the code produced by students in source lines
of code (SLOC). SLOCs come in handly to express the size of software among
programmers with low levels of experience [30]. We automated the obtention of this

measure through the Line Counter [31] tool.
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2. To measure Satisfaction we defined a satisfaction scale (SS) made up of eleven items,

where each one was based on a 7-point Likert rating scale.

These measures have been used to test the following testable hypotheses, which are
based on the research questions and the existing empirical evidence presented in Section

2:

» Productivity Hypothesis (PH): Prod(MDD) > Prod(MBD) > Prod(code-centric). De-
veloper teams are significantly more productive with the MDD method, followed by the
MBD method, followed by the code-centric method.

= Productivity-Module Interaction Hypothesis (PMIH): P(Module*Meth)< 0,05. The ef-
fect on P of the particular module to which the method is applied is insignificant com-
pared to the effect of the method.

= Satisfaction Hypothesis (SH): Satisf(MDD ) > S(MBD) > S(code-centric). Developers
are significantly more satisfied with the MDD method, followed by the MBD method,
followed by the code-centric method.

= Satisfaction-Module Interaction Hypothesis (SMIH): S(Module*Meth) < 0,05. The effect
on S of the particular module to which the method is applied is insignificant compared

to the effect of the method.
3.3 Instrumentation
Besides the instructional materials, all the students received three booklets:

= Modules Description Booklet: a requirements document describing the functional and non
functional requirements of the three modules included in the experiment. This booklet
was divided in three parts, and it was the same regardless of the order in which the
treatments were to be applied.

= Jira Time Reporting Booklet: a document explaining the time reporting conventions that
were to be used during the experiment.

= Subject Instruction sheet: a set of instructions to the students to correctly perform the

experiment.
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These instruments are included in the replication package available at http: //www.dlsi.-

ua.es/~ccachero/labPackages/Productivity.v1.rar.
The experiment had the following structure:

1. Subject instruction sheet.

2. Pre-experiment questionnaire: it included demographic questions as well as questions
about subjects’ previous experience with Web application development, Web program-
ming and application modeling, etc.

3. Project work: For each treatment, the students spent two weeks working on the corres-
ponding module with the assigned methodology.

4. Post-experiment questionnaire: it included a semantic-differential scale that required de-
velopers to judge each method on 11 pairs of adjectives describing the developer’s overall

satisfaction with such method.

At the end of each module, the students delivered both the Domain Models and the

Source Code (BO, DAO, DTO and DB files).
3.4 Data analysis and interpretation of results

The statistical analysis was carried out with PASW (Predictive Analytics SoftWare)

Statistics [32].

Prior to the assessment of the hypotheses, we checked the reliability of the Satisfaction
scale in the context of our experimental settings. For the satisfaction scale, all the items
showed a correlation higher than 0,3, while the global Cronbach alpha was 0,892, giving
proof of a high internal consistency among the scale items. This high correlation has led
us to calculate the scale mean for each method, and consider this mean as a global rating

of satisfaction with each one of the three treatments (code-centric, MBD, MDD).

RQ1: Impact of method on team productivity. The data gathered to ac-
cept/reject the PH and PMIH hypotheses (see section 3.2) are graphically presented in
Fig. 4-1
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Figura 4-1: Productivity: SLOC/Hours.

To test the PH and PMIH hypotheses, we applied a 3*5 Mixed Design ANOVA | in
which the module (Groups, Events, Organization) was the between subjects variable, and
the calculated P ratings for each method were the within subjects variables. In order to
assure that applying this statistical method made sense, we verified that the principle of
spherity was not violated by applying the W Mauchly’s test (W = 0,005;p > 0,05) [33].
The results showed that MDD produced the highest P (M = 4,60;SD = 1,17), followed
by MBD (M = 2,30,S5SD = 1, 10) and then Code-centric (M = 0,80; SD = 0,29), and that

these differences were significant (F' = 25,395;p = 0,001).

The results also showed that the interaction Mod*Meth was not significant (F =
3,009;p > 0,05). We can then safely examine the main effects of the two independent
variables (Mod and Meth) on these means without needing to qualify the results by the
existence of a significant interaction. The main effect of module did not attain significance
(F = 0,538;p > 0,05), while the main effect of method did reach significance, (F =
25,39; p < 0,01), that is, the differences in P are significantly affected by the method used,
regardless of the particular module being developed. The last step of the analysis consisted
on studying the pairwise differences among methods through a one-way RM Anova with

pairwise comparisons. In order not to augment the risk of a type—1 error, a Bonferroni
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adjustment was applied. This means reducing the significance threshold to 0,0167 (p =
0,05/3 = 0;0167). With this adjustment, the differences in productivity between the Code
centric and the MBD method did not attain significance (t = —2,69; p = 0,054) but the
differences between Code-centric and MDD (¢t = —6,029; p = 0,004) and MBD and MDD
(t = —6,031;p = 0,004) did.

RQ2: Impact of method on developer’s satisfaction. The data gathered to
accept/reject the SH and SMIH hypotheses (see section 3.2) are graphically presented in
Fig. 4-2

| Module being
540 developed

= Groups
— Events

Organization
5,00

-
in
2

4,00

Estimated means

3,50

3,007

2,50

T T T
AdHoc R3M OOH4Rla

Method

Figura 4-2: Satisfaction: Likert Scale.

To test the SH and SMIH hypotheses we applied a 3*5 Mixed Design ANOVA, in
which the module (Groups, Events, Organization) was the between-subjects variable, and
the S ratings for each method were the within-subjects variables. In order to assure that
applying this statistical method made sense, we first checked that the principle of sphericity
was not violated by applying the W Mauchly’s test (W = 0,838;p = 0,142) [33]. The
results showed that MDD produced the highest S (M = 4,76; SD = 0,73), followed by
code-centric (M = 4,17, SD = 0,72) and then MBD (M = 3,48; SD = 0,96). The results
also showed that the interaction Mod*Meth is not significant (F' = 1,768;p > 0,05). If we

examine the effects of the two independent variables (module and method) we can observe
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how the Mod inter-subject influence did not attain significance (F' = 0,167;p > 0,05),
while the main effect of method did reach significance, (F' = 18,04;p < 0,01), that is, the
differences in S are significantly affected by the method used, regardless of the particular
module being developed. The last step of the analysis consisted on studying the pairwise
differences among methodologies through a one-way Anova with pairwise comparisons. In
order not to augment the risk of a type-1 error, a Bonferroni adjustment was applied. This
means reducing the significance threshold to 0,0167 (p = 0,05/3 = 0,0167). Even with
this conservative adjustment, all the pairwise S differences were significant (p < 0,05),
which means that, in our experiment, subjects rated significantly differently the three

approaches, being MDD the best method rated and MBD the worst.
3.5 Threats to Validity

The analysis of the threats to validity evaluates under which conditions our experi-
ment is applicable and offers benefits, and under which circumstances it might fail. For
the classification of these threats, we have followed the classification proposed by Cook

and Cambell [34]: internal, external, construction and conclusion.

Threats to conclusion validity refer to the relationship between the treatment and the
outcome. In order to minimize the threats, we have strived to automatically capture as
many measures as possible, with the help of well-known tracking systems such as JIRA
or SVN. Additionally, statistical tests have been chosen conservatively, without making
any kind of assumption on variable distributions. However, the fact that the students self-
reported the measures, together with the duration of the experiment (six weeks) and the

low number of subjects hamper the conclusion validity.

Threats to internal validity are concerned with the possibility of hidden factors that
may compromise the conclusion that it is indeed the treatment what causes the differences
in outcome. All groups applied all the treatments to different modules at different times,

what minimizes many internal threats such as selection, history, maturation or social
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threads such as compensatory rivalry or resentful demoralization. However, being an intra-

subject design, carry-over effects may have occurred.

Threats to construct validity refer to the relationship between theory and observation.
In this sense, both the treatments and the measures used to assess productivity and
satisfaction have been previously widely used in literature. This notwithstanding, there
remains the possibility of an interaction of testing and treatments: the need to self-report
certain measures may have changed the behavior of the students. We believe that the fact
that the experiment took over six weeks minimizes this risk, since it is very difficult to
maintain a “potentially abnormal” behavior over such a long period of time without it

being detected.

Also, the hypothesis of the experiment (that is, a higher productivity of MDD envi-
ronments) was quite easy to guess, so students may have felt bound to report less time
when using MBD or MDD. Anyway, the experiment observers took special care not to
disclose this hypothesis to the students. Additionally, the experiment suffers from a res-
tricted generalizability across constructs: we have checked a positive outcome between
productivity and MDD, but we cannot assure that this does not come at the expense of
other characteristic of the developed software, such as modularity, reusability, or any other

quality attribute.

Last but not least, external validity is concerned with generalization of the results.
In this group of threats we have identified a lack of sample representativeness (M.Sc.
students), academic environment, a strict architecture and a restricted domain and com-
plexity. Also, we are conscious of the existing coupling between method and tool: all the
methods were accompanied by tools. Although we tried to choose well-known develop-
ment environment and -when possible- use standards (e.g. UML for the modeling activity
in MBD and MDD), we are conscious that the different tools add a different “flavor” to
the methods. Therefore, this experiment needs to be replicated in order to make sure that

it is the method used and not the tool what causes the observed differences.
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4 Conclusions

During the last years the Web Engineering community has claimed how the use of
modeling practices in MDD and MDB approaches significantly improves the productivity
and satisfaction of Web applications with respect to code-centric development approaches.
However, up to now, the quality and quantity of the empirical analysis that demonstrate
the true impact of these modeling techniques over the final developer’s productivity or
satisfaction are still very low. In this paper, we have presented a rigorous analysis of a
quasi-experiment carried out in a controlled environment. The data gathered shows that
the productivity and the satisfaction of junior Web developers are significantly affected
by the development method but they are independent from the particular module being
developed. The main conclusions of our study (that still need to be corroborated with

further replications) are:

1. The MDD approach seems to significantly increase the productivity of developers with
respect to both the MDB and the code-centric approach.
2. The MDD approach satisfies the most the expectations of juniors developers, followed

by code-centric and, in third position, the MDB approach.

These results are well aligned with with the assumption that model-driven techniques
improve the productivity and also the satisfaction among developers when they are ac-
companied by a generation environment. However, the productivity and the satisfaction
can decrease even below code-centric practices when the modeling activities are used ex-
clusively as blueprints to improve the understanding, and the developers must implement

manually almost all the final code.

Our study of the impact of MDD on the productivity and satisfaction is just the
beginning of a family of experiments in which we want to replicate the same analysis with
practitioners in industry and also with more complex Web application client-side models.
Moreover, further experimentation is needed to separate the effect of methods from the

effect of their accompanying development environments (Visual Studio 2010, RSM or the
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OOH4RIA tool) and to be able to generalize the results to a different population, different

methods and languages, different application types or different application sizes.
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ABSTRACT

Context: Today’s project managers have a myriad of methods to choose from for the
development of software applications. However, they lack empirical data about the cha-
racter of these methods in terms of usefulness, ease of use or compatibility, all of these
being relevant variables to assess the developer’s intention to use them.
Objective: To compare three methods, each following a different paradigm (Model-
Driven, Model-Based and Code-Centric) with respect to their adoption potential by
junior software developers engaged in the development of the business layer of a Web
2,0 application.
Method: We have conducted a quasi-experiment with 26 graduate students of the Univer-
sity of Alicante. The application developed was a Social Network, which was organized
around a fixed set of modules. Three of them, similar in complexity, were used for the
experiment. Subjects were asked to use a different method for each module, and then to
answer a questionnaire that gathered their perceptions during such use.
Results: The results show that the Model-Driven method is regarded as the most useful,
although it is also considered the least compatible with previous developers’ experiences.
They also show that junior software developers feel comfortable with the use of models,
and that they are likely to use them if the models are accompanied by a Model-Driven
development environment.
Conclusions: Despite their relatively low level of compatibility, Model-Driven develop-
ment methods seem to show a great potential for adoption. That said, however, further
experimentation is needed to make it possible to generalize the results to a different
population, different methods, other languages and tools, different domains or different
application sizes.
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1. Introduction

It is a well-known fact that the Software Engineering (SE) community has for a long
time been advocating the use of models in the quest to improve software development
practices [1]. The reason for this support is twofold: First of all, models increase the le-
vel of abstraction at which problems are tackled, and therefore help software developers
to manage software complexity [2]. In addition, the bandwidth of information visual re-
presentations is potentially higher than that of information presented in media reaching
any of the other senses [3]. Among the SE community, the Unified Modeling Language
(UML) is well established as the standard modelling language. UML does not promote any
particular development process, however, and modelling practices may differ greatly from
organization to organization. One well-known way of classifying such modelling practices
is according to the extent to which modelling is used to support the development process.
In this sense, Fowler [4] describes three different modes in which modelling languages (and

UML in particular) can be used: sketch, blueprint and programming language.

» Sketches are informal diagrams used to communicate ideas. They usually focus on a
particular aspect of the system and are not intended to show every detail of it. This is
the most common use of UML, and is the recommended practice in agile, code-centric
frameworks like Scrum [5]. When models are used as sketches, tools are rarely used, as
the modelling activity is performed mostly in front of whiteboards, where designers join
to discuss complex or unclear aspects of the system.

= Blueprints are diagrams that show most of the details of a system, in order to foster
an understanding of it, or to provide views of the code in a graphical form. Blueprints
are widely used in Model-Based Development (MBD), which is at the core of standard
development practices like the ones promoted by the Rational Unified Process (RUP)
framework [6].

= Last but not least, fully-fledged models can be used to characterize the application com-

pletely. If such is the case, the diagrams may even replace the code, and be transformed
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automatically into executable binaries. This is the modelling use that lies at the core of

the Model-Driven Development (MDD) paradigm.

This classification has led some authors to characterize the modelling maturity level of
organizations on the basis of the role of modelling in their software development process [7].
While code-centric development approaches do not ask for much more than an informal
use of modelling techniques and languages, both MBD and MDD approaches require a
more formal use of models. Furthermore, MDD approaches rely on models that need to
be syntactically correct, but also semantically accurate, consistent with each other and
complete, so that they can be used as input for model transformations [8]. Table 5-1 goes
into the main differences between these three ways of conceiving the development cycle, and
compares the three paradigms on a discipline (workflow) basis (Modeling, Implementation
and Testing), with respect to their reliance on models to help carry out the activities
involved. The three disciplines used for comparison are the ones that typically appear in

an Agile UP development process during the construction phase [9].

Tabla 5-1: Correspondence between Agile UP disciplines and development paradigms.

‘ Discipline ‘ Code-centric ‘ Model-based ‘ Model-driven ‘
Modeling Sketch or absent Blueprint Fully-fledged (DSL)
Implementation Manual Semiautomatic | Automatic or semiautomatic

Testing Manual Manual Semiautomatic or manual

As mentioned previously, code-centric approaches do not usually rely on Computer
Aided Software Engineering (CASE) tools to represent the modelling discipline. It is rat-
her the case that they usually promote the use of, at most, whiteboard sketching that
allows the main ideas among different team members to be communicated speedily. The

implementation and testing disciplines are, moreover, usually tackled manually.

When the Model-Based paradigm is followed, its modelling discipline generates a
blueprint, usually with the help of a UML tool. These UML tools normally enable a
partial implementation (usually plain classes with attributes and empty methods) to be

obtained. However, code testing is usually carried out manually. Finally, the Model-Driven
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paradigm typically relies on fully-fledged models that are usually supported by a Domain-
Specific Language (DSL). This paradigm requires modelling to be carried out by means of
a Model-Driven CASE tool that makes it possible to generate the final implementation,
either partially (semiautomatically) or in full (automatically). The corresponding tests can
be partially inferred from models or manually implemented, depending on the development

environment.

As for the CASE tools available for MBD and MDD methods, and depending on
the particular paradigm for which they were devised, they may offer not only modelling
environments, which assure the syntax correctness of the models, but also model checking
and partial or complete software generation capabilities. Well-known MBD environments
include MagicDraw [10], Visual Paradigm [11], or Rational Software Architect (RSA) [12]
and its precursor, Rational Software Modeller (RSM). Although all of them offer certain
code generation capabilities, they are not able to generate fully-fledged applications, and
most MBD approaches do not rely on them for the coding phase. As regards MDD, some
of the best-known tools which are currently available are TrueView Domain Modeller
[13], Borland Together [14], OOH4RIA IDE [15], and WebRatio [16], although more tools
claiming to provide powerful modelling environments and code-generation capabilities are

appearing by the day.

Behind all these efforts, there is the underlying assumption that using development
methods that rely on models and tools with code generation capabilities improves the
overall experience of the developer for when he/she is developing applications. This, in
turn, improves the developer’s intention to adopt the method, particularly as systems
become larger and more complex [17, 18]. The first assumption has been reliably supported
by different studies that show the benefits of MDD in comparison both to MBD approaches
and traditional, code-centric approaches [19,20]. Among these advantages we can cite lower
entire product life cycle and maintenance costs, shorter time-to-market and fewer human
resources, short and long term productivity gains, software quality improvements or defect

and rework reduction [21-23]. In addition, these advantages are justified in literature by
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the higher level of compatibility between systems, the simplified design process, and the
better communication between individuals and teams working on the system that the

MDD paradigm fosters [24, 25].

The second assumption, that is, that the benefits of MDD and the intention to adopt
the paradigm are strongly and positively correlated, is justified by well-known theoretical
models of technology adoption. Many of these models have been tailored to match the
idiosyncrasy of software development methods [26]. The vast majority of these models
assume that objective measures significantly and strongly affect subjective perceptions,
which in turn shape the developer’s adoption intentions [27]. This assumption runs counter
to some facts that have been repeatedly demonstrated in other research areas; i.e., that
subjective measures are not only not strongly correlated but often in disagreement with
their objective counterparts [28-30]. If this was also the case for SE method adoption,
that would explain why, in spite of the proven cost and quality advantages of MDD, the
purported paradigm shift from pure code-centric approaches to MDD, which has been

expected in the industry for years, is still to come [31, 32].

In the quest for a confirmation/refutation of this hypothesis, theories from social
psychology can help. In this discipline, a number of empirical studies show that actual
future behaviour (adoption in practice) may be reliably predicted from intentions to engage
in the behaviour [33]. This means that the assessment of the intention to use a given
methodology is a good predictor of the future actual usage of such methodology. They
also suggest that the intention to engage in a behaviour (such as adopting a software
development method) is better assessed through perceived, subjective characteristics (e.g.
perceived usefulness) than through primary characteristics of the method (e.g. actual
efficacy) [34]. The reason is that, since different adopters may perceive those primary
characteristics differently, their eventual behaviour (including their intention to use the
innovation) might differ. This being the case, given any primary characteristic of a method
(such as the mean performance of the developer when using it), behaviour of individuals

(developers) is better predicated by how they perceive those primary characteristics (e.g.
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how fast they feel they can produce code with the method) than by the objective measure

of the variable (their actual productivity).

In a nutshell, we agree with [32] that the low level of adoption of MDD approaches
may be partly due to the fact that method assessment efforts still revolve mostly around
method technological features (such as separation of concerns, the availability of tools or
artefact traceability, to name just a few) while paying little attention to the developers’
attitudes and perceptions of the method. It is therefore of paramount importance to the
discipline to go into greater depth in the study of such perceptions and the variables that
actually impact them (beyond the primary characteristics of the method). By doing so,
we would be able to define methods and techniques, that showed a greater likelihood to

make an impact on software development practices in industry.

To advance on this path, in this paper we present an empirical study based on a tai-
lored method adoption model, which studies the variables that may impact the actual use
of methods. It does this using three representatives of the three aforementioned paradigms
(code-centric, MBD and MDD). In contrast to other studies, the intra-subject design used
in this study favours the detection of perceived advantages-disadvantages of each approach
with respect to the others. The fact that, after the experiment, the users had to choose
one of the three methods to work with during the rest of the project imitates the decision

process that developers and project managers take in the workplace on a daily basis.

The paper is structured according to the reporting guidelines for controlled experi-
ments in SE [35], as follows: Section 2 presents a set of theories that may help to explain
the software method adoption process. These theories constitute the theoretical framework
of our experiment, and they set the context for the definition of goals, hypotheses and va-
riables in Section 3, together with the experimental design (subjects, instrumentation,
operation and data collection mechanisms) and the threats to validity of the experiment.
Section 4 presents research that is complementary to our work. Finally, Section 5 concludes

the paper and outlines some further lines of work.
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2. Theoretical model

As mentioned previously, there exist a number of models that establish the determi-
nants of user technology acceptance. Among them, TAM [36], TAM2 [37], PCI [34], TPB

[38], and MPCU [39] stand out, due to their theoretical foundations.

In [40], the authors present a comparative study of how well these models predict the
intention to adopt a given method. This comparison proves that some of the dimensions
defined in those models are useful to predict method adoption (namely Compatibility,
Subjective norm and Voluntariness), while others, given the differences between adopting
a method and a tool, can be dropped (e.g. Career Consequences, Perceived behavioural
control, etc.). This study also dismisses the impact of Ease of Use on method adoption.
That is surprising, since Ease of Use is one of the main components of the TAM model and
is regarded as being closely correlated with intention of use in other well-known theoretical
models of method adoption [27,32,41,42]. Given the controversy of this dimension, we have
decided to keep Ease of Use as a potential explainer of variability in method adoption, and
to test it with the empirical data. Another controversial dimension is tool performance
(also called Perceived Tool Maturity), which is included in [32,41,42] as a potentially
relevant variable to explain both actual use of MDD methods and future intention to use
them. This dimension has not been found significant in any of these studies, however, nor
has it been considered relevant in any of the seminal theoretical models studied. For this

reason, we have left it out of our theoretical model.
In short, our theoretical model includes the following explanatory variables:

» Perceived Usefulness (PU): the extent to which a developer believes that using the met-
hod will enhance his or her job performance. The more useful a method is regarded by
developers, the more likely they are to form intentions to use it.

» Perceived Ease of Use (PEU): the degree to which a developer believes that using a
particular method will be free of effort. The easier developers consider the method to be,

the more likely they are to adopt it.
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= Compatibility (PC): the degree to which the method is perceived as being consistent
with the existing values, needs and past experiences of potential adopters. The more
compatible a method is with respect to how developers perform their work, the more
likely they are to form intentions to use it.

= Subjective Norm (SN): the degree to which a developer believes that others who are
important to them are of the opinion that they should perform the behavior. The more
developers believe that others who are important to them consider that they should use
the method, the more likely they are to form intentions to use it.

= Voluntariness (V): the extent to which potential adopters perceive the adoption decision
to be non-mandatory. Since adopting a new development method requires a huge mental
effort, the theoretical model establishes that the more voluntary the adoption decision is

seen to be by developers, the less likely they are to adopt it.
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Figura 5-1: Synthesized theoretical model of method adoption.

Fig. 5-1 depicts the components of the resulting theoretical model. In this figure, the
model components (clouds), the measures (hexagons) and influences (arrows) actually put
to test by our experiment (PEU, PU and PC) have been stressed with solid colours and
lines, while the parts of the model that have been left out of our experiment are marked

with shaded colours and dashed lines. In particular, SN and V have remained constant
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throughout the methods and tools used. We will go into this issue further in Section 3.
Fig. 5-1 also reflects the direction of the effect: PEU, PU, PC and SN are assumed to
affect (some +) the intention to use a method positively, while Voluntariness is assumed

to affect (some -) such adoption intention negatively.
3. Description of the experiment

During the months of January and February of 2011, a controlled experiment was
conducted at the University of Alicante. A controlled experiment in SE is a randomized
or quasi-experiment, in which individuals or teams (the study units) engage in one or
more tasks for the sake of comparing different processes, methods, techniques, languages

or tools (the treatments) [43].

The goal of our experiment was to evaluate the method adoption intentions of subjects
after developing the business layer of a Web application using three different approaches:
code-centric (based on C# and the .NET framework), MBD (based on UML and supported
by the Rational Software Modeler tool) and MDD (based on the OOH4RIA approach and
supported by the OOH4RIA IDE tool). We are conscious that the choice of specific tools
for each method diminishes the external validity, that is, the generalizability of the results.
Such a selection was necessary, nevertheless in order to replicate the actual environment
in which each method is usually applied and thereby increase the construct validity of the

experiment. This issue will be further discussed in Section 3.4.

In order to fulfil our research goal better, the tools and environments were chosen
on the basis of their widespread adoption among practitioners, whenever possible. To be
specific, the coding activities were performed with Visual Studio 2010, while the MBD
modeling activities were performed with Rational Software Modeler. Both IDE’s are cu-
rrently being used by a large community of software practitioners. On the one hand, the
Microsoft Visual Studio 2010 Professional IDE makes it possible to program, debug and
test multi-device applications in the Microsoft .NET platform. On the other hand, the IBM

Rational Software for modeling applications following the UML 2.0 standard [44]; it also



MDD vs. traditional software development: A practitioner’s subjective perspective 159

introduces some extensions to generate some parts of applications for different platforms

such as Java and .NET.
With respect to the MDD paradigm, there are two tool mainstreams:

= Some proposals opt to apply the UML profiling mechanism to extend the different UML
elements by defining constraints and adding tag values, so as to introduce domain-specific
semantics. In this category, there is a large set of tools that enables code to be genera-
ted. However, only two of these tools can generate an NHibernate-based object-oriented
business logic, as well as persistence layers. These are Modelio [45] and Visual Paradigm
[45], both of them are commercial, and they do not provide academic licenses.

= A second set of proposals, which has been gaining momentum over recent years, defines
Domain-Specific Languages (DSLs), that is, relatively simple languages (graphical or tex-
tual) that are created to model some problem domain. To do that, each DSL requires the
definition of a MOF metamodel (including OCL constraints) and a graphical or textual
language to represent its concrete syntax. Although there are several DSL approaches
capable of generating NHibernate-based business logic and persistence layers, (e.g., In-
tegranova, RadarC, etc.), here also it is the case that they do not provide any kind of

academic license.

Given the fact that none of the aforementioned proposals is standard or even widely
adopted, and due to the lack of academic licenses for any of the commercial tools, we
opted to use OOH4RIA. OOH4RIA belongs to the second group of proposals defining a
set of DSL’s for modelling different aspects of Rich Web Applications. OOH4RIA is free
of charge for universities, and it is taught as part of the Master’s course in which the

experiment took place.
3.1. Goals and context definition

Following the GQM template, our empirical study is aimed at Analysing a code-

centric, an MBD and an MDD approach for the purpose of evaluating with respect to its
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adoption intentions from the point of view of junior software developers. The context of

the study was a set of M.Sc. students developing the business layer of a Web application.

The design of this experiment is based on the framework for experimentation in SE
research, as suggested in [46]. Also, a laboratory package has been compiled for the sake of
replicability [47]. This study is based on the theoretical method adoption model presented
in Section 2, and compares three methods (each one supported by specific tools) one
representative of the code-centric paradigm, one representative of the MBD paradigm and

one representative of the MDD paradigm.
The research questions addressed in this study were formulated as follows:

RQ1: Is the developer’s perceived usefulness of the method significantly different between
the methods, regardless of the particular application?

RQ2: Is the developer’s perceived ease of use of the method significantly different between
the methods, regardless of the particular application?

RQ3: Is the developer’s compatibility with the method significantly different between the
methods?

RQ4: Are the perceived usefulness, perceived ease of use and compatibility measures
correlated?

RQ5: Do the developers’ adoption intentions significantly differ between the three approa-
ches (Code-centric, Model-based, Model-driven), regardless of the particular application
being developed?

RQG6: What are the main perceived advantages/drawbacks of each approach?

The first four research questions were devised to be answered by quantitative means,
while the fifth research question was exploratory (no formal scale for measuring the In-
tention to Adopt (IA) was devised) and the sixth one, qualitative in nature, was aimed
at gathering some possible explanations for the quantitative results, giving additional evi-

dence of the degree of completeness of the theoretical model.
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3.1.1. Subjects and application

The subjects were 30 students of the “Web Applications Developer” Master at the
University of Alicante. These students were divided into six groups of 4-6 people. From
these, one group dropped out of the experiment, due to two of their components abando-
ning the Master’s course for work reasons. The final set of observations thus corresponds
to the observations of the remaining five groups (26 subjects). Since this abandoning of
the experiment had nothing to do with the treatments that the group was applying to
their project, nor had it to do with the particular order in which the team was applying

them, we can assume that the results of the experiments have not been compromised.

The final sample was made up of 25 men and 1 woman, of whom 75 % had more than
2 years of experience in developing web applications. The mean age of the participants
was 25,6 years old and all of them were Computer Engineering graduates of the University

of Alicante.

Regarding the subjects’ level of knowledge with respect to the different technologies
and methods used during the experiment, a questionnaire showed that 81 % knew UML,
and that another 12 % considered that they had a high-level of knowledge of UML. It
should also be noted that 76 % of the subjects had previously programmed with Visual
Studio (VS) and .NET during their degree course, although only 12% had applied it in
industry. Finally, the subjects acknowledged no previous practical knowledge of MDD,

although 56 % of them were aware of the existence of the paradigm.

By the time the experiment took place, the subjects had received additional training
in all three methods. Such training consisted in 30 h of training in programming in C'#
using Visual Studio 2010, 20 h of training in UML modelling with RSM and 10 h of
training in modelling with the OOH4RIA tool. The reason for these training divergences
is that each method training relies on concepts introduced previously, and so students

could grasp the basics more quickly.
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Each group developed a social network for a different domain:

Trips: the social network for this domain is focused on establishing relationships between
people who want to reduce travel costs by sharing their own cars.

Fvents: the social network for this domain is centered on organized social events.
Hospitals: the social network for this domain aims at improving the communication
between physicians and patients.

Academics: the social network for this domain focuses on connecting and sharing teaching
contents among teachers and students.

Facework: the social network for this domain helps workers to share information about

different tasks, resources and goals of the company.

All the applications shared the application type (a social network) and the complexity
(which was controlled by dividing the applications into modules and, for each one, defining
a range of functional requirements that all the applications had to support, regardless of
the domain). From these, the three modules whose development was monitored in our

experiment were:

= Support for the establishment of a community of users (Groups), to create contents
and relationships among people of different environments (professional, personal, etc.,
depending on the particular application being developed).

= Support for the organization of events (Events) where people can invite their friends
or colleagues to attend a place where the event is held (the particular event being a
celebration, a work meeting, etc. depending on the specific application being developed)

= Support for an organizational section community (Organization) where subjects (be they
companies, celebrities, etc., depending on the particular application), can publish content,

photos, etc., in a unidirectional way, to the social network.

For six consecutive weeks, the teams were asked to implement each module following a
different method. The time assigned for the implementation of each module was 2 weeks.

The order in which teams applied each method was randomized to avoid order effects.
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Such randomization can be seen in Table 5-2. All the groups were co-located in the Master
classroom for 30 h (10 h per method), and performed the rest of the work at home. Since
the applications were all different, there was no need for interaction between the groups.
After the experiment, the subjects were asked to give their individual opinions regarding
each methodology. They were requested to choose the approach they preferred most, out
of the three that they had used during the experiment, so they could use that one to

develop the remaining modules of the project.

Tabla 5-2: Diseno experimental: diseno factorial e intra-sujetos.

Dominio Module
Group | Events [ Organization
Trips code-centric MBD MDE
Events code-centric MDE MBD
Hospital MBD MDE code-centric
Academics MDE MBD code-centric
Facework MBD code-centric MDE

As mentioned previously, to develop the different projects the students had to follow
the Agile Unified Process (Agile UP) methodology [9], a streamlined approach to software
development that is based on the IBM’s Rational Unified Process (RUP). The Agile UP
lifecycle is serial in the large, iterative in the small, and delivers incremental releases
over time. Qur particular experiment was situated in the construction phase of Agile UP,
which focuses on developing the system to the point where it is ready for pre-production
testing. The construction phase is made up of a set of disciplines or workflows that groups
different tasks of this process. These disciplines were presented in Table 51, together with

the impact of modeling practices on each of them, depending on the particular paradigm.
3.1.2. Implementation language and CASE tools

As commented above, the development environment for the experiment was set up as

follows:

= Development framework: .NET framework, Silverlight 4.0 and NHibernate (Object-Relational

Mapping).
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= Coding IDE: Visual Studio 2010

Modeling tools: RSM and OOH4RIA

Code Generation tool: OOH4RIA

Languages: C# and XMLMapping (ORM mapping of NHibernate).

Other tools: The set of questionnaires filled-in by each developer was published online.

The code-centric treatment relied solely on the coding tools provided by the Visual
Studio 2010 environment. The MBD treatment also required the students to work with
RSM. Lastly, for the MDD treatment, the students worked with the OOH4RIA IDE. Both
RSM and the OOH4RIA IDE are based on the Eclipse Modeling Project [48]. Eclipse is an
open source software, whose main purpose is to provide highly-integrated platform tools
[49]. According to [50], Eclipse has contributed to the successful implementation of Model
Driven Architecture (MDA, which is the OMG standard for MDD [51]), by providing an

open source platform and a whole implementation of the MDA specifications.

To standardize the code that was to be developed, the subjects had to implement /generate
four specific files for each module (Group, Events, Organization): the Business Objects file
(BO), the Data Access Object file (DAO), the Data Transfer Object file (DTO) and the
Database file (DB).

3.2. Experiment planning

As shown in Fig. 5-1, the idiosyncrasy of the experiment made some of the dimensions
of our initial theoretical model non-relevant; namely, Voluntariness and Subjective Norm,
which did not apply to our course environment. The three paradigms were equally valued
and no obligation whatsoever was made about the method that the students had to use
once the experiment was finished. This lack of relevance has been outlined in Fig. 51, by

showing the corresponding dimensions in a lighter shadow of grey.

Also, given the fact that the subjects were not randomly chosen but selected rather
on the basis of their attendance to a Master’s degree, our study belongs to the quasi-

experiment category. Quasi-experiments, although suffering from a lower internal validity
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than true experiments, are widely used and deemed useful in the Empirical SE field,
since they allow investigations of cause-effect relations in settings such as ours, in which

randomization is too costly [43].

Given the evidence gathered by our theoretical model and the research questions
presented in Section 2, we have defined the following Independent (experimentally mani-

pulated) Variables (IV) or factors:

= Meth: Method, a categorical variable with three levels: code-centric, MBD, MDD. It is
important to note that, in this experiment, when we refer to method, we are in fact
talking about a compound variable (method*tool), due to the coupling of these two
variables in our experimental settings.

= App: Application domain, a categorical variable with five possible values: Trips, Hospi-

tals, Events, Academics, Facework.
The dependent (measurable) variables (DV) are:

= PU: Perceived usefulness of each method: an interval measure based on a 7—point Likert
scale.

s PEU: Perceived ease of use of each method: an interval measure based on a 7—point
Likert scale.

= PC: Compatibility of each method: an interval measure based on a 3—point Likert scale.

= TA: Intention to Adopt a given method: a nominal measure with three possible values:

code-centric, MBD, MDD.
We defined the following testable hypotheses, also based on the research questions:

» Perceived Usefulness (RQ1):
e HPU,: PUMDD) = PU(MBD) = PU(code-centric). Perceived usefulness of code-
centric, MBD and MDD methods do not significantly differ. This fact holds, regard-
less of the actual application being developed.

e HPU,: PUMDD) > PU(MBD) > PU(code-centric).
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s Perceived Ease of Use (RQ2):

e HPEU,: PEU(MDD) = PEU(MBD) = PEU(code-centric). Perceived ease of use of
code-centric, MBD and MDD methods do not significantly differ. This fact holds,
regardless of the actual application being developed.

e HPEU,: PEU(MDD) < PEU(MBD) < PEU(code-centric).

= Perceived Compatibility (RQ3):

e HPCy: PC(MDD) = PC(MBD) = PC(code-centric). Perceived Compatibility of
code-centric, MBD and MDD methods do not significantly differ.

e HPC,4: PC(MDD) < PC(MBD) < PC(code-centric).

In order to test the hypotheses, we defined three questionnaires to measure the PU,

PEU and PC dependent variables, respectively.

s The perceived usefulness PU(Meth) was assessed through a 7-point Likert scale that
consisted of four items: subjective developer’s throughput (with respect to an expert),
subjective developer’s efficiency, subjective utility of the method and subjective reliability
of the results, obtained from applying the method.

= The perceived ease of use PEU(Meth) was assessed through a semantic-differential scale
that required developers to judge the development method on seven pairs of adjectives
describing their experience. Four adjectives were formulated in positive and four in nega-
tive to control a possible acquiescence bias. Developers could modulate their evaluation
on 7-points (after re-coding of reversed items 1 = very negative, 7 = very positive).

= To measure PC (Meth), we defined a two-item scale, made up of a 3-point rating of
familiarity (1 = low, 2 = medium, 3 = high), and a 3-point level of previous experience
(1 = low, 2 = medium, 3 = high) with the techniques and tools involved in code-based,

MBD and MDD development, respectively.

Since ANOVA presents a high degree of robustness with respect to both ordinality and
non-normality of the scale [52], all the PEU, PU and PC questionnaires have been treated
as interval measures for the refutation of the hypotheses involving the comparison of

methods. This is also consistent with the general opinion that Likert scales that are defined
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by means of sufficient (typically 7 or 9—point) symmetric and equidistant Likert items
approximate an interval-level measurement. Furthermore, treating the scale as interval
can be beneficial, because otherwise some valuable information (the “distance” between
opinions) could be lost [52]. However, since the robustness of correlations with respect
to violations of the non-normality of distributions is not that straight-forward, they have

been treated as ordinal for the analysis of correlations among dependent variables.

As far as the perceived advantages/disadvantages of the different methods are con-
cerned, these were gathered through two open questions, one asking about the three main
advantages perceived, and one asking about the three main disadvantages perceived. The

questionnaire containing all these questions is included in the replication package [47].

Last of all, the A DV was measured indirectly through a decision, made by the teams,

on which method to use for the rest of the project, once the experiment was finished.
3.3. Data analysis and interpretation of results

The statistical analysis was carried out with the PASW (Predictive Analytics Soft-

Ware) Statistics software [53].

Prior to the assessment of the hypotheses, we checked the reliability of the PU, PEU
and PC scales in the context of our experimental settings. We applied the Alpha of Cron-

bach’s Alpha test, which revealed the following results:

= For the PU scale, all the items showed a correlation higher than 0,3, while the global
Cronbach’s alpha was 0,817, giving proof of sufficient internal consistency among the PU
items. It is therefore possible to calculate the mean, considering it to be a global rating
of PU with each one of the three treatments (code-centric, MBD, MDD).

= For the PEU scale, all the items showed a correlation higher than 0,3, while the global
Cronbach’s alpha was 0,896, giving proof of high reliability of the scale. Again, this means
that we can calculate the mean and consider this as a global rating of PEU with each

one of the three treatments (code-centric, MBD, MDD).
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= For the PC scale, we found very low levels of correlation (although significant) between
the developers’ perception of a method as “odd” and their level of experience reported
with such a method. This being so, we opted to rely solely on the level of experience
reported when measuring the PC in subsequent analysis. This is because, from our point
of view, it reflects more clearly the definition of Compatibility given in our theoretical

model.

Table 5-3 summarizes the means and standard deviations for the answers given to

each question item. The whole questionnaire is presented in Appendix A.

Tabla 5-3: Descriptive statistics

Variables | Code-centric MDB MDD
Mean‘ SD Mean‘ SD Mean‘ SD

PUI 4,92 | 1,230 | 3,69 | 1,619 | 5,04 | 1,230
PU2 4,08 | 1,383 | 3,31 | 1,463 | 5,12 | 1,107
PU3 454 | 1,421 | 346 | 1,476 | 4,62 | 0,983
PU4 4,62 | 1,169 | 3,58 | 1,58 | 5,00 | 1,041

PEUL-R | 4,35 | 1,056 | 4,00 | 1,233 | 5,15 | 1,047

PEU2 | 3,31 | 1,490 | 3,65 | 1,325 | 4,92 | 1,256
PEU3 | 440 | 1,225 | 4,00 | 1,354 | 5,12 | 1,211
PEU4R | 3,38 | 1444 | 323 | 1,366 | 4,46 | 1,174
PEU5 | 3,73 | 0,827 | 3,00 | 1,118 | 4,62 | 1,134
PEU6-R | 3,73 | 1,002 | 3,08 | 1,093 | 4,54 | 1,265
PEU7 | 4,65 | 0,936 | 3.6 |1,359 | 5,04 | 1,113

3.3.1. RQ1: Perceived usefulness of the development approaches

To test the HPU hypothesis (concerning the existence of significant differences in the
perceived usefulness of the different methods), we applied a 3x5 Mixed Design ANOVA | in
which the application domain (Trips, Events, Hospitals, Academics and Facework) was the
between-subjects variable, and the PU ratings for each method was the within-subjects

variable.

In order to assure that applying this statistical method made sense, we first checked
the normal distribution of the dependent variables with the Levene’s contrast. All the
variables showed a significance parameter greater than 0,05, which allows us to assume

normality. We also checked the homogeneity of covariance among groups with the Box’s M
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test (F' = 1,137;p = 0,295). Last but not least, we verified that the principle of sphericity

was not violated by applying Mauchly’s W test (W = 0,909; p = 0,387).

The results showed that MDD produced the highest PU (M = 4,90; SD = 0,795),
followed by code-centric (M = 4,51; SD = 0,973) and then MBD (M = 3,48, SD = 1,191).
The results also showed that the interaction MethxApp was not significant (F'(8,42) =
1,753; MSE = 1,311;p = 0,114). We can then safely examine the main effects of the two
independent variables (application and method) on these means without needing to qualify
the results by the existence of a significant interaction. The main effect of application did
not attain significance (F'(4,21) = 1,126; MSE = 1,459; p = 0,371), but the main effect of
method did reach significance, (F'(2,42) = 19,411; MSE = 14,516;p < 0,001). This means
that the differences in PU are significantly affected by the method used, regardless of the

particular application being developed.

Given the significance of the method variable, the last step of the analysis consisted
in studying the pair-wise differences among methods through a matched T-test. In an
effort not to increase the risk of a type-1 error, a Bonferroni adjustment was applied. This
means reducing the significance threshold to 0,0167 (p = 0,05/6933 = 0,0167). With this
adjustment, the PU differences between MBD and both code-centric and MDD approaches

were significant, while the difference between code-centric and MDD PU scores was not.

PU Method by Application
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—— Academy
Facework
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Mean PU
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2,50 -

NET RSM+NET OOH4RIA+NET
Method

Figura 5-2: PU means by Method. Each line corresponds to one of the five application domains
for which a social network was developed.
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We can observe these results graphically in Fig. 5-2. The fact that the particular
application was not significant is reflected in the five lines that are more or less overlapping.
The Method variable influence is reflected in the acute ups and downs of the lines. Finally,
the lack of significance of the MethxApp interaction is reflected in the lines being more
or less parallel (all of them showing the same tendency with each method). The same

graphical clues hold for the rest of the graphics.
3.3.2. RQ2: Perceived ease of use of the development approaches

We then tested the HPEU hypothesis related to the perceived ease of use of the
different methods. The chosen procedure, once again, was a 3%5 Mixed Design ANOVA, in
which the application (Trips, Events, Hospitals, Academics, Facework) was the between-

subjects variable, and the PEU rating for each method was the within-subjects variable.

In order to assure that applying this statistical method made sense, we first checked
the normal distribution of the dependent variables with the Levene’s contrast. All the
variables showed a significance greater than 0,05, which allows us to assume normality.
We also checked the homogeneity of covariance among groups with the Box’s M test
(F = 0,768;p = 0,78). Last but not least, we verified that the principle of sphericity was

not violated by applying Mauchly’s W test (W = 0,877; p = 0,269).

The results showed that MDD produced the highest PEU (M = 4,87;SD = 0,832),
followed by code-centric (M = 3,98;SD = 0,757) and then MBD (M = 3,55;SD =
0,927). The results also showed that the interaction MethxApp is significant (F(8,42) =
2,801; MSE = 1,436;p < 0,014). This means that the results vary according to the parti-

cular application domain for which the social network was being developed.

Another finding is that, while the main effect of application did not attain significance
(F(4,21) = 1,033; MSE = 0,826;p = 0,414), the main effect of method did reach signifi-
cance, (F'(2,42) = 24,704; MSE = 25,329; p < 0,001). This means that the differences in

PU are significantly affected by the method used, regardless of the particular application
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being developed. This result, however, must be interpreted with caution, because the effect

of the method is different in the different application domains.

PEU Method by Application
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Figura 5-3: PEU means by method. Each line corresponds to one of the five applications that
were developed as part of the experiment.

Although the main variable was found significant, the existence of a Meth*App in-
teraction effect makes any further analysis of pair-wise comparisons unadvisable. We can
observe these results in Fig. 5-3 in the form of a graph. It can be observed here that
the significance of the Meth* App interaction is mostly due to the Academic application,

whose MBD PEU follows a completely different trend from the remaining applications.
3.3.3. RQ3: Perceived compatibility of the development approaches

To test the HC hypothesis (concerning the existence of significant differences in the
perceived compatibility of the different methods), we dropped the inter-subject factor and
applied a one-way RM ANOVA. Our premise was that, as all the applications have the same
set of functional requirements and belong to the same domain, the method compatibility
(the degree to which the method is perceived as being consistent with the existing values,
needs and past experiences of developers) did not depend on the particular application

being developed.

On a 3-point scale (1 = low, 2 = medium, 3 = high), developers rated the method
based on MBD as the most compatible (M = 2,12; SD = 0,326) by a slight margin,
followed by the code based method (M = 2,0; SD = 0,40) and, finally, the MDD method
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(M = 1,54;SD = 0,508). This compatibility was based exclusively on their previous

experience with the methods.

A check of the sphericity showed a significant W (W = 0,471; p < 0,001), which made
us test the significance of the differences with a conservative Greenhouse-Geisser F. The
results showed that the main effect of method did reach significance (F'(1,308,32,706) =
15,492; MSE = 3,704;p < 0,001); that is, the differences in PC are significantly affected

by the method used.

A follow-up pair-wise analysis using a T-test with a Bonferroni adjustment showed
that MDD is perceived as significantly less compatible than code-based and MBD, while

differences between code-based and MBD are not significant.
3.3.4. RQ4: Correlation among conceptual model dimensions

As we have mentioned previously, ANOVA presents a high degree of robustness with
respect to both ordinality and non-normality of the scale [52]. However, the robustness
of correlations with respect to violations of the non-normality of distributions is not that
straightforward. For this reason, in order to study the correlation between the three con-
ceptual model dimensions included in our study, a non-parametric Spearman’s correlation
analysis was performed. Previous to this analysis, all the scales had been transformed into
a 3-point scale (low, medium, high), for compatibility reasons. The results of this analysis

can be seen in Table 54.

Tabla 5-4: Correlations between theoretical model variables (OEffc, OEffv, PU, PEU)

‘ ‘ PU ‘ PEU ‘ PC ‘
PU  Rho Spearman 1 0,663 | —0,278*
P 0, 000 0,014
N 78 78 78
PEU Rho Spearman | 0,663** 1 —0, 288*
P 0,000 0,011
N 78 78 78
PC  Rho Spearman | —0,278* | —0, 288" 1
P 0,014 0,011
N 78 78 78
** The correlation is significant at the level 0,01 (bilateral).
* The correlation is significant at the level 0,05 (bilateral).
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The results show how PC is negatively correlated with both PEU and PU, which
means that, in this experiment, developers regarded the development methods with which
they were less familiar as more useful and easy to use. These results are hard to explain,
and contradict the theoretical model; they need further investigation with a more elaborate

PC measurement scale.

In addition we can observe how, according to our data, PU and PEU are strongly
correlated: the more useful the method is perceived to be, the easier it is to use (and
vice versa). Since the two variables are dependent variables in our experiment, we cannot
ascertain whether there is causality, nor tell in which direction that may be. More specific
research needs to be carried out to find out more about these aspects of the theory, and,

ideally, to come up with more elaborate constructs that are independent from each other.
3.3.5. RQ5: Intention to adopt analysis

When, after the experiment, our subjects were asked to choose one specific method
to go on with the project, 20 subjects out of 26 (that is, 76,9 % of the sample) decided to

use the MDD approach.
3.3.6. RQ6: Perceived advantages and disadvantages of methods

For a better understanding of previous objective results, we complemented our study
with an opinion survey, in which developers reported in a free-form format the main
advantages they perceived, along with the disadvantages they saw in each method. After
gathering the results, and in order to organize the natural language responses, we classified
each advantage/disadvantage under a common epigraph (see the first column of Table
5-5). Moreover, for each method, these features were reported as either an advantage or

a drawback.

Starting with the traditional code-centric approach (see second column of Table 5-5),
we can observe that 50 % of subjects perceived the feeling of control that they experienced
when working with code as one important advantage of the code-centric approach, while

none regarded that as a disadvantage. In addition, subjects reported as advantages a lower



MDD vs. traditional software development: A practitioner’s subjective perspective 174

learning curve (5), higher personalization (4) and higher compatibility, when compared to
their previous experience (3). At the other end of the spectrum, according to subjects,
the main drawback of code-centric is that it requires a high development effort (with 20

subjects giving responses that fell in that category) and it has a low maintainability (5

subjects).
Tabla 5-5: Reported advantages/drawbacks of each method.
‘ Reported Feature ‘ Code-centric ‘ MBD ‘ MDD ‘

Development Effort Advantage 1 10 24
Drawback 20 5 1
Feeling in control ~ Advantage 13 — —
Drawback — — 3

Learning Curve Advantage 5 5 2
Drawback 1 3 6
Compatibility Advantage 3 — —
Drawback - 2 5

Maintainability Advantage — 6 3
Drawback D — —
Personalization Advantage 4 — —
Drawback — 1 —
Reliability Advantage — — —
Drawback - 12 7

With respect to the MBD approach using RSM (see third column of Table 5-5), the
advantages of the method varied greatly. The most important ones were reduced develop-
ment effort (10), better maintainability (6) and a reduced learning curve (5). However,
these advantages were not appreciated universally; development effort and learning cur-
ve, for example, were pointed out as disadvantages by 5 and 3 subjects, respectively. We
should remark, too that subjects commented that the code generation capabilities provi-
ded by RSM were clearly insufficient (5 subjects). This noted, the main MBD drawback
reported was a significant lack of perceived reliability of the approach (12 responses), due

to some errors detected in the RSM code-generation process.

Finally, we asked the same question regarding the OOH4RIA approach as an exponent
of the MDD paradigm. The main disadvantages reported as regards this method were a

higher learning curve (6), a low compatibility with their previous experience (5), and a
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lack of reliability (7), which may have been due to some bugs of the OOH4RIA IDE tool
that appeared during the development phase. An overwhelming majority of students (24
out of 26) recognized an important increase in development speed, however, along with a
significant reduction in effort with repetitive tasks. Another result was that maintainability

was regarded as an advantage by 3 subjects.
3.4. Threats to validity

The threats to validity evaluate under what conditions our experiment is applicable,
offering benefits, and under what circumstances it might fail. We have classified the threats

into four families [54]: internal, external, construction and conclusion threats.
3.4.1. Threats to conclusion validity

These refer to the relationship between the treatment and the outcome. All the sta-
tistical analyses have been preceded by tests that assured that the assumptions of the
statistical procedure were not being violated. The alpha has been adjusted, following the
most conservative approach (Bonferroni), which also contributes to the conclusion validity.
The intra-subject design also contributes to protecting the results against heterogeneity
of subjects, since all of them were presented with the three methods. Notwithstanding,
the number of observations per cell was 5, an absolute minimum to be able to apply this
kind of analyses. Also, given the duration of the different treatments (each subject was
working with each method for 2 weeks), random irrelevancies in the experimental setting
might have occurred that may have affected the data. We can assume, however, that such

irrelevancies have affected all the levels of the treatment equally.
3.4.2. Threats to internal validity

These are concerned with the possibility of hidden factors that may compromise the
conclusion that it is indeed the treatment which causes the differences in outcome. In order
to increase the internal validity of the design, subjects received sufficient training in all
three methods. All treatments were applied in random order (with only the MDD-Code-

MBD order being left in the experiment, due to a group dropping out of the course soon



MDD vs. traditional software development: A practitioner’s subjective perspective 176

after the experiment began). There was consequently no reason for compensatory rivalry,

equalization or demoralization.

All the applications and modules on which the subjects worked were of similar com-
plexity. The lack of influence of the particular application on the results was tested sta-
tistically. However, even when we counter balanced the design by randomizing the order
in which the different subjects used the different methods, subjects still applied the three
methods in a row. This makes it possible the existence of carryover effects to (e.g. sub-
jects could benefit in the course of the experiment from increasing familiarity with the
experiment setting, the development environments, etc.) or, on the contrary, there may be
fatigue effects (e.g. through a loss of interest in the registration of the experiment data).
It is also possible for there to be an effect coming from the spread of treatment imitation.
By this we mean the phenomenon of users learning from the previous method and imi-
tating the practices when applying the next method assigned. To diminish such risks, we
supervised the whole process, and maintained the amount of information that needed to
be provided by the users to a minimum. We also automated the data gathering process,

to prevent coding errors.
3.4.3. Threats to construct validity

These refer to the relationship between theory and observation. During the experi-
ment, both the theoretical model and the hypotheses were carefully kept from the subjects.
No special emphasis was put on the pros and cons of any of the methods until after the
experiment was finished and the opinions were gathered. Methods were used together
with their supporting tools, and the particular technologies used to test each development

approach are widely used in practice.

However, to the best of our knowledge, there are no standard instruments to measure
the components of the theoretical model applied in this article. Although the reliability of
the scales has been checked to increase the construct validity, the number of items of some

of the scales used should definitely be increased and validated through further research if
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they are to become more robust. Particularly, a careful study of all the aspects that may
play a role in perceived usefulness, ease of use and compatibility (e.g. the perceived quality
of the resulting product as part of the perceived usefulness scale) should be carried out to

back the inclusion of new subjective items to each scale.
3.4.4. Threats to external validity

Lastly, threats to external validity are concerned with the generalization of the results.
The type of application used for the experiment, far from being a toy example, is a real
application, defined on the basis of true client requirements. The subjects are graduate
students, many of whom are already working as developers and who are therefore true
representatives of junior developers. Having said that, given the relatively small sample
used (26 subjects), and the fact that the sample was not random, but chosen based on
their participation in a master degree, our experiment still presents a lack of sampling
representativeness. It is also the case that we have used similar size applications, all of
the same type (social networks). We therefore cannot generalize the results to applications
of different sizes or different application types without more replicas. Finally, as regards
these kinds of threats, although the tools used in conjunction with the methodologies are
widely used among practitioners, they are not the only possibilities. The experiment thus
needs to be replicated in order to make sure that it is indeed the method used, not the

tool, that causes the differences observed.
4. Related work

Over the last years we have witnessed how the number of empirical studies regarding
the subjective perceptions while applying different methods has increased. In [55], the
author empirically assessed the satisfaction of an MDD method (called MIMAT) that
included Functional Usability Features (FUFs) in an MDD software development process.
The study concluded that the user’s satisfaction improved after including FUFs in the
software development process. Our experiment does not centre on the enrichment of a

given method with a new artefact/technique, but compares different methods with respect
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not only to the developer’s perceived ease of use but also to the perceived usefulness and

compatibility.

Closer to our experiment, Arisholm et al. [56] reported on a set of controlled experi-
ments that investigated the impact of UML documentation (thus assuming an MBD ap-
proach) on software maintenance. Results show that, for complex tasks and past a certain
learning curve, the availability of UML documentation may result in significant improve-
ments in the functional correctness of changes and the design quality. This study differs
from ours both in focus (maintainability vs. intention to adopt) and methods covered (in
our case including not only an MBD but also an MDD method). Another recent expe-
riment [57] compares three treatments or levels in the use of UML models (no modeling
conventions, with modeling conventions and with tool-supported modeling conventions).
The experiment was performed with 106 M.Sc. students, organized in 35 teams. The
findings showed that development effort with tool-supported modelling conventions is ap-
proximately half of the effort invested when using traditional development (code-centric).
It also revealed that there is no significant correlation between class-count and the effort
spent in modeling. Again, our experiment differs from this one in focus, since we have
not centered our study on effort, but rather on intention to adopt the method, based on

subjective perceptions.

There are also studies that have centered on the set of tools that accompany each
paradigm: Pelechano et al. [58] performed an empirical comparison of Eclipse Modeling
Plug-ins and Microsoft DSL Tools, on the basis of their utility and as regards satisfaction
from the point of view of developers. The results showed that both tools are very useful
and can be used in future projects. Eclipse users are 100 % faithful to this environment;
on the other hand, 60 % of the DSL Tools users would migrate to Eclipse. In [59] an
other author performed a similar comparison between Microsoft DSL Tools and Eclipse
EMF/GEF/GMF Frameworks. Results show that the MS/DSL Tools metamodel designer
is more usable than the EMF metamodel designer. Our study focuses less on tools and

more on whole methods that can be classified in a given development paradigm.
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5. Conclusions and further lines of research

This study makes three main contributions. On the one hand, it presents a tailored
theoretical method adoption model that can be used as a starting point to study the
adoption possibilities of existing or new development methods, based as it is on well-
known evidence from different fields. Such a theoretical framework points to perceived ease
of use, perceived usefulness, compatibility, subjective norm and voluntariness as being the
main variables that influence the intention to adopt a given method. On the other hand, it
presents an empirical comparison of the perceived usefulness, ease of use and compatibility
of three methods and their corresponding developing environments which, in turn, are clear
exponents of the three mainstream development paradigms nowadays: code-centric, MBD
and MDD. This study was designed taking into account the common belief that the use
of models improves the developers’ perceived usefulness of the method [1-3], although it
somehow made the development process more difficult. Contrary to our assumptions and
the related work [56], using models in the context of an MBD environment is regarded as
useless and difficult, even if the subjects did not show a great degree of incompatibility

with the approach.

As expected, the MDD method was regarded as the least compatible with developers’
current practices, but the most useful in the long run. The fact that four out of five teams
chose to continue using the MDD method suggests that usefulness seems to have a much
greater impact on intention to use a method than compatibility, at least among junior

developers.

If we take a look at the reported advantages/disadvantages, which may explain the
developers’ decision to adopt/reject a given method, it seems that, for MDD, a lower deve-
lopment effort compensated for some perceived disadvantages, such as a greater learning
curve, lower compatibility or even lower reliability. This poses interesting questions in re-
lation to our theoretical model: should perceived usefulness be weighted as having more
importance than perceived ease of use or compatibility? Our data backs the claim made

in [40], where it was assessed that usefulness had a much greater impact on intention to
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employ a method than ease of use. Moreover, in our experiment compatibility is negatively
correlated with usefulness and ease of use. This poses some doubts about the relevance
of compatibility in a software development method adoption model as an independent

dimension, at least in the context of junior software developers.

The last contribution we would like to mention is that, to the best of our knowledge,
this study provides the first set of evidence on the perceived strengths and weaknesses of

the different paradigms with respect to intentions to adopt them.

All three contributions open new lines of research. If we consider the theoretical
model, we find that only three out of the five initial components have been studied. This,
together with the correlations found between the three components included, suggest that
it may be advisable to refine the model and the measurement instruments. That would
diminish the co-linearity of the variables and make it possible to fine-tune the prediction
power of the model. Such prediction power has not been formally tested, and remains as
another line of work. As regards specific methods, further experimentation is needed to
separate the effect of methods from that of their accompanying development environments
(Visual Studio 2010, Rational Software Modeler or the OOH4RIA tool) and to be able
to generalize the results to a different population, or to different methods and languages,
application types or application sizes. The perceived advantages and disadvantages of the
methods and their potential impact on the final decision to adopt them provide not only
valuable information for further refining the theoretical framework; they also give some
clues as to how to make decisions about the prioritization of improvements that need to

be made to the development environments.
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Appendix 5.A
5.A.1. Perceived usefulness

Please rate your level of agreement with the following statements:

| [1[23]4]5[6][7]
PU1L: I believe that my overall throughput

with this software development method

has been equal to that of an expert
PU2: I believe that this software development
method is efficient
PU3: 1 believe that this software development
method is reliable
PU4: I believe that this software development

method is useful
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5.A.2. Perceived ease of use

In general, I feel that this software development method is. . .

| [1]2]3[4[5[6]7]
PEUL: (1) Easy to use .. Difficult to use (7)
PEU2: (1) Tiring .. Not tiring (7)
PEU3: (1) Demanding .. Simple (7)
PEU4: (1) Fun .. Boring (7)
PEUS5: (1) Stressful .. Relaxing (7)
PEUG6: (1) Pleasant to use .. Unpleasant to use (7)
PEUT: (1) Inacceptable .. Acceptable (7)

5.A.3. Perceived compatibility

PC1: What is your level of previous experience with the techniques and tools involved in

this method?

= Low
= Medium
= High

5.A.4. Main advantages/disadvantages

Please note down the main three DISADVANTAGES of using this software development

method

Please note down the main three ADVANTAGES of using this software development

method
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APENDICE A
MODEL DRIVEN MAINTAINABILITY
ASSESSMENT OF WEB APPLICATIONS.

El contenido de este capitulo corresponde con el siguiente articulo: Martinez,
Y., Cachero, C. and Melid, S. - Model Driven maintainability assessment of
Web Applications. Actualmente en proceso de revision en la revista Empirical

Software Engineering.

Empirical Software Engineering es una revista que provee una via para la discusion de in-
vestigaciones relacionadas con la ingenieria de software con un fuerte componente empirico.
Los estudios empiricos presentados usualmente involucran la recopilacién y analisis de in-
formacion y experiencia que pueden ser utilizadas para caracterizar, evaluar e identificar
relaciones entre practicas, tecnologias y resultados en el desarrollo de software. Los temas
de interés son: ingenieria de software, programacion y sistemas operativos, lenguajes de
programacion y compiladores. La revista también ofrece revisiones detalladas de aplica-
ciones de tecnologias de software -procesos, métodos o herramientas-, asi como su eficacia

en la industria.

La revisata es editada por Springer Netherlands y tiene un factor de impacto de 1.854
en el 2011, de acuerdo con el indice de cita de Thomson’s Science Citation Index (SCI)

(http://www.isiwebofknowledge.com/).

187



Model Driven maintainability assessment of Web Applications. 188

Model Driven maintainability assessment of Web
Applications

Yulkeidi Martinez!, Cristina Cachero?, and Santiago Melia?

I Universidad Maximo Gémez Béez de Ciego de Avila, Cuba.

2 DLSI. Universidad de Alicante, Spain.

Abstract. BACKGROUND: Model-driven Engineering (MDE) approaches are
often acknowledged to improve the maintainability of the resulting applications.
However, there is a scarcity of empirical evidence that backs their claimed benefits
and limitations with respect to code-centric approaches.

OBJECTIVE: To compare the performance and satisfaction of junior software
maintainers while executing corrective and perfective maintainability tasks on Web
applications with two different development approaches, one being OOH4RIA, a
Model-driven approach, and the other being a traditional, code-centric approach
based on the Agile Unified Process.

METHOD: We have conducted an intra-subject quasi-experiment with 27 gradua-
ted students from the University of Alicante. They were aleatory divided into two
groups, and each group was assigned to a different Web application (PetStore and
MediaPlayer), on which they performed a set of maintainability tasks.

RESULTS: The data indicates that using the OOH4RIA MDE approach improves
the performance of subjects when they carry out maintainability tasks. It also tips
the satisfaction balance in favor of MDE approaches.

CONCLUSIONS: Model-driven development methods seem to improve both main-
tainability and satisfaction during the maintenance phase of Web development.
Consequently, they show a great potential for adoption. However, further experi-
mentation is needed to be able to generalize the results to different populations,

methods, languages and tools, different domains and different application sizes.
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1. INTRODUCTION

Model Driven Engineering (MDE) is a software development approach that heavily re-
lies on models and model transformations for the development, maintenance and evolution
of software [37, 43, 38]. The MDE community claims several advantages over traditional
development (code-centric) approaches, among which short and long term productivity
gains, improved project communication and improved quality of the resulting application
outstand [30, 20, 22]. The reason for such claims is that current MDE approaches offer
high-level abstractions that capture some of the most salient characteristics of modern
applications. Such abstractions can speed up the definition of application models that are
abstracted from implementation details, and therefore can be used to generate applications

for different implementation environments.

In particular, software maintenance is one of the areas in which MDE claims to be
able to make a greater impact in terms of both reliability and efficiency [10]. Software
maintenance is defined in the IEEE Standard 1219 [28] as “the modification of a software
product after being delivered to correct faults, improve performance or other attributes,
or to adapt the product to a modified environment”. More concisely, the ISO/TEC 25010
standard [29] states that maintainability is “the capability of the software product to be
modified”. Software maintenance is important because: (a) it consumes between 45 % and
60 % of the overall life cycle costs [50] and, (b) the inability to change software quickly

and reliably means that business opportunities may be lost.

However, despite the maintainability advantages claimed by the MDE community
and the potential impact of such claim, practitioners still lack a body of practical evidence
that soundly backs this assertion [24, 41]. This contrasts with other disciplines and even
other areas of Software Engineering (SE) [56]. Without empirical evidence, there is a
danger that resources be wasted and that software tools fail to develop appropriately [26].
Such evidence can be provided in the shape of empirical studies, which are crucial to the
evaluation of processes and human-based activities. The empirical studies include surveys,

experiments, case studies and postmortem analyses [55]. Experimentation, specifically,
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provides a systematic, disciplined, quantifiable and controlled way of evaluating human-

based activities.

In an effort to increase the empirical evidence regarding the impact of MDE approa-
ches on maintainability, this paper presents a quasi-experiment in which two groups of
junior developers have been asked to perform a set of maintainability tasks on two Web

applications.

The paper is structured as follows: Section 2 characterizes the maintainability concept.
Section 3 presents the empirical evidence regarding how maintainability is impacted by
the adoption of MDE methods. This characterization and the empirical evidence found in
literature set the context for the definition in Section 4 of the experimental design (context,
planning, operation and data collection mechanisms). Section 5 presents the data analysis
and an interpretation of results that takes into account the identified threats to validity.

Last, Section 6 concludes the paper and presents some further lines of research.
2. MAINTAINABILITY CONCEPTS

As we have previously mentioned, the ISO/IEC 25010 standard [29] defines maintai-
nability as “the capability of the software product to be modified”. Such modifications

can be of four different types [14]:

= Corrections: Corrective maintainability refers to the capability to detect errors, diagnose
the problems and fix them.

= Improvements: Perfective maintainability refers to the capability to extend the software
according to new requirements or enhancements.

» Adaptations: Adaptive maintainability refers to the capability to modify the software in
order to cope with the effects of environmental changes.

= Preventions: Preventive maintainability refers to the software capability to support in-

ternal reengineering processes without adverse impact.

These four types can be grouped into corrective tasks (corrections) and perfective tasks

(which encompass improvements, adaptations and preventions). From them, corrections
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and improvements are the two most common types of maintainability tasks in software
development [41], and therefore the two types of tasks that most heavily influence the

global maintainability of software applications.

Regardless of the type of maintainability task, in order to assess the maintainability
of software applications the ISO standard establishes that five different sub-characteristics

must be taken into account:

= Analysability: Capability of the software product to be diagnosed for deficiencies or causes
of failure in the software, or for the parts to be modified to be identified.

» Changeability: Capability of the software product to enable the application of a specified
modification.

= Stability: Capability of the software product to avoid unexpected effects from modifica-
tions of the software.

= Testability: Capability of the software product to enable modified software to be valida-
ted.

s Compliance: Capability of the software product to meet the standards or conventions

relating to maintainability.

The evaluation of such sub-characteristics may greatly vary depending on the way in
which the maintainability task is carried out. Maintainability tasks can be tackled in either
an unstructured or a structured manner. On the one hand, unstructured maintenance
postulates wading straight into the code of the target application in order to make the
necessary changes, normally with the help of specialized tools. Sometimes this process
relies on -automatic - maintainability measures that operate over the code of the target
application [16]. On the other hand, structured maintenance postulates examining and
modifying a pre-existing design, and then, either manually or automatically, redefining
the code to match it. Many authors claim that structured maintenance is a more reliable

and efficient process than unstructured maintenance [10].
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3. RELATED WORK

According to a systematic mapping covering the period 2001-2010 [34], the empirical
assessment of maintainability activities in MDE methodologies has been gaining momen-
tum during the last years. This notwithstanding, according to this study, out of the 599
publications related to the impact of the MDE paradigm on the product quality and pro-
cess productivity, only 14 (that is, barely a 2,34 %) focused on maintainability. Regarding
the impact of MDE over maintainability (with respect to traditional, code-centric approa-
ches), there is empirical evidence of the need of around 37 % less time to evaluate the
impact of a change in academic settings [38]. In industry, evidence has been gathered on
how the use of MDE causes defect reductions, reduced need for code inspections, and
produces maintenance gains, although such evidence is anecdotal [42]. In [25], based on
the results of an online survey, the authors report how the majority of respondents (bet-
ween 58 and 66 %) considered the use of MDE on their projects to be beneficial in terms
of personal and team productivity, maintainability and portability. Organizationally, the
benefits of MDE have been defined in terms of communication and control: almost 75 %
of respondents agreed that using MDE made them faster at implementing new require-
ments while nearly two thirds of respondents reported that their use of MDE helped in

the understanding and communication of organizational knowledge among stakeholders.

Last but not least, a recent empirical study [33] compared an MDE method (WebML)
[13] and a code-centric method (based on PHP), with respect to the performance and satis-
faction of junior software developers while executing analysability, corrective and perfective
maintainability tasks on Web applications. This study showed that the involved subjects
performed better with WebML than with PHP, although they showed a slight preference

towards tackling maintainability tasks directly over the source code.
4. DESCRIPTION OF THE EXPERIMENT

In May 2011, a quasi-experiment was conducted at the University of Alicante. A

quasi-experiment is a type of controlled experiment in which individuals or teams (the
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study units) engage in one or more tasks for the sake of comparing different processes,
methods, techniques, languages or tools (the treatments) [2]. In quasi-experiments subjects
are not randomly chosen but rather selected on the basis of certain criteria. In our study,
such criterion has been their attendance to a Master’s degree. Many authors have written
about the importance of providing empirical evidence in SE [18, 30]. Quasi-experiments,
although suffering from a lower internal validity than true experiments, are widely used
and deemed useful in the Empirical SE field, since they allow investigations of cause-effect

relations in settings such as ours, in which randomization is too costly [2].

In the context of the characterization presented in Section 2, the global aim of our
study has been to compare structured wvs. unstructured changeability when dealing with

corrections and improvements of modern Web applications.

Unstructured maintenance has been performed with a code-centric approach (based
on C# and the .NET framework), while structured maintenance tasks have been perfor-
med with an MDE approach, based on the OOH4RIA approach and supported by the
OOH4RIA IDE tool. We are conscious that the choice of specific tools and languages di-
minishes the external validity of the study, that is, the generalizability of the results. Such
a selection was necessary, nevertheless, in order to provide a real working environment,
and thereby increase the construct validity of the experiment. This issue will be further

discussed in Section 5.6.

4.1 Goals and Context Definition. Following the GQM template [48], this em-
pirical study is aimed at analyzing OOH4RIA and .NET for the purpose of evaluating
model-driven (structured) against code-centric (unstructured) changeability practices with
respect to their performance and satisfaction from the point of view of junior developers.
The context of the study is graduate students enrolled in the “Master in Web Applications
Development” at the University of Alicante, where both a code-centric Web development

process (based on a .NET language) and a model-driven Web development process (based

on the OOH4RIA method) are taught.
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On the one hand, the focus on changeability is due to the fact that, specially in MDE
environments, not all the maintainability sub-characteristics are equally critical. Provided
that the chosen MDE approach is mature enough (such as is the case of OOH4RIA), we can
safely assume testability and compliance: in an automated code generation environment
these issues are taken good care of during the code generation process. Also, OOH4RIA
provides many clues about possible errors and side effects -a facility that is not available
for the .NET environment-, which hampers the comparability of any kind of analyzability

or stability measures.

On the other hand, as we have previously mentioned, the selection of corrections and
improvements as the task types included in our study is due to the fact that corrections
and improvements are the two most common types of maintainability tasks in software
development [41]. The design of the experiment is based on the framework for experimen-
tation in SE research [55]. Also, a laboratory package has been compiled for the sake of

replicability [7].
The research questions addressed in this study have been formulated as follows:

RQ1: How does the maintainability performance (objective efficiency and objective ef-
fectiveness) of the OOH4RIA methodology compare with respect to the maintainability
performance of a traditional, code-centric, methodology using .NET?

RQ2: How does the maintainability satisfaction (perceived usefulness and perceived ea-
se of use) of the OOH4RIA methodology compare with respect to the maintainability

satisfaction of a traditional, code-centric, methodology using .NET?
All the questions have been devised to be answered by quantitative means.

4.1.1 Subjects. The experimental subjects of our study were 27 students enrolled in
the “Master in Web Applications Development” at the University of Alicante during the
year 2010-2011. The sample comprised 26 men and 1 woman, of whom 75% had more

than 2 years of experience developing Web applications. The mean age of the participants
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was 25,6 years old and all of them were Computer Engineering graduates of the University

of Alicante.

Regarding the subjects’ level of knowledge with respect to the different technologies
and methods used during the experiment, a pretest questionnaire showed that the subjects
had no previous practical knowledge of MDE, although 56 % of them were aware of the
existence of the paradigm. This notwithstanding, 81 % knew UML (the standard on which
the OOH4RIA method is based), and, from them, 12 % considered that they had a high-
level of knowledge of UML. It should also be noted that 76 % of the subjects had previously
programmed with .NET technology during their degree course, although only 12 % had
applied it in industry. By the time the experiment took place, the subjects had received
additional training both in .NET and OOH4RIA. Such training consisted in 30 hours of
training in programming in C'# using Visual Studio 2010 and 30 hours of training in UML
modeling and the OOH4RIA tool.

4.1.2 Sensitivity analysis of the design. Since our sample size was fixed, and came
determined by the number of students enrolled in the master degree, we decided to conduct
a power analysis before going on with the experiment. The objective of this analysis was
to make sure that the analyses had enough power as to limit the risk of a Type II error
(accepting the null hypothesis when in fact is false) to a minimum. Cohen [15] suggests
that the power of an analysis should be greater or equal to 0,7 to be of use. This means a

maximum of a 30 % chance of failing to detect an effect that is there.

Also based on the work of Cohen [15] and some previous results reported in literature
(see Section 3), we decided to set 0.3 as the minimum effect size we were interested in
(that is, the method used accounting for at least 30 % of overall (effect+error) variability).
Lower effects are of little interest in our context, given the great investment needed to

change a development method inside an organization.
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The 27 subjects of our experiment yielded 54 observations, which is the actual sample
size, since we did not take advantage of the repeated measures character of our design.

The reason is that the tasks performed with each methodology were not equivalent.

A sensitivity analysis of all these parameters (alpha = 0,05; desiredpower = 0,70; totalsamplesize
54) yielded a detectable effect size of 0,34, which approaches the 0,3 limit set by our design.
Therefore we decided to go on with the experiment. This calculation was done with the

statistical tool G*power 3.1.5 [1].

4.1.3 Applications. Subjects were randomly assigned to either one of the following

two applications:

= A Petstore application (an adaptation of an example used in [51]). This application is a
virtual store of pets (Petstore) in which a client (Client) can carry out many purchase
orders (Orders). The client can add to her purchase as many order lines (OrderLines)as
she needs. A pet (Article) can be associated to many order lines. Pets (Article) can
be classified into categories (Category), e.g. Bird, and subcategories (Subcategory), e.g.
Predator.

= A Mediaplayer application (used in [19, 20]). This application is a music reproducer that
allows a User (User) to manage a group of songs (Song), and to define lists of reproduction
(Playlist). The application allows to organize each song according to different criteria
(gender, year, etc.). Also, each song, besides the URL location, may contain information
on the record company, cover, letter, duration, etc. The application also stores the artists

(Artist) and the albums (Album) to which such song belongs.

For both applications, subjects performed the maintainability tasks on the server
side. Both applications share the application type (data-intensive) and the complexity.
Such complexity was controlled by assuring that both applications had a similar number
of lines of code in .NET [4] and, at the same time, a similar number of conceptual clas-
ses in OOH4RIA. Lines of code is generally preferred over functional points to measure

complexity due to its higher reliability since it does not involve human judgement [55].
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4.1.4 Implementation environment.

The implementation environment was chosen taking into account the need for such
environment to be able to successfully deal with the kind of important challenges posed by
modern Web applications regarding architecture, functionality and user interfaces. To face
these new necessities, a number of technologies have been proposed, fostering the adoption
of server-side and client-side languages for the Web. Within this plethora of proposals,
some technologies have been largely adopted by practitioners. Server-side scripting is one
of such technologies, through which the generation of HI'ML markup is achieved by means
of languages like JSP, PHP, or any .NET language (such as Visual Basic, Visual C'++
with Managed Extensions, C# or JScript), to name a few. Among them, C# [9] is defined
as a simple, modern, object-oriented, and type-safe programming language derived from
C and C++, developed especially for the .NET platform. The .NET runtime components,
frameworks, and languages are all tied together under the Visual Studio environment [23].
In our experiment we have chosen C# and Visual Studio .NET as representatives of a
modern programming environment for the Web that is currently being used by a large

community of software practitioners.
With respect to the MDE paradigm, there are two tool mainstreams:

= Some proposals opt to apply the UML profiling mechanism to extend the different UML
elements by defining constraints and adding tag values, so as to introduce domain-specific
semantics. In this category, there is a large set of tools that enables code to be genera-
ted. However, only two of these tools can generate an NHibernate-based object-oriented
business logic,as well as persistence layers. These are Modelio [6] and Visual Paradigm
[3]. Both of them are commercial, and they do not provide academic licenses.

= A second set of proposals, which has been gaining momentum over recent years due to
the increasing complexity of Web applications [53], defines Domain-Specific Languages
(DSLs), that is, relatively simple languages (graphical or textual) that are created to
model some problem domain. To do that, each DSL requires the definition of a MOF

metamodel (including OCL constraints) and a graphical or textual language to represent
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its concrete syntax. Among the commercial MDE tools in this second set we can cite
Integranova [5] and RadarC [27]. Also, several proposals have been developed in uni-
versities, such as OOH4RIA [36], OOHDM [52], RUX [31], WebML [13], UWE [49] and
OOWS [54].

Given the fact that none of the aforementioned proposals is standard or even widely
adopted, and due to the lack of academic licenses for any of the commercial tools, we
have opted to use OOH4RIA as a representative of a modern MDE environment. The
OOH4RIA approach extends the OOH method [12] and proposes a complete development
process based on a set of models and transformations that allow to go from conceptual
models to code. OOH4RIA is also equipped with an Implementation Development Envi-
ronment (IDE) [37] that offers support for both the design activities and the automatic
code generation process. This IDE is based on the Eclipse Modeling Project [21], an open
source software whose main purpose is to provide a highly integrated platform tool [11].
OOH4RIA is free of charge for universities, and it is taught as part of the Master’s degree

in which the experiment took place.
Summarizing, the following implementation environment was set up:

Development framework: .NET framework, Silverlight 4.0 and NHibernate (Object-Relational
Mapping).

Coding IDE: Visual Studio 2010.

= Modelling tool: OOH4RIA

= Code Generation tool: OOH4RIA

» Languages: C'# and XML Mapping (ORM mapping of NHibernate).

= Other tools: The set of questionnaires filled-in by each developer, which were published

online.

4.2 Experiment Planning. As we have mentioned previously, and due the fact that
the subjects were not randomly chosen but rather selected on the basis of their attendance

to a Master’s degree, our study belongs to the quasy-experiment category.
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The subjects were randomly assigned to either one of the two available applications,
and they were asked to perform ten maintainability tasks, five with the code-centric ap-
proach and five with the model-driven approach. Some of the tasks were corrective and
some were perfective. For each task type they started with a new project that they down-
loaded from the master’s Web site [52]. They had a time limit of two hours. The order
in which each subject applied each method was randomized to avoid order effects. Such

randomization can be seen in Table A-1.

Tabla A—1: Experiment cross-tabulated design

‘ Subject ‘ Corrections ‘ Improvements ‘ Application ‘

S1-S6 OOH4RIA NET Petstore
S7-S13 NET OOH4RIA Petstore
S14-520 | OOH4RIA NET MediaPlayer
S20-S27 NET OOH4RIA MediaPlayer

The subjects were supervised by two instructors in order to avoid interaction bias.
After each group of tasks, the students were asked to rate their experience regarding the

method used.

4.2.1 Variables. Given the research questions presented in Section 4, we have defined

the following Independent (experimentally manipulated) Variables (IV) or factors:

= Meth: Method, a categorical variable with two levels: code-centric and MDD. It is im-
portant to note that, in this experiment, when we refer to method, we are in fact talking
about a compound variable (method*tool), due to the coupling of these two variables in
our experimental settings.

= App: Application, a categorical variable with two possible values: Petstore and Media-

player

We can characterize Meth as a fixed factor (since it includes the two methods we
are interested in testing), while App can be regarded as a random factor (since these
two applications are just two examples of the application population). Furthermore, as

we have previously mentioned, we have treated the observations of subjects working with



Model Driven maintainability assessment of Web Applications. 200

each method as independent, which makes of our design a two-way mixed inter-subject

design.

The dependent (measurable) variables (DV) have been defined based on a well-known
Method Adoption Model [44], which is rooted in sound evidence from related fields [43],
and has been further refined in [35]. According to this model, performance of developers is
determined by their actual -objective- effectiveness and efficiency while using the method.
Satisfaction, in turn, is determined by their perceived usefulness and their perceived ease of
use while using the method. The definition of these variables as they are to be understood

in the context of our study is as follows:

= Actual Effectiveness (AEffv). It represents the number of modifications both syntactically
and semantically correct carried out by the subjects. Semantically correct modifications
not only preserve the executability of the program (correct syntax) but they also fulfill
the modification requirement. In our study the corresponding variable has been defined
as a ratio variable whose value ranges from 0 (the subject did not carry out any task
correctly) to 10 (all the tasks were successfully completed).

= Actual Efficiency (AEffc). It represents the tasks carried out per second. In our study it
is defined as a ratio scale. The derived measure associated is calculated as AEffv divided
by time (in hours).

» Perceived Usefulness (PU). It represents the extent to which a developer believes that
using the method will enhance her job performance. In our study it has been measured
through four measures:

e Perceived Effectiveness (PEffv): An interval variable, measured through a 5-point
questionnaire item that represents the subjective percentage of tasks that the sub-
ject thinks she correctly addressed.

e Perceived Certainty (PCert): An interval variable, measured through a 5-point ques-
tionnaire item that represents the subjective certainty of the subject with respect

to the correction of the proposed modifications.
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e Perceived Stability (PStab): An interval variable, measured through a 5-point ques-
tionnaire item that represents the subjective opinion of the subjects with respect
to the proposed modifications not having any collateral or unexpected effect in the
application (e.g. the introduction of new errors).

» Perceived Ease of Use (PEU). It represents the degree to which a developer believes
that using a particular method will be free of effort. The easier developers consider the
method to be, the more likely they are to adopt it. Again, in our study we have divided
this concept into a number of subcomponents:

e Perceived Efficiency (PEffc): An interval variable, measured through a 7-point ques-
tionnaire item that represents the subjective efficiency of the subject while carrying
out the maintainability tasks.

e Perceived Complexity (PCompl): An interval variable, measured through a 7-point
questionnaire item that represents the subjective difficulty of carrying out the main-
tainability tasks.

e Perceived Learnability (PLearn): An interval variable, measured through a 7-point
questionnaire item that represents the subjective opinion of the subjects with res-
pect to how easy it is to learn how to perform maintainability tasks with the method.

e Perceived Satisfaction (PS): an interval variable based on a semantic-differential

Likert scale made up of 11 items, each one being a 7-point item.

This model also establishes the influences among variables. Such influences are repre-
sented in Figure A—1 as arrows. Particularly, this model states that it is the subjective
experience of developers what determines their intention to adopt a given method, and,

eventually, what determines their actual behaviour (be it adopting or rejecting the met-

hod).

In this figure (Figure A-1), the variables (clouds), the measures (hexagons) and the
influences (arrows) actually put to test by our experiment have been stressed with solid
colours and lines, while the parts of the model that have been left out of our experiment

are marked with shaded colors and dashed lines. Figure A—1 also reflects the direction
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Figura A—1: Theoretical Method Adoption Model components and their associated experimental
variables (adapted from [58]).

of the effect: positive (some +) or negative (some —). In particular, the model states
that AEffv positively affects PU, and AEffc positively affects PEU. Additionally, PEU

positively affects PU.

4.2.2 Hypotheses. These model dimensions and measures have been used to define
the following null and alternative hypotheses, which are based on the research questions
presented in Section 4. In the case of the alternative hypotheses, the sense of the inequa-
lities is rooted in the the existing empirical evidence, which was presented in Section 4.1.
This notwithstanding, in order to test the hypotheses, two-tailed tests have been used,

implying that no direction of the possible inequality has been assumed whatsoever.

» Actual Effectiveness Hypothesis (HAEffv, RQ1).
o HAEf fvy: AEffv(MDE) = AEffv(code-centric). The effectiveness of junior software
developers while carrying out maintainability tasks over OOH4RIA and over the
NET framework do not significantly differ. This fact holds regardless of the actual
application being developed.
o HAEf fva: AEffv(MDE) > AEffv(code-centric).
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= Actual Efficiency Hypothesis (HAEffc, RQ1).
o HAEf fco: AEffc(MDE) = AEffc(code-centric). The efficiency of junior software
developers while carrying out maintainability tasks with OOH4RIA and with Vi-
sual Studio do not significantly differ. This fact holds regardless of the particular

application being developed.
o HAEf fca: AEfic((MDE) > AEffc(code-centric).

s Perceived Efficiency Hypothesis (HPEffc, RQ2).

e HPEf fcy: PEffic(MDE) = PEffc(code-centric). Performing maintainability tasks
with the OOH4RIA method and environment make subjects feel as efficient /inefficient
as performing maintainability tasks with Visual Studio and .NET code. This fact
holds regardless of the particular application being developed.

o HPEf fca: PEffc(MDE) > PEffc(code-centric).

= Perceived Complexity (HPCompl, RQ2).
e HPComply: PCompl(MDE) = PCompl(code-centric). Performing maintainability
tasks with OOH4RIA is regarded by subjects as complex as performing them with
Visual Studio and .NET code. This fact holds regardless of the particular application

being developed.
e HPCompls: PCompl(MDE) > PCompl(code-centric)’.

» Perceived Learnability (HPLearn, RQ2).
e HPLearny: PLearn(MDE) = PLearn(code-centric). Learning how to carry out
maintainability tasks with OOH4RIA is regarded by subjects as easy/difficult as
learning to carry them out over .NET code. This fact holds regardless of the parti-

cular application being developed.

e HPLearna: PLearn(MDE) > PLearn(code-centric).

!This scale item has been reversed so that higher ratings correspond to more positive feelings, that is,
to less perceived complexity.
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Perceived Satisfaction (HPSatisf, RQ2).

o HPGS,: PSatisf(MDE) = PSatisf(code-centric). Using the OOH4RIA method and
environment to carry out maintainability tasks is regarded by subjects, generally
speaking, as satisfying as using Visual Studio to directly manipulate the .NET code.
This fact holds regardless of the particular application being developed.

e HPGS,: PSatisf(MDE) > PSatisf(code-centric).

s Perceived Ease of Use (HPEU, RQ2).

e HPGEU,: PGEU(MDE) = PGEU(code-centric). Using the OOH4RIA method and
environment to carry out maintainability tasks is regarded by subjects, generally
speaking, as easy/difficult as using Visual Studio to directly manipulate the .NET
code. This fact holds regardless of the particular application being developed.

e HPGEU,: PGEU(MDE) > PGEU(code-centric).

= Perceived Effectiveness Hypothesis (HPEffv, RQ2).
e HPEf fuy: PEffv(MDE) = PEffv(code-centric). Performing maintainability tasks
with the OOH4RIA method and environment make subjects feel equally effective/ineffective
than performing maintainability tasks with Visual Studio and .NET code. This fact
holds regardless of the particular application being developed.
e HPEf fvs: PEffv(MDE) > PEffv(code-centric).

= Perceived Certainty Hypothesis (HPCert, RQ2).

e HPCerty: PCert(MDE) = PCert(code-centric). Subjects feel as secure/insecure
with the result of carrying out maintainability tasks with the OOH4RIA method as
with the result of carrying them out with Visual Studio and .NET code. This fact
holds regardless of the particular application being developed.

o HPCerty: PCert(MDE) > PCert(code-centric).
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» Perceived Stability Hypothesis (HPStab, RQ2).

e HPStaby: PStab(MDE) = PStab(code-centric). Subjects feel that the result of
carrying out maintainability tasks with the OOH4RIA method are as stable as
the result of carrying them out with Visual Studio and .NET code. This fact holds
regardless of the particular application being developed.

e HPStaby: PStab(MDE) > PStab(code-centric).

s Perceived Usefulness Hypothesis (HPU, RQ2).
e HPUy: PUMDE) = PU(code-centric). Subjects feel that OOH4RIA is as useful to
carry out maintainability tasks as Visual Studio and the .NET code. This fact holds

regardless of the particular application being developed.

e HPU,: PUMDE) > PStab(code-centric).

4.2.3 Experiment instrumentation. The materials used in our quasi-experiment, which

are included in a replication package [7], have the following structure:

1. Subject confidential agreement

2. Subject instruction sheet.

3. Project Booklet. There are two modalities: A (corresponding to the Petstore application)
and B (Mediaplayer application). Whatever the modality, the contents of the booklet
include a) a description of the architecture of the application, b) a functional description
of the application and, ¢) an URL where the subjects can download the file with the
application. The file contains both an OOH4RIA project and a Visual Studio 2010 Gene
project

4. Pre-experiment questionnaire: It includes demographic questions as well as questions
about subjects’ previous experience with Web application development, Web program-
ming and application modeling.

5. Experimental tasks: Sheet with the two blocks of tasks: five corrective and five perfective.
It also includes a sheet where subjects self-report the time that it has taken them to carry

out the tasks in that block.
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6. Post-experiment questionnaire. Questions to gather the subjective opinions of the sub-

jects regarding each method: PCert, PEffc, PStab, PEffv, PCompl, PLearn and PSatisf.

To make the comparison possible, the OOH4RIA and the .NET experiment materials
for both applications and both blocks of tasks were designed to be as similar as possible
in terms of both the layout of the information and the information content. Tasks were

controlled to be equivalent for both applications.
4.3 Operation and data collection procedures.

As we have previously mentioned, the experiment was carried out during the last
session of the Master, once the subjects had received all the needed training on both
methods. Previous to this session, a pilot test was run with two subjects having attended
the Master the year before. With this pilot, it was decided that a two-hour period was

enough to finish the assignment.

The operation phase of the experiment was defined as follows. First, the students filled
in the pre-experiment questionnaire with demographic and previous experience data. Then,
half of the students received Modality A - Petstore - and half of them received Modality
B - Mediaplayer -. In both modalities the user had to perform a set of corrective and

perfective changeability tasks.

The instructors indicated to each subject which block they were to carry out with the

code-centric approach, and which one had to be completed with OOH4RIA.

After completing both sets of tasks, the subjects were asked to complete a post-
experiment questionnaire, where they had to subjectively rate their efficiency and ef-
fectiveness with each method, as well as the perceived certainty, stability, complexity,

learnability and satisfaction of their maintainability work.

To maintain the comparability of the data collected during the experiment, no feed-
back was given to the subjects on their performance with the tasks. We also controlled

that no interaction between participants occurred.
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The performance-based variables (AEffc and AEffv) were manually calculated by one
of the instructors, based on the code and the OOH4RIA projects that the students handed
in. Since the assignments were use to rate the students, all students completed them, so
there are no missing values to be taken care of. The time it took them to finish each type
of task was self-reported through a form. The subjective variables were recorded with a
set of online questionnaires. The tool used to manage such questionnaires is Qualtrics [8].
For the subjective measures, some students did leave some of the questions blank. In such
cases, we have followed the strategy of leaving those observations out of the analysis. For
this reason, the degrees of freedom of the subjective hypotheses may slightly vary from

hypothesis to hypothesis.
5. DATA ANALYSIS AND INTERPRETATION OF RESULTS

All the analyses were performed with the PASW (Predictive Analytics SoftWare)
package, v18 [47].

5.1 Theoretical Model Validation. In order to check whether the grouping of the
satisfaction variables into two main constructs (PEU and PU), suggested by the theoretical

model (see Fig. A-1), actually fitted our data, we have performed a Principal Component

Analysis (PCA).

The first step of such analysis is to determine the number of components. The screen
plot presented in Fig. A-2 (a) helps us to determine that the optimal number of compo-
nents to be extracted is two (see the steep slope in Figure A-2 (a)), while the components

on the shallow slope contribute little to the solution.

Then, the rotated component matrix (varimax rotation) has helped us in determining
which variables belong to each component. In the scatterplot matrix of Figure A-2 (b) we
can observe how all measures associated with PEU variable in the theoretical model form
a cluster, while all the measures related with PU form a second cluster. Therefore we can
conclude that our data fits well with the variable grouping suggested by the theoretical

model.
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Figura A-2: Plots of Factor Analysis.
5.2 Reliability of the measurement instruments. Prior to the assessment of
the hypotheses, we checked the reliability of the scales in the context of our experimental

settings. We applied the Cronbach’s Alpha test, which revealed the following results:

s For the PSatisf scale (a semantic-differential scale made up of eleven items), all the
items showed a correlation higher than 0,3 with the general construct, while the global
Cronbach’s Alpha of 0,89, giving proof of high internal consistency among the PSatisf
items. It is therefore meaningful to calculate the mean, in order to use it as a global
rating of PSatisf.

s For the PU scale (made up of three items: PEffv, PCert and PStab, see Fig. A-1),
although all the items showed a correlation higher than 0,3 with the general construct,
the Cronbach’s Alpha remained rather low (alpha = 0,676), giving proof of low internal
consistency among the items.

= For the PEU scale (made up of four items: PSatisf, PCompl, PLearn and PEffc, see Fig.
A-1) the Cronbach’s Alpha showed a moderate degree of reliability (o = 0,764), with all
items showing an item-total correlation higher than 0,3. This internal consistency also
makes possible to calculate a global PEU value (PEU-Total) by averaging scorings for

the items.
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The remaining subjective measures were single-item scales.
5.3 Descriptive statistics.

Table A-2 summarizes the means (Mean) and Standard Deviations (SD) for each
variable. Both the tasks (corrective and perfective) used to measure efficiency and ef-
fectiveness, and the subjective scales, are part of the replication package [7]. The whole

questionnaires are presented in Appendix A.A

Tabla A—-2: Descriptive statistics

Variables NET OOH4RIA | Petstore Mplayer
Mean | SD | Mean | SD | Mean | SD | Mean | SD

AEfty 3,33 | 1,11 422 | 0,89 | 3,92 | 1,02 | 3,64 | 1,16
AEftc 3,84 | 207 12,34 | 6,21 | 9,73 | 7,34 | 6,56 | 4,75

PU-PEffv | 3,74 | 0,91 | 423 | 0,87 | 421 | 1,03 3,81 | 0,80
PU-PCert | 3,33 | 0,78 | 3,74 | 0,81 | 3,73 0,72 | 3,36 | 0,87
PU-PStab | 3,26 | 0,76 | 3,07 | 1,0 | 3,46 | 0,58 | 2,89 | 1,03
PU-Total NA | NA| NA | NA| NA | NA| NA | NA
PEU-PEffc | 457 | 1,16 | 5,37 | 1,21 | 5,00 | 1,33 | 4,96 | 1,20
PEU-PLearn | 427 | 1,37 | 4,62 | 1,52 | 4,84 | 1,49 | 4,07 | 1,33
PEU-PCompl | 3,96 | 1,40 | 4,88 | 1,42 | 4,68 | 1,40 | 4,18 | 1,52
PEU-PSatisf | 4,63 | 0,96 | 4,56 | 0,94 | 4,69 | 1,00 | 4,51 | 0,88
PEU-Total | 4,35 | 0,88 | 4,83 | 1,05 | 4,77 | 1,10 | 4,43 | 0,86

(NA: Not applicable)

Next we present the analyses of the different hypotheses. It is important to note that,
since ANOVA presents a high degree of robustness with respect to both ordinality and non-
normality of the scale [46], treating all the scales associated with the different subjective
variables as interval measures for the refutation of the hypotheses derived from RQ1 and
RQ2 does not pose an important threat to the conclusion validity of the study. This is
also consistent with the general opinion that Likert scales that are defined by means of
sufficient (typically 7 or 9-point) symmetric and equidistant Likert items approximate an
interval-level measurement. Furthermore, treating the scale as interval can be beneficial,

because otherwise some valuable information (the ’distance’ between opinions) could be

lost [46].
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5.4 RQ1: Performance of treatments.

As it was depicted in Figure A—1, performance is made up of two components: actual

efficiency and actual effectiveness.

For the refutation of all the hypotheses related to performance we have applied a
two-way mixed design ANOVA (a = 0,05), in which App is a random factor, Meth is a
fixed factor and the different components of performance (AEffv and AEffc) are the DVs.
The fact that the number of observations per cell (Meth*App combination) is as equal as

possible contributes to the robustness of these analyses.

To test the HAEffv hypothesis (concerning the existence of significant differences in
the actual effectiveness of the two methods), we have first calculated the Levene’s statistic.
The result (F'(3,50) = 0,919; p = 0,439) allows us to assume homogeneity of variance and
go on with the ANOVA analysis.

The results show that the interaction Meth*App is not significant (£'(1,50) = 0,014; p >
0,05). We can then safely examine the main effects of the two independent variables (App
and Meth) on these means without needing to qualify the results by the existence of
a significant interaction. For the Meth variable, the subject’s effectiveness when using
OOH4RIA (M = 4,22;SD = 0,89) is significantly greater than the effectiveness of sub-
jects using .NET code (M = 3,33;SD = 1,11): (F(1,50) = 729;p < 0,05). Furthermore
the effect size is very high. The partial Eta squared is 0,999, which means that the fac-
tor Meth by itself accounts for 99,9 % of the overall (effect4-error) variance. They also
show that subject’s effectiveness is slightly greater with Petstore (M = 3,92;SD = 1,02)
than with Mediaplayer (M = 3,64; SD = 1,16). However, this difference is not signifi-
cant (F(1,50) = 72,25;p > 0,05). This means that the differences in Effectiveness are
significantly affected by the method used, regardless of the particular application being

developed.

We can observe these results graphically in Figure A-3 (a). The fact that the particular

application is not significant is reflected in the lines being quite close to each other. The
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Meth variable influence is reflected in the slope of the lines. Finally, the lack of significance
of the Meth*App interaction is reflected in the lines being more or less parallel (all of them
showing the same tendency with each method). The same graphical clues hold for the rest

of the graphics.
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Figura A-3: Actual Performance.

Then, we have tested the HAEffc hypothesis (in tasks per hour). The Levene’s

statistic (F'(3,50) = 5,788; p = 0,002) indicates a violation of the assumption.

In order to overcome this problem, we have applied a logaritmic transformation of
the data: we consider the variable LAEffc now as Ln(AEffc). With the transformed va-
riable, the Levene’s coefficient is F'(3,50) = 0,421;p > 0,05, which allows us to accept the

assumption and continue with the analysis.

The results show that the interaction Meth*App is not significant (£'(1,50) = 0,042; p >
0,05; 5 = 0,945). We can then safely examine the main effects of the two independent va-
riables (App and Meth) on these means without needing to qualify the results by the
existence of a significant interaction. For the Meth variable, the Ln of the subject’s effi-
ciency when using OOH4RIA (M = 12,34; SD = 6,21) is significantly greater than the
Ln of the subject’s efficiency when acting on the .NET code (M = 3,84;SD = 2,07):
(F(1,50) = 1197,29; p < 0,05). Again, the effect size is very high. The partial Eta squared
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is 0,999, which means that the factor Meth by itself accounts for 99,9 % of the overall
(effect+-error) variance. They also show that subject’s efficiency is not significantly diffe-
rent between Petstore (M = 9,73; SD = 7,34) and Mediaplayer (M = 6,56; SD = 4,75):
(F(1,50) = 141,42, p > 0,05). This means that the differences in efficiency are significantly
affected by the method used, regardless of the particular application being developed. We

can observe these results graphically in Figure A-3 (b).
5.5 RQ2: Satisfaction of treatments.
As presented in Figure A—1, satisfaction is made up of two components: PU and PEU.

On the one hand, PU is made up of three components: perceived certainty, perceived
stability and perceived efficiency. They make up a three-item scale that, however, according
to the data gathered in our experiment, has a rather low level of reliability (see Section
5.2). For this reason, we have finally left out of our experiment the HPU hypothesis, since

we lack a reliable enough instrument to measure such construct, and we have centered on

HPEftfv, HPCert and HPStab.

PEU, on the other hand, is made up of four different components: perceived comple-
xity, perceived learnability, perceived satisfaction and perceived efficiency. Since the four
items make up a scale with sufficient internal reliability, we can safely assume that all
these constructs can be used to calculate their mean as the global value for the PEU of
the method. Therefore, all five hypotheses (HPEffc, HPLearn, HPCompl, HPSatisf and
HPEU) can be tested.

Again, for the refutation of all the hypotheses related to both PEU and PU we have
applied a two-way mixed design ANOVA (a = 0,05), in which App is a random factor,
Meth is a fixed factor and the different components of PU are the DVs. The fact that the
number of observations per cell (Meth* App combination) is as equal as possible contributes
to the robustness of these analyses. Previous to the analyses, we reversed some of the
questionnaire items so that higher ranks always corresponded to more positive feelings

(more learnable, less complex, more efficient, and so on).
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Next, we present the data analyses.

5.5.1 Perceived usefulness. To test the HPEffv hypothesis (concerning the existence
of significant differences in the percentage of tasks that the subject thinks she correctly
addressed with the two methods), we have calculated the Levene’s statistic to check whet-
her the population variances are equal. The result (F'(3,41) = 0,66;p > 0,05) allows us to

assume homogeneity of variance.

The results show that the interaction Meth*App is not significant (F'(1,41) = 0,26;p >
0,05). We can then safely examine the main effects of the two IV (App and Meth)
on these means without needing to qualify the results by the existence of a signifi-
cant interaction. For the Meth variable, the subject’s perceived effectiveness when using
NET (M = 3,74;SD = 0,91) is slightly lower than the effectiveness of subjects wor-
king over OOH4RIA (M = 4,23;SD = 0,87). However, this difference is not signifi-
cant: (F(1,41) = 14,74;p > 0,05). The results also show that subject’s perceived ef-
fectiveness is slightly greater with Petstore (M = 4,21;SD = 1,03) than with Me-
diaplayer (M = 3,81;SD = 0,80), although this difference, again, is not significant:
(F(1,41) = 9,62;p > 0,05). This means that the differences in Perceived Effectiveness
are not significantly affected neither by the method used nor by the application imple-

mented. These results can be graphically observed in Figure A—4.
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Figura A—4: Perceived Effectiveness
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Regarding the HPCert hypothesis (concerning the existence of significant diffe-
rences of subject’s secure/insecure with the result of carrying out maintainability tasks
with the two methods), the Levene’s statistic (F'(3,50) = 3,02;p < 0,05) indicates a vio-
lation of the assumption. In order to overcome this problem, we have applied a logaritmic
transformation of the data: we consider the variable LPCert now as Ln(PCert). Again
the result of the Levene’s statistic (£(3,50) = 2,97; p < 0,05) indicates a violation of ho-
mogeneity of error variance. For this reason, another logaritmic transformation has been
applied, and now LPCert equals LnGamma(PCert). With the transformed variable, the
Levene’s statistic is F'(3,50) = 2,08;p > 0,05, which allows us to accept the assumption

of homogeneity of variance and continue with the analysis.

The results show that interaction Meth*App is not significant (F'(1,50) = 0,31,p >
0,05). Therefore we can safely examine the main effects of the two IV (Meth and App)
on these means without needing to qualify the results by the existence of a significant
interaction. For the Meth variable, the LnGamma of subject’s perceived certainty with
respect to the correction of the proposed modifications when using OOH4RIA (M =
3,74; SD = 0,81) is slightly higher than the LnGamma of subject’s perceived certainty
when using .NET (M = 3,33;SD = 0,78): (F(1,50) = 12,55;p > 0,05), but the main
effect of method does not attain significance. Also, the LnGamma of subject’s perceived
certainty is slightly higher with Petstore (M = 3,73; SD = 0,72) than with Mediaplayer
(M = 3,36; SD = 0,87): (F(1,50) = 8,16;p > 0,05), although this difference, again,
is not significant. This means that the differences in perceived certainty is not affected
significantly neither by the methodology nor by the application. We can observe these

results graphically in Figure A-5 (a).

As for the HPStab hypothesis (concerning the existence of significant differences of
perceived stability of the subjects with respect to the proposed modifications not having
any collateral or unexpected effect in the application with the two methods), the Levene’s

statistic (F(3,50) = 2,45;p > 0,05) allows us to assume homogeneity of variance.
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Figura A-5: Certainty and Stability in Perceived Usefulness.

The results show that the interaction Meth*App is not significant (£'(1,50) = 0,02;p >
0,05). We can then safely examine the main effects of the two IV (Meth and App) on
these means without needing to qualify the results by the existence of a significant in-
teraction. For the Meth variable, the subjects perceived stability of proposed modifica-
tions with .NET code (M = 3,26; SD = 0,76) is slightly superior to the subjects’ percei-
ved stability when using OOH4RIA (M = 3,07; SD = 1,00), although not significantly:
(F(1,50) = 37,10;p > 0,05). The results also show that the perceived stability of sub-
jects is significantly greater with Petstore (M = 3,46; SD = 0,58) than with Mediaplayer
(M =2,86; SD = 1,03): (F(1,50) = 354,124; p < 0,05). Furthermore, the App effect size
is very high. The partial Eta squared is 0,997, which means that the factor App by itself
is able to account for 99,7 % of the overall (effect4-error) variance. This means that the
differences in perceived stability are significantly affected by the particular application
being developed, regardless of the method used. We can observe these results graphically
in Figure A-5 (b).

5.5.2 Perceived ease of use. To test the HPEffc hypothesis (concerning the existence
of significant differences of the subjective performance of the subject while performing the
maintainability tasks with the two method), the Levene’s statistic (F'(3,43) = 1,93;p =

0,14) allows us to assume homogeneity of variance.
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The results show that the interaction Meth*App is not significant (£ = 0,007,p >
0,05). We can then safely examine the main effects of the two IV (App and Meth) on these
means without needing to qualify the results by the existence of a significant interaction.
For the Meth variable, the subjects’ perceived efficiency when using OOH4RIA (M =
5,37, SD = 1,21) is significantly superior to the perceived efficiency of subjects using
NET (M = 4,57;SD = 1,16): (F = 770,438;p < 0,05). Furthermore the effect size
is very high. The partial Eta squared is 0,999, which means that the factor Meth by
itself accounts for 99,9 % of the overall (effect+error) variance. Also, subjects’ perceived
efficiency is slightly higher with Petstore (M = 5,00; SD = 1,33) than with Mediaplayer
(M = 4,96; SD = 1,20): (F = 0,211;p > 0,05), although not significantly. This means
that the differences in perceived efficiency are significantly affected by the method used,
regardless of the particular application being developed. The results can be graphically

seen in Figure A6 (a).
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Figura A—6: Efficiency and Learnability in Perceived Ease of Use.
To test the HPLearn hypothesis (concerning the existence of significant differences
of subjects’ perceived learnability while performing the maintainability tasks with the two
methods), the Levene’s statistic (F'(3,48) = 0,12;p => 0,05) allows us assume homoge-

neity of variance.
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The results show that the interaction Meth*App is not significant (£'(1,48) = 1,028;p >
0,05). We can then safely examine the main effects of the two IV (Meth and App) on
these means without needing to qualify the results by the existence of a significant in-
teraction. For the Meth variable, the subjects’ perception of the method learnability
with OOH4RIA (M = 4,62;SD = 1,52) is slightly better than the perceived learna-
bility with .NET code (M = 4,27;SD = 1,37), but this difference is not significant:
(F(1,48) = 0,97;p > 0,05). The results also show that the subjects’ learnability is greater
with Petstore (M = 4,84;SD = 1,49) than with Mediaplayer (M = 4,07;SD = 1,33),
although not significantly: (F'(1,48) = 3,876;p > 0,05), . This means that the differences
in perceived learnability are not affected significantly neither by the methodology nor by

the application. We can observe these results graphically in Figure A-6 (b).

Regarding the HPCompl hypothesis (concerning the existence of significant diffe-
rences of subjects’s perceived level of difficulty of carrying out the maintainability tasks
with each method), the Levene’s statistic (F(3,49) = 1,36;p > 0,05) allows us to assume

homogeneity of error variance.

The results show that the interaction Meth*App is not significant (F'(1,49) = 0,63; p >
0,05). We can then safely examine the main effects of the two IV (App and Meth).
For the Meth variable, the subject’s perceived complexity of performing maintainabi-
lity tasks with OOH4RIA (M = 4,88;SD = 1,42) is slightly lower (more positive fee-
lings) than the perceived complexity of performing maintainability tasks over .NET code
(M = 3,96; SD = 1,40), although not significantly: (F(1,49) = 9,58;p > 0,05). The
results also show that the subject’s perceived complexity is slightly lower with Petstore
(M = 4,68; SD = 1,41) than with Mediaplayer (M = 4,18;SD = 1,52), although, again,
not significantly: (F(1,49) = 2,95;p > 0,05). This means that the differences in perceived
complexity when subjects carry out maintainability tasks are not affected significantly
neither by the methodology nor by the application. These results are graphically depicted
in Fig. A-7(a).
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Figura A-7: Complexity and Satisfaction in Perceived Ease of Use.

To test the HSatisf hypothesis, related to the the existence of significant differences
of subjects’s perceived satisfaction while performing the maintainability tasks with the two
methods, the Levene’s statistic (F(3,50) = 4,06; p < 0,05) shows a violation of homoge-
neity of variance. To overcome this problem, we have applied a logaritmic transformation
of the data: we consider the variable LPSatisf now as Ln(PSatisf). With the transformed
variable, the Levene’s statistic is F'(3,50) = 2,19, p > 0,05, which allows us to accept the

assumption and continue with the analysis.

The results show that the interaction Meth*App is not significant (F'(1,50) = 0,08, p >
0,05), which allows us to safely examine the main effects of the two IV (App and Meth).
For the Meth variable, the Ln of the subjects’ perceived satisfaction with OOH4RIA
(M = 4,56;SD = 0,94) is slightly lower than the Ln of the perceived satisfaction with
NET code (M = 4,63; SD = 0,96), although not significantly: (F(1,50) = 0,783;p >
0,05; 5 = 0,932). The results also show that the Ln of subjects’ perceived satisfac-
tion is slightly superior with Petstore (M = 4,69; SD = 1,00) than with Mediaplayer
(M = 4,51; SD = 0,89), although, again, not significantly: (F'(1,50) = 3,83;p > 0,05).
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This means that the differences in perceived satisfaction are not affected significantly neit-
her by the methodology nor by the application. These results can be graphically seen in
Fig. A-7 (b).

Last but not least, to test the HPEU-Total hypothesis (concerning the existence of
significant differences in the global ease of use of the methods while performing maintai-
nability tasks), the Levene’s statistic (F'(3,50) = 3,26;p < 0,05) indicates a violation of
the assumption. In order to overcome this problem, we have applied a logaritmic trans-
formation of the data: we consider the variable LPEU-Total now as Ln(PEU-Total). The
result (F'(3,50) = 2,29;p > 0,05) allows us to accept the assumption and continue with
the analysis.
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Figura A-8: Global Perceived Ease of Use

The results of the two-way ANOVA analysis show that the interaction among variables
(Meth*App) is not significant (F(1,50) = 0,11;p > 0,05). For the Meth variable, subject’s
perceived global ease of use with OOH4RIA (M = 4,83;SD = 1,05) is slightly superior
to the perceived ease of use with .NET code (M = 4,35;SD = 0,88), although not
significantly: (F(1,50) = 25,42;p > 0,05). The results also show the subjects’s perceived
ease of use is slightly superior with Petstore (M = 4,77;SD = 1,10) than with Mediaplayer
(M = 4,43;SD = 0,86), although, again, not significantly (F'(1,50) = 10,06;p > 0,05).

This means that the differences in perceived global ease of use are not affected significantly
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neither by the methodology nor by the particular application being developed. These

results can be graphically seen in Figure A-S8.

A summary of all these results can be seen in Table 3.

Tabla A-3: Data Analysis Results: Summary
‘ Variables ‘ Meth*App ‘ Meth ‘ App ‘ Effect Size ‘

AEffv N Y N High
AEftc N Y N High
PU-PEftv N N N NA
PU-PCert N N N NA
PU-PStab N N Y High
PU-Total NA NA NA NA
PEU-PEffc N Y N High
PEU-PLearn N N N NA
PEU-PCompl N N N NA
PEU-PSatisf N N N NA
PEU-Total N N N NA
(NA: Not applicable)

5.6 Threats to Validity. The analysis of the threats to validity evaluates under
which conditions our experiment is applicable and offer benefits, and under which cir-

cumstances it might fail [17]. It therefore serves to qualify the experiment results.

Threats to Conclusion Validity refer to issues that affect the ability to draw
the correct conclusion about relationships between the treatment and the outcome of
the experiment. In our experiment we have performed a sensitivity analysis that assures a
power of 0,7 for effect sizes greater than 0,34. The main assumptions of the statistical tests
have been checked, and data has been transformed if necessary to fulfill them. Although
the consideration of five and seven-point Likert items as interval variables is a matter of
controversy, the use of ANOVAs, which present a high degree of robustness with respect
to both ordinality and non-normality of the scale [46], significantly reduces this threat to
the conclusion validity of the study. The reliability of measures involving scales has been
tested, and hypotheses where the scale did not show a high enough degree of reliability
have been left out of the study. This notwithstanding, the fact that some of the variables

have been measured through a single questionnaire item poses a threat to conclusion
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validity that can only be overcome with the definition and validation of standard scales
to measure such constructs. To our knowledge extent such scales are not yet available
for researchers. The treatments were consistently applied among subjects. However, the
fact that the objective results of the experiment were used to grade the students may
have introduced a noise in the results (e.g. by making some students nervous about their
performance). This notwithstanding, given the fact that all the subjects applied both
treatments (methods), we can assume that such effect, if present, has equally affected all
the levels of the treatment. Also, this fact diminishes the risk of a random heterogeneity

of subjects, since both treatments were applied by the same group of subjects.

Threats to Internal Validity are concerned with the possibility of hidden factors
that may compromise the conclusion that is indeed the treatment what causes the differen-
ces in outcome. In our experiment all the subjects enrolled in the master had to participate
in the experiment (so no selection bias beyond that inherent to quasi-experiments was pre-
sent). The subjects applied the treatments with different types of task, which diminishes
the history risk. The two-hour limit of the experiment is short enough to avoid a learning
effect, while the fact that they had to apply two treatments that involved a completely
different set of skills limits the maduration effect. Two instructors supervised the whole
process in order to disminish the interaction bias. However, there is a threat of ceiling
effect that we have tried to control with the pilot test, which gave us confidence to assu-
me that two hours was enough time for the subjects to finish the assignments. Another
internal threat is the fact that we did not oblige subjects to answer all the questions in
the questionnaire. Also, students self-reported the time it took them to finish the tasks.
Tasks were manually corrected by one of the instructors. The risk for subjectivity was
controlled by making sure that the application handed in by the subject run as expected
after the maintainability work. The fact that they applied the treatments on two diffe-
rent applications also poses a threat to internal validity that has been controlled by using

applications of similar complexity, measured in number of conceptual constructs (for the
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MDE treatment) and code lines (for the .NET treatment). This latter measure is generally

preferred over functional points due to its higher reliability [55].

Threats to Construct Validity refer to the generalization of the result of the ex-
periment to the concept or theory behind the experiment. In this sense, the theoretical
model is well defined. A PCA has been performed to check that our data fitted the varia-
ble grouping of the theoretical model. However, some of the used measures have not been
tested for reliability, and therefore they may have introduced a measurement bias, even if
they have been previously widely used in literature. Also, the exam condition may have
posed additional stress upon subjects (evaluation apprehension) or, on the contrary, may
have caused them to be more efficient and effective than usual because they were being
graded. Also, we have used similar size applications, all belonging to the same domain
(mono-operation bias). Therefore we cannot generalize the results to applications of diffe-
rent sizes or different domains. Also, the hypothesis of the experiment (that is, a higher
maintainability of MDE environments) was quite easy to guess, so students may have felt
bound to report less time when using MDE. Anyway, the experiment observers took special
care not to disclose this hypothesis to the students. Additionally, the experiment suffers
from a restricted generalizability across constructs: we have checked a positive outcome
between maintainability and OOH4RIA, but we cannot assure that this does not hamper

other quality attributes or any additional characteristic.

Last but not least, Threats to External Validity are concerned with generaliza-
tion of the results to the industrial practice. The subjects are graduate students (M.Sc.
students), many of them already working as developers, and therefore true representatives
of junior developers, but the small sample used and the fact that these subjects are highly
motivated people may not be representative of the population of junior developers. Also,
the particular methodologies and languages we have used, despite being broadly used in
industry, constitute a limited environment. The applications chosen, although limited in si-
ze, are also representatives of the kind of applications that are being developed in industry,

but the scope of the maintainability tasks had to be limited due to time constraints, so
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there is a risk that different results may happen if bigger applications or different maintai-
nability tasks had been used to perform the experiment. Therefore, this experiment needs
to be replicated with different languages, tools, applications, tasks and MDE approaches.

For this purpose, the replication package of this experiment can be found at [7].
6. CONCLUSIONS

This study concludes that the OOH4RIA approach improves the actual performance
(by means of the increment of the effectiveness and the efficiency) when the subjects carry
out maintainability task over .NET applications. The satisfaction, however, doesn’t reveal
significant differences, although the means slightly favor the MDE approach in all the

variables except for perceived stability and perceived satisfaction.

Another contribution of this experiment is the Theoretical Model of Adoption of
Methods, that integrates the variables on those that a bigger consent grade exists among
the investigating community about its power of prediction of the grade of intention of
adoption of a new methodology. Nevertheless, further analysis should be carried out with
the stability and complexity measures, as the measures more correlated with those the

two main components (PEU and PU).

Finally, in the answers to the open-questions of the post-test, students are in corres-
pondence with the assumption of the MDE approaches. They feel that MDE technologies
are easier to use and they allow to carry out the maintainability tasks quickly. They also
consider that this methodology is less flexible than other development approaches because
the code generated is not always enough to solve all the requirements of the software and
at the end, it is necessary to make modifications directly on code. Besides, the subjects
sometimes find difficulties when carrying out maintainability task with OOH4RIA met-
hodology; due to the main fact that they have more experience carrying out these tasks

directly in the code (curve of learning of MDE technologies).

Our results augment the repository of empirical data comparing maintainability per-

formance and satisfaction of MDE methodologies with respect to traditional code-centric
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approaches. As in the literature, not everything has been said, and further experimentation
is needed to be able to generalize the results to a different population, different methods
and languages, different application types, different maintainability tasks or different ap-
plication sizes. Also, extensive work needs to be done in the matter of defining reliable
measures. Last but not least, more data is needed to perform a much more extensive
validation of the theoretical model, particularly with respect to the causal relationships

inferred from that model.
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Appendix A.A

A.A.1. Actual Effectiveness
Sum of the number of maintainability tasks, corrective and perfective, carried out by

students does the solution what it was asked to do.

| [1[2[3]4]5]
Corrective Maintainability Task
Perfective Maintainability Task

A.A.2. Actual Efficiency
The actual efficiency, is also calculated manually, by one of the instructors as the Actual
Effectiveness divide among the time. Also, the time it took them to finish each type of

task was self-reported through a following form:

Activity 1 .. Activity 10.

1. Write the hour of beginning (hh:mm:ss):
2. Write the hour of end (hh:mm:ss):

A.A.3. Perceived Usefulness

Please rate your level of agreement with the following statements:

| [1]2]3]4]5]
PU-PEftv:
I believe that this software development method is effective
PU-PCert:
I am sure of the modifications carried out with this development method
PU-PStab:
I believe that this software development method is stable
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A.A.4. Perceived Fase of Use

Please rate your level of agreement with the following statements:

| [1]2]3[4[5[6]7]
PEU-PEffc:
I believe that this software development method is efficient
PEU-PCompl:
I believe that this software development method is easy

PEU-PLearn:

I believe that this software development method is easy to learn

In general, I feel that this software development method is...

| PEU-PSatisf [1]2[3[4]|5[6]|7]
(1) Difficult to use .. Easy to use (7)
(1) Tiring .. Not tiring (7)
(1) Stranger .. Family(7)
(1) Useless .. Useful (7)
(1) Demanding .. Simple (7)
(1) Inefficient .. Efficient (7)
(1) Boring .. Fun (7)
(1) Unreliable .. Reliable (7)
(1) Stressful .. Relaxing (7)

(1) Unpleasant to use .. Pleasant to use (7)

(1) Unacceptable .. Acceptable (7)

A.A.5. Main Advantages/Disadvantages

Please note down the main three Advantages of using this software development method

Please note down the main three Disadvantages of using this software development met-

hod
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APENDICE B

ESTADISTICA DESCRIPTIVA DEL

EXPERIMENTO DE MANTENIBILIDAD:
WEBML VS PHP

Measure Merhudul‘uﬂr M Mean Srandard Dev Errar
AnalysabilityPrecision WebML 30| 70,5556 44 DE1ET 3.04812
__F'HF' 12 21,233 31,25815 905232
AnalysabilityFRecall WebML aa 26013 10, 50606 181614
~ PHP 12 13,8333 18, 17007 524525
AnalysabilityTime WebML aa 216,17 144 158 28,320
~ PHP 12 111647 752 466 217,218
Analysabiity SubjectiveComplexity WebbML 27 218 1.001 183
~ PHP 11 1.55 1214 A
Analysability SubjectveCertanty WebbL 27 ] 1316 253
— PHP 11 2 o 1044 all
Figura B—1: Analizabilidad
Measure Methodology N Mean Srandard Dev Ermor
ComectiveChangeabilityPrecision WebML 24 66,5517 42 GEZEO | 782508
_ PHP 12 31,8187 4407114 | 1272224
ComectiveChangeabilityRecs WebML 24 ] 44 11741 B, 18240
- PHP 12| 41,8867 5149287 | 1488471
ComectiveChangeability Time WebML 24 130,68 171,176 32340
_ PHP 12 30342 205,183 50231
ComectiveChangeabilitySubisctiveComplexity  WebML 27 283 BE4 170
_ PHP 10 2.7 1,252 206
ComectiveChangeabilitySubjective Certainty WebML 2 286 1.315 253
— PHP id 280 1.220 g0
ComectiveStablitySubjectiveCartainty WebML 27 ] 1.023 a7
PHP 10 R 1160 1l |

Figura B-2:

Cambiabilidad Correctiva
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Estadistica descriptiva experimento de mantenibilidad: WebML vs PHP

Measure Merthodalo Mean Srandard Dev Ermor

PerfectveChangeabdityPrecision WisbML 28| 758021 4144853 7.090580
— PHP 12| 658087 3258685 040127

PerfectveChangeabdityRecall WisbML 28| &T.2414 40,09884 (755780
_ PHF 12| 656087 2258605 040127

PerfectiveChangeabilityTime Wb ML 20 186,52 147,045 27473
_ PHF 12 Sez2.08 108,283 §7,.242
PerfectveChangeabilitySubjectiveComplexity  WebML a7 283 izt 21
— PHF 1 237 ] 23T

PerfectveChangeabilitySubjectveCertamty Wb ML T 2,.x2 4 8D
_ PHF 11 2,82 1,328 400

PerfectveChangeabditySubjectveStability Wb ML T 2,48 1,014 Jes
FPHF 10 2 50 1,080 42 |

Figura B-3: Cambiabilidad Perfectiva
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