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viande (UFV) (r =-0,75 ; p <0,01), pendant qu’elle est positivement corrélée
avec le taux de digestibilité de la Matiére Organique (dMO) (r = 0,49 ; p
<0,05). Cependant, la teneur en cellulose brute (CB) est négativement et
significativement corrélée avec la teneur en matiére azotée digestible (MAD)
(r=-0,63; p <0,001), avec I’unité fourragére lait (UFL) (r =- 0,49 ; p <0,01)
et avec I'unité fourragére viande (UFV) (r =-0,51 ; p <0,01) pendant qu’elle
est positivement corrélée avec la dMO (r = 0,45 ; p <0,05). Autrement dit, les
espéces herbacées appétées par les ruminants et ayant une forte teneur en
cellulose brute (CB) ont généralement de faible valeur en énergies nettes
(UFL ; UFV) et en MAD. Cependant, une espéce d’herbacée contenant une
teneur élevée en cellulose brute (CB) contient aussi une digestibilité de la
Matiére Organique (dMO) élevée. On note également une corrélation
significative et positive MO et dMO (r = 1,00 ; p <0,001) d’une part, et d’autre
part, entre MG et UFL (r = 0,39 ; p <0,05). Ainsi, une espece herbacée
contenant une teneur élevée en Matiére Organique (MO) a une forte
digestibilité de la Matiére Organique (dMO). De méme, une espéce contenant
une forte teneur en matiére grasse (MG) contient également une forte valeur
de l'unité fourragére lait (UFL). Cependant, on note une corrélation
significative et négative entre les matiéres minérales (MM) et la digestibilité
de la matiére organique (dMO) (r = -1,00 ; p <0,05). Ainsi une espece
d’herbacée ayant une forte teneur en cendres totales (CT) a une faible
digestibilité de la Matiére Organique (dMO). L’UFL est positivement et
significativement corrélé a I’'UFV (r=0, 99 ; p <0,001) et & MAT. Il en résulte
que les herbacées appétées par les ruminants et ayant I’unité fourragére lait
élevée ont aussi I’unité fourrageére viande (UFV) elevé et une forte digestibilité
de la matiere azoté (MAD). De méme, I'unité fourragere viande (UFV) est
positivement et significativement (r=0,54 ; p <0,01) corrélée a la digestibilité
de la matiére azoté (MAD). Ainsi, une herbacée dont I’unité fourragere viande

est élevée a une forte digestibilité (tableau 5).
Tableau 5. Corrélation entre les principales caractéristiques déterminées au niveau des
herbacées appétées par les ruminants.

MS | MAT | NDF | ADF | AD CB MO MG | MM | UFL | UFV | dMO
L
M
S
M | 0,08
A ns
T
N | 0,14 -
D ns 0,53*
F *
A - - 0,47
D | 0,03 | 0,49* *
F ns *
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A - 0,20n - 0,27n
D | 0,33 S 0,63 S
L nS *k*k
C - - 0,56 | 0,62* -
B | 0,19 | 0,63* *x *x 0,13

ns *x ns
M - - 0,28 | 0,49* | 0,18 | 0,45*
O 017 | 0,12n ns * ns

ns S
M - 0,33n - - 0,22 - -
G | 0,18 S 0,15 | 0,15n | ns | 0,28n | 0,02n

ns ns S S S
c| 0,17 | 0,A12n - - - -0,45* - 0,02
T ns S 0,28 | 0,49n | 0,18 1,00* ns

ns S ns *x

] - 0,55* - - - - - 0,39 | 0,30
F | 0,13 * 0,45 | 0,74* | 0,19 | 0,49* | 0,30n * ns
L ns * *x ns * S
] - 0,54* - - - - - 0,38 | 0,35 | 0,99
F | 011 * 0,45 | 0,75* | 0,20 | 0,51* | 0,35n ns ns Fxk
Vv ns * *x ns * S
d - - 0,28 | 0,49* | 0,18 | 0,45* | 1,00* - - - -
M | 0,17 | 0,12n ns * ns *x 0,02 | 1,00 | 0,30 | 0,35
O ns S ns 0* ns ns
M | 0,08 | 1,00* - - 0,20 - - 0,33 | 0,13 | 0,55 | 0,54 | 0,13ns
A ns ** 0,53 | 0,49* | ns 0,63* | 0,13n ns ns ** **
D ** * ** S

ns : non significatif ; *: trés significatif (p<0,05) **: trés significatif (p<0,01) ; *** : trés
hautement significatif p<0,001

Discussion
Composition chimique des espéces herbacées étudiées

L’évaluation de la valeur alimentaire d’un fourrage dépend de deux
facteurs d’égale importance : sa valeur nutritive et la quantité de matiére séche
volontairement ingérée par un animal & qui on offre ce fourrage a volonté (Sidi
et al., 2016).

Les résultats des analyses chimiques réalisés au laboratoire ont révélé
que, les teneurs en MAT varient entre 5,64+0,02 % et 13,13+1,01 % et celles
des MAD variant entre 48,90+0,19 g/kg de MS et 118,52+9,46 g/kg de MS
avec les fortes valeurs concentrées dans les espéces notamment : A. tectorum,
B. lata, I. eriocarpa, A. gprororus, B. erecta, B. falcifera, C. stridens, Sida
acuta, Curculigo pilosa. P. polystachion, C. macrocalyx, Mariscus
cylindristachyus, A. Indica, T. prucombens, P. pedicelatum, A. gayanus, A.
chinensis, Sorghum bicolore, H. involucrata, B. falcifera, Digitaria
horizontalis et L. ledermannii. Des résultats similaires ont été obtenus par
Kadi et Zirmi-Zembri (2016) en Algérie et Laudadio et al. (2009) en Tunisie
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au niveau des feuillages de certaines espéces fourrageres notamment Ephédra
alata, Fraxinus angustifolia, Fraxinus excelsior et Genista saharae.
Cependant ces valeurs obtenues sont largement inférieures a celles obtenues
par Kadi et Zirmi-Zembri (2016) sur Acacia horrida, Acacia nilotica, Acacia
saligna et Acacia albida ou les valeurs obtenues sont comprises entre 15,7%
et 25,2%. Selon Arbouche et al. (2012), le taux moyen de MAT (13 %) est
appréciable, s’agissant d’arbres et arbustes, avec cependant une grande
dispersion montrant la grande variabilité de la composition chimique observée
dans I’étude.

En ce qui concerne les cendres totales (CT), les valeurs obtenues sont
comprises entre 11,16+0,85% et 22,28+2,06% avec les valeurs les plus élevées
obtenues peur avec les espéces du groupe 4 (Paspalum scrobiculatum et
Pennisetum unisetum) et du groupe 5 (Spermacoce stachydea, Commelina
benghalensis et Eleusine indica). Des résultats similaires ont été obtenus par
Kadi et Zirmi-Zembri (2016) sur Anabasis articulata et Haddi et al. (2009)
sur Cynodon dactylon, Tamarix africana, Cyperus conglomeratus,
Hedysarum coronarium; des especes fourragéres appétées par les ruminants
en dans les zones arides et semi arides de I’Algérie. Cependant ces mémes
auteurs ont obtenu des valeurs inférieures de la CT dans les especes comme
Zilla macroptera, Zilla spinosa, Zizyphus lotus (entre 3,2 et 5,89%). Selon,
Boufennara et al. (2012), les arbres et arbustes fourragers sont connus pour
étre hétérogenes en fonction de l'espéece végétale, de I'organe et de I'age de la
plante. Cette variation est aussi fonction d’autres paramétres comme la
méthode de séchage dans le cas des feuilles d’olivier (Martin-Garcia et al.,
2008).

Valeur nutritive des espéces étudiées

La qualité de la nutrition est un facteur clé de tout systéeme d’élevage
des ruminants qui se veut efficace. Ces derniers doivent recevoir tous les
éléments nutritifs, diététiques essentiels en quantités optimales. Les espéces
étudiées ont montré des valeurs de UFL allant de 0,55 a 0,74 /kg MS et de
UFV allant de 0,59 a 0, 82 /kg MS et des valeurs des fibres totales (NDF) et
en lignine(ADL) allant de 48 a 74 % et 6 a 15 % respectivement. Haddi et al.
(2009) ont obtenu une valeur de I’'Unité Fourragere de 0, 76 kg /MS sur
Cynodon dactylon et Cyperus conglomeratus en Algérie. De méme, Sidi et al.
(2016) ont obtenu une valeur inférieure a 0,75 /kg MS pour les unités
fourragéres de lait (UFL) et de viande (UFV) sur les ligneux appétés par les
ruminants des parcours communautaires du Nord-Est du Bénin. Globalement,
les fourrages étudiés sont riches en fibres puisque les teneurs moyennes en
NDF dépassent 45 % alors que celles en lignocellulose (ADF) avoisines 30 %.
D’apres les travaux réalisés par Bouazza et al. (2012), un fourrage est de bonne
qualité s’il se caractérise par des valeurs de MAT >10 % de MS et des taux de
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NDF < 30 %, pauvre s’il contient des teneurs en MAT < 10 % et des teneurs
en NDF>50 % et de tres bonnes sources d’énergétique si les valeurs de UFL
> 0,7 et UFV > 0,6. Ainsi, les espéces comme A. gayanus, A. chinensis, S.
bicolore, H. involucrata, B. falcifera, D. horizontalis, L. ledermannii, P.
scrobiculatum et P. unisetum sont des especes pauvres et ne peuvent pas
couvrir les besoins d’entretien et de production de ruminants d’élevage en
milieu réel ayant un gain moyen quotidien de 55 g selon Babatounde et al.
(2009) . les espéces comme A. tectorum, B. lata, I. eriocarpa, A. gprororus,
B. erecta, B. falcifera, C. stridens, S. acuta, C. pilosa, P. polystachion, C.
macrocalyx, M. cylindristachyus, A. Indica, T. prucombens, P. pedicelatum.
S. stachydea, C. benghalensis et E. indica sont quand a elles de trés bonne
source d’énergie. Ces especes qualifiées de fourrage excellent car leur unité
fourragere est supérieure a 0,6 UF et la teneur en MAD est supérieure & 53 ¢
par kg de MS. Elles peuvent assurer une production journaliére de I'U. B. T.
de plus de 3 litres de lait ou plus de 300 g de gain de poids vif, de kg de MS
(Awohouedji et al., 2013 ; Koura et al., 2015).
Corrélation entre caractéristiques chimiques et valeur nutritive

La correélation des paramétres chimiques tels que la digestibilité et la
composition chimique montrent que la digestibilité augmente avec la forte
teneur en matiere azoteé et diminue avec les teneurs en NDF, ADF et de la
cellulose brute. Ce résultat est conforme aux travaux de Ndagurwa et Dube
(2013), qui ont trouvé que la digestibilité de la matiere organique dépend
essentiellement de la teneur des constituants de la paroi cellulaire et intra
cellulaires, notamment en matiére azotée, ce qui fait que cette digestibilité
diminue au fur et a mesure que la teneur en parois cellulaires et leur degré de
lignification augmente et que la teneur en constituants intra cellulaires
diminue. De la méme, Longo et al. (2007), rapportent qu’il existe une
corrélation négative entre les proportions de lignine et la digestibilité des
parois cellulaires, en raison des relations complexes existantes entre la lignine
et les autres molécules de la paroi cellulaire. De méme, Chehma et al. (2003) ;
Chehma et Longo, (2004) ont aussi observé que la diminution de la
digestibilité est corrélée avec une augmentation de la teneur en cellulose brute
des parois. Les résultats des travaux realisés par Ammar et al. (2005) et Haddi
et al. (2009) ont montré que les protéines des fourrages verts sont situées pour
I’essentiel dans les cellules chlorophylliennes (feuilles) et le cytoplasme.
Selon Ndagurwa et Dube (2013), la variation en matiére azotée totale (MAT)
est liée a la composition morphologique. Les résultats de la présente étude ont
révélé une corrélation positive entre les valeurs MAT et les énergies nettes
(UFL, UFV). Ce résultat confirme les travaux de Chehma et al. (2003) qui ont
montré que la valeur énergétique des plantes est liee positivement a leur teneur
en matiéres azotées et négativement a leur teneur en cellulose brute et en
parois.
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Conclusion

Vingt-six (26) herbacées appétees par les ruminants sur les parcours
communautaires du Nord-Est du Bénin ont été caractérisées a travers la
détermination de leurs compositions chimiques. Au terme de I’étude, les
espéces des groupes 1 et 5 sont riches en MAT, MAD, UFL ,UFV avec UFL
supérieure a 0,80 et le rapport MAD/UF supérieur a 120g pendant que les
herbacées des groupes 3 et 4 sont riches en NDF. Les herbacées telles que A.
tectorum, A. gprororus, B. erecta, .B. falcifera, S. acuta, P. polystachion, M.
cylindristachyus, A. Indica, T. prucombens, S. stachydea, C. benghalensis et
E. indica sont celles qu’on peut promouvoir afin d’améliorer la production de
viande et de lait au Bénin. Il est envisagé I’élaboration des modeéles de
prédiction de la valeur nutritive de ces herbacées fourragéres.
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Resumen

El desarrollo de proyectos de emprendimiento no es una opcion de
ingreso econdmico para profesionales de enfermeria, no se observa liderazgo
académico que influya en la creacion de negocios en el cuidado de la salud. El
objetivo de este estudio fue identificar la existencia de liderazgo académico en
profesionales de enfermeria para el emprendimiento. Se realiz6 una
investigacion documental de los programas de estudio de 5 universidades en
México, posteriormente se aplicd un instrumento de recoleccion de datos con
respuestas dicotémicas a 70 profesionales de enfermeria egresados de diferentes
universidades del pais. Los programas de estudios revisados no cuentan con
materias relacionadas con la creacion de negocios en salud, los académicos que
imparten clases en las universidades no cuentan con experiencia en creacion de
negocios en enfermeria, los egresados de enfermeria no emprenden negocios
para el cuidado de la vida y salud de las personas, familias o comunidades, por
lo tanto, no son gestores de su propia fuente laboral. Como conclusion se
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obtiene que no existe liderazgo académico para el emprendimiento en
enfermeria, los egresados buscan emplearse en instituciones gubernamentales o
privadas de salud a pesar de las problematicas de empleabilidad a las que se
enfrentan. Se considera esencial que las universidades integren a sus programas
de estudios materias que orienten a los egresados a emprender negocios para el
cuidado de la salud de las personas.

Palabras clave: Liderazgo  Académico, Enfermeria,  Cuidado,
Emprendimiento

Academic Leadership In Nursing Entrepreneurship In
Mexico

Abril Camarillo Quiroz
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Abstract

The development of entrepreneurship projects is not an economic
income option for nursing professionals, academic leadership is not observed,
which influences the creation of businesses in health care. The objective of this
study was to identify the existence of academic leadership in nursing
professionals for entrepreneurship. A documentary investigation of the study
programs of 5 universities in Mexico was carried out, subsequently a data
collection instrument with dichotomous responses was applied to 70 nursing
professionals graduated from different universities in the country. The study
programs reviewed do not have subjects related to the creation of health
businesses, the academics who teach at the universities do not have experience
in the creation of businesses in nursing, the nursing graduates do not undertake
business for life care and health of individuals, families or communities,
therefore they are not managers of their own source of employment.
Conclusions it is obtained that there is no academic leadership for
entrepreneurship in nursing, graduates seek employment in government or
private health institutions despite the employability problems they face. It is
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considered essential that universities integrate into their study programs subjects
that guide graduates to undertake businesses for the care of people's health.

|
Keyword: Academic Leadership, Nursing, Care, Entrepreneurship

Introduccion

La practica de enfermeria se encuentra fundamentada en el Proceso
Enfermero, que es el método para brindar cuidados profesionales a las personas,
familias y comunidades, comprende las etapas de valoracion, diagndstico,
planificacion, ejecucion y evaluacion, obteniendo resultados en la salud de las
personas, familias y comunidades que atiende.

Los egresados de enfermeria se enfrentan a diferentes problematicas de
desempleo, algunos de ellos inician a laborar, en &mbitos hospitalarios privados
0 en programas gubernamentales temporales percibiendo salarios minimos, sin
generar derechos basicos de prestaciones, otros profesionales realizan jornadas
gratuitas con la promesa de ser contratados en un futuro y otro grupo de
profesionales emigran de su lugar de origen o terminan empleandose en otras
actividades distintas a su profesion.

Estas experiencias demuestran que los profesionales de enfermeria
visualizan el empleo como la Unica opcidn para generar recurso financiero en
comparacion con otros profesionales que eligen la apertura de consultorios,
despachos o asociaciones independientes o0 con otros colegas y posicionar sus
servicios en el mercado laboral.

Los profesionales de enfermeria carecen de formacion académica que
les permita visualizar que, al egresar del ambito universitario, pueden establecer
negocios para el cuidado de la salud de las personas, realizando funciones
asistenciales de promocion para la salud, prevencién de enfermedades,
intervencion para el cumplimiento de un tratamiento especifico de curacién y/o
rehabilitacion.

Los programas de estudio de las universidades que ofertan la carrera de
licenciatura en enfermeria no contemplan materias que les permita a los futuros
egresados visualizar el cuidado de la salud como una opcion atractiva de oferta
y demanda en el mercado y generar su propia fuente de ingreso econémico.

El emprendimiento hoy en dia se ha convertido en un conocimiento
béasico de ensefianza en las universidades, pues desempefia un papel importante
para el desarrollo econdmico de los paises, por la incubacién de proyectos
productivos de innovacion y tecnologia en las diferentes profesiones. Las
universidades que imparten la carrera de licenciatura de enfermeria requieren
implementar estos conocimientos en sus programas de estudio de enfermeria,
permitiendo a sus egresados, adquirir competencias emprendedoras y
desarrollar proyectos del cuidado de la vida y la salud de las personas, con el
objetivo de crear una cultura de prevencién de enfermedades, identificacion
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oportuna de riesgos para la pérdida de la salud, practicas terapéuticas del
bienestar etc.

Desarrollo
Funciones de enfermeria

El cuidado de enfermeria es una actividad cuyo valor personal y
profesional esté dirigido a la conservacion, restablecimiento y autocuidado de
la vida y se fundamenta en la relacién terapéutica del profesional de enfermeria
- paciente. El cuidado profesional de las personas incluye teoria y método
cientifico que tienen por finalidad principal mantener a los seres humanos vivos
y sanos con el propoésito de perpetuar la especie, por lo tanto el cuidado es
mantener la vida, asegurando la satisfaccion de un conjunto de necesidades para
la persona, que en continua interaccién con su entorno, vive experiencias de
salud (Colliere, 2003, p.113).

Desde un punto de vista administrativo, los servicios profesionales de
enfermeria se refieren a la preservacion de la vida humana, la promocién y
restauracion de la salud, la ejecucién de acciones derivadas del diagnostico y
tratamiento médico y el deber de velar por la mejor administracion de los
recursos de asistencia para el sujeto de cuidado, cuando éste solicita atencion en
las instituciones de salud (Hernandez, 2020, p 3).

La atencion de enfermeria actualmente se observa un enfoque especial
en intervenciones curativas dentro de las instituciones de salud, no considerando
los aspectos de promocion para la salud, prevencion de enfermedades y la
rehabilitacion de la salud como una oportunidad para emprender negocios en el
cuidado de las personas y obtener recursos econdémicos.

Las funciones sustantivas del quehacer de la enfermeria profesional son:
asistenciales, educativas, administrativas y de investigacion.

Las funciones asistenciales comprenden intervenciones en la atencion
del cuidado de las personas sanas o enfermas, implica el cuidado mismo de la
vida y la salud para la permanencia y trascendencia del ser humano (Santa Isaza
2020 p.20).

Las funciones educativas de enfermeria contemplan las intervenciones
de ensefianza en salud que se brindan a las personas, al personal en formacion
y/o a otros profesionales (Garcia y Gallegos-Torres 2020 pp. 272-273).

Las funciones administrativas, se refieren al papel principal de un jefe,
gerente o gestor en enfermeria y consiste en planificar, organizar, dirigir y
controlar los recursos financieros, humanos y materiales, bajo el propdsito de
cumplir eficazmente los objetivos de la institucion (Santa Isaza 2020 p.22).

Finalmente la funcion de investigacion resalta a enfermeria como una
ciencia y arte del cuidado humano, donde se requiere una revision continua de
estrategias, técnicas y procedimientos, validacion de sus teorias y la generacion
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de nuevos conocimientos, que solo es posible, a través de la investigacion para
mejorar la praxis (Benitez 2020 p.1).

El denominado reto Nightingale Challenge 2020 que propone el
Congreso del Consejo Internacional de Enfermeras, tiene como propdsito
ayudar a desarrollar la proxima generacion de enfermeras y enfermeros jovenes
como lideres, profesionales y defensores de la salud, y demostrar que la
enfermeria es una profesion emocionante y gratificante (Bermtdez 2020 p.1).

Como se observa se puede argumentar que los profesionales de
enfermeria son responsables de cuidar la salud de la poblacion y generar
proyectos dentro y fuera de las instituciones publicas y privadas que impacten
en la conservacion de una vida sana, la disminucién de recursos economicos
para las personas y para las instituciones publicas de salud y un aumento en la
demanda de servicios profesionales de enfermeria privada.

Segun Pedroza-Zapata y Silva-Flores (2020 p.1) las universidades
actuan como un factor importante para el desarrollo econdmico y tecnoldgico
de un pais mediante su papel sustantivo de educacion y es en las universidades
donde se adquieren las competencias valiosas para el proceso de innovacion y
emprendimiento de las empresas e industrias.

En la disciplina de enfermeria se observa que los programas de estudio
contintan en su mayoria enfocados a obtener competencias disciplinares del
cuidado centradas en la atencion curativa, sin integrar innovacion en los
conocimientos que le permitan al egresado, explorar las diferentes alternativas
del cuidado y solucionar problemas durante los diferentes procesos de la vida
humana otorgando un cuidado integral.

Segun Navarro y Pacheco (2020 p.3) no es aceptable continuar con las
estructuras y practicas educativas tradicionales pasadas, si se desea innovar en
los centros educativos, se debe partir de identificar problematicas y crear
alternativas nuevas, las innovaciones educativas se comprenden en el sentido de
un cambio, ya sea de paradigma, hacia la inclusion o hacia el desarrollo de la
competencia social y ciudadana.

Los desafios para el desarrollo a nivel pais, ha situado la atencién en el
sistema educativo como parte de las soluciones a las tensiones sociales, politicas
y econdmicas existentes y para resolver las problematicas en salud se requiere
de profesionales altamente competitivos que generen ideas innovadoras que
permitan brindar alternativas de solucion a las diferentes problematicas (Acosta
y Leyva 2020 pp. 14-15).

Los profesionales de enfermeria son responsables de brindar cuidados
en los diferentes procesos vitales del ser humano tales como: vigilancia del
crecimiento y desarrollo en la vida intrauterina y extrauterina en todas sus
etapas, ofrecer cuidados durante el proceso de una enfermedad, rehabilitacion
de las funciones fisicas, mentales, emocionales y espirituales, asi como el
acompafiamiento en procesos de dolor como en casos de pérdidas o muerte.
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La comprometida participacion de la profesion de enfermeria en la vida
de las personas descubre un area de oportunidad para iniciar diferentes
proyectos de emprendimiento en salud con posibilidades de crecimiento
empresarial local, nacional e internacional, dirigiendo el cuidado de enfermeria
a ejercer una préactica privada ya sea individual o con otros profesionales de
enfermeria.

Las universidades tienen la responsabilidad social de impulsar a las
diferentes disciplinas a incursionar en diferentes ambitos organizacionales, para
que al egresar de la universidad cuente con una amplia gama de posibilidades
laborales que les permita incorporarse a una vida econémicamente productiva
de la manera mas exitosa posible (Navarro y Pacheco 2020 p.4).

Las universidades que imparten la carrera de enfermeria requieren
innovar sus programas de estudio, integrando nuevas materias que traten de las
diferentes practicas terapéuticas, que permiten preservar una vida sana y no
esperar a que las personas enfermen para recibir la atencion de enfermeria en
instituciones de salud.

La practica de enfermeria moderna permite a los profesionales convertir
el cuidado en un servicio de alta valia, donde las personas se encuentren
dispuestas a intercambiar un bien monetario por un servicio de cuidado,
impactando positivamente en la toma de decisiones de las personas con respecto
a su salud, por lo que es fundamental que durante la formacién, el alumno
adquiera competencias de emprendimiento, mercadotecnia en salud, ofertasy
demanda de un producto o servicio, reingenieria del cuidado, innovacion, etc.
que le permitan al futuro profesional gestionar su propio ambito laboral.

Esta practica de enfermeria moderna daria como resultado la generacion
de fuentes de empleo, ademas de un importante ahorro econémico en el
consumo de medicamentos, servicios de hospitalizacion, y otros servicios
terapéuticos y finalmente lo mas importante una poblacion con mejores
condiciones de salud.

Liderazgo académico

Los maestros que imparten catedra a futuros profesionales de
enfermeria, desempefian un papel imprescindible en la adquisicion de
competencias de cualquier disciplina, son ellos los que influyen en los alumnos
para desarrollar la personalidad profesional. De acuerdo con Herndndez y
Romero (2020 p.5) el maestro es quien guia académicamente a lograr los
objetivos en busqueda del éxito de los alumnos, de ahi la importancia de que el
docente se mantenga actualizado y adquiera nuevas competencias docentes que
le permita ejercer un liderazgo transformacional.

Es recomendable que el profesor implique en su desempefio laboral
competencias propias de liderazgo, que le permita propiciar aprendizajes
significativos en sus alumnos y que los conduzcan a adquirir un pensamiento
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dinamico, orientado a la prevencion y resolucién de diferentes problematicas de
la sociedad, asi como de conformar un pensamiento abierto al cambio y a la
innovacidn, desarrollando un trabajo colaborativo que posibilite la consistencia,
coherencia de las visiones, motivaciones y compromisos de sus integrantes
(Gatica, Cruz, Garcia, Vargas, Hernandez y Tepal 2019 p.3).

El perfil profesional del docente esta asociado a una imagen de docencia
deseable y contextualizada que se convierte en un referente para quienes optan
por la profesion, el rol docente viene enmarcado en un modelo sistémico e
interdisciplinar, donde la docencia, la investigacion, el saber, el saber hacer y
querer hacer conformaran su accion formativa de los futuros egresados (Bozu y
Herrera 2009 p.90 citado por Hernandez y Romero 2020 p.4).

Segun Guerrero y Conde (2020 p.2) comienza a vislumbrarse un proceso
de innovacidn en la practica docente en la pedagogia emprendedora en la cual
se requiere de un docente preparado para asumir los cambios en los diferentes
espacios de formacion, adquirir nuevas competencias y habilidades pedagogicas
para poder responder a los desafios de una sociedad global, comprendiendo que
los estudiantes de este tiempo se encuentran inmersos en la era digital con
sistemas de informacion diversa y sofisticada, brindando un apoyo en la
flexibilidad de pensamiento y capacidad para adaptarse a situaciones propias de
un entorno cambiante.

Asi mismo Gatica et al. (2019, p.2) expresan que el desarrollo de un
liderazgo eficaz en el desempefio laboral de los docentes, se convierte en un
punto critico de trabajo para ser abordado por las instituciones de educacion
superior a partir de la comprension de su propia realidad, ya que en una sociedad
cada vez mas exigente, se evidencia la imperiosa necesidad de asumir por parte
del docente un rol de lider, que le permita transformar su quehacer cotidiano.

El perfil del docente de enfermeria requiere estructurar una personalidad
de liderazgo que contemple una vida ejemplar, con apertura de pensamiento
para adquirir nuevos paradigmas que dirijan a la disciplina a desarrollar un
espiritu emprendedor que le permita al profesional posesionarse en el mercado
laboral.

Emprendimiento en enfermeria

A finales del siglo XX, autores como Stevenson (1980) y Timmons
(1998) desarrollaron investigaciones relacionadas con la mentalidad
emprendedora y el modelo para emprender. Ambos autores consideran el
emprendimiento como un sistema de gestion apoyado en oportunidades mas que
en los recursos, caracterizando en dos lineas de accién: a) los creadores de
empresas que parten del disefio e implementacion de un plan de negocios y b)
los empleados como agentes activos en la innovacion de procesos. (Vélez,
Bustamante, Loor y Afcha, 2020 p.64).
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El emprendimiento se ha convertido en una de las bases transversales de
la oferta académica superior, buscando formar jovenes con vision emprendedora
que sean agentes de transformacion social local, nacional e internacional
(Bayas, Garcia, Chaguay y Sanchez 2020 p.3).

El emprendimiento es un término utilizado en la actualidad a nivel
global, que busca fomentar en los individuos una visién diferente que les
permita determinar oportunidades, no solo de crear nuevas empresas, Sino
también de ser proactivos e incorporar un mayor dinamismo a la solucion de
problemas o logro de objetivos personales y sociales (Bayas et al. 2020 p-4). El
emprendimiento puede convertirse en una herramienta Util para que la profesion
de enfermeria inicie a incursionar en el ambito empresarial del cuidado.

Las competencias son sistemas complejos de desempefio con idoneidad
en un determinado contexto (Tobdn 2006 p.1), para Fernandez y Rey (2010
p.18) definen a las competencias como la capacidad que tiene un individuo para
afrontar situaciones complejas en un contexto determinado; y para Tobén
(2006) citado por Navarro et al. (2020 parr.15) las competencias emprendedoras
permiten que los individuos desarrollen un proyecto empresarial o social que
genere crecimiento econémico y cohesion social, configurandose de esta
manera como un proyecto social integrado.

Segun Rodriguez y Orantes (2009 p.87) consideran que al hablar de
competencia emprendedora hay que referirse a un ser humano que se adapta
facilmente a un mercado laboral flexible y cambiante, en el que se desenvuelve
de manera creativa e innovadora.

Para la disciplina de enfermeria no es nuevo enfrentarse a diferentes
desafios, en la historia de enfermeria se encuentran presentes grandes
trasformaciones sociales donde su participacion ha sido fundamental para
obtener resultados en salud de una sociedad, mostrando siempre una actitud de
alto compromiso con la humanidad, por lo que adquirir una actitud dirigida a
crear negocios en el cuidado de la vida y la salud y proyectar a la disciplina
hacia una vision empresarial se convierte hoy, en un reto necesario en tiempos
de crisis.

La actitud emprendedora representa la valoracion personal, positiva o
negativa, que los individuos sienten hacia el emprendimiento manifestando una
fuerte orientacion hacia la toma de decisiones y acciones. Asi mismo se refiere
a la autopercepcion de la capacidad que desarrollan las personas para convertirse
en empresarios (Vélez, Bustamante, Loor y Afcha 2020 p. 64).

Metodologia

Se realiz6 una investigacion documental de los programas de estudio de
5 universidades del pais México a través de las plataformas digitales ISI Web
of Knowledge, Google académicos, PubMed y SciELO.
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Posteriormente se definieron las variables tedricas con base al marco
tedrico que sustenta los diversas posturas y tedrias del fendmeno a estudiar, se
realizb la identificacion de frecuencia, con lo que aparecieron las palabras claves
continuamente, se definieron los constructos conceptuales de la investigacion y
finalmente se operacionalizaron las variables teoricas, realizando una primera
version del instrumento de recoleccion de informacién que constd de una ficha
de identificacién con 50 items.

Se realiz6 la primera validacién con grupos de expertos, obteniendo
retroalimentacion y realizando las modificaciones sugeridas por el grupo de
expertos, obteniendo una segunda version, la cual se aplico a un grupo piloto de
20 enfermeros egresados de una universidad local, obteniendo una segunda
retroalimentacion que implico mejoras y finalmente desarrollar una tercera
version del instrumento que consta de ficha identificacion y 20 reactivos.

Esta tercera version se aplicO a una muestra seleccionada de 70
egresados de enfermeria de diferentes universidades del pais. Una vez creadas
las observaciones se creo una base de datos en Excel, realizando el tratamiento
estadistico con alfa de Crobanch con una confiabilidad de > 8, con lo que se
realiza la validacion del mismo y permitié generar los resultados.

Resultados

Las universidades estan invitadas a tener un papel proactivo para
estimular el desarrollo econdémico, mediante su papel en la educacion y en la
absorcion, adaptacién y difusién de tecnologia., son vistas como fuentes de
habilidades técnicas industrialmente valiosas, facilitadoras del proceso de
innovacion y emprendimiento en el sistema de innovacion de un pais (Pedroza
-Zapata et al. 2020 p. 102). Sin embargo, las universidades que ofrecen el plan
de estudios de la profesién de enfermeria no integran materias, cuyos contenidos
ofrezcan conocimientos para la creacion de negocios que permitan a los

egresados ejercer la practica autonoma de enfermeria.
Inclusion de materias con contenido académico para la creacién de negocios en los
planes de estudios donde cursaro n la licenciatura los profesionales de enfermeria.

w5 = No

Figura 1. La figura demuestra el porcentaje de los profesionales de enfermeria que durante su
formacién académica cursaron materias que incluyeran conocimientos para la creacién de
negocios, el 66% responde que no cursaron una materia para la creacion de negocios y un

34% responden que si cursaron una materia para la creacion de negocios en enfermeria.
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Inclusion de materias con contenido académico de mercadotecnia en servicios de salud
en los planes de estudios donde cursaron la licenciatura los profesionales de enfermeria

5 W No

Figura 2. La figura 2 demuestra el porcentaje de los profesionales de enfermeria que durante
su formacién académica cursaron la materia de mercadotecnia en servicios de salud el 88%
responden que no cursaron esta materia y el 12% responden que si cursaron la materia de
mercadotecnia

Lugar de realizacién de précticas profesionales de enfermeria durante la formacion
académica de los profesionales de enfermeria.

_
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Figura 3. Los profesionales de enfermeria entrevistados realizaron practicas profesionales
durante su formacién académica en: consultorias de préactica autonoma de enfermeria 0%,
profesionales que no realizaron practicas en ningun lugar 1.4%, el 63.1 % realizaron préacticas
en &mbito comunitario, el 4.5 % en el &mbito industrial, el 57.7% realizo practicas en el
ambito educativo, el 98.6 % realizé practicas en el &mbito de clinicas de primer nivel de
atencion y 98.6 % en ambitos hospitalarios.

Influencia de los profesionales de enfermeria para la creacidn de negocios de la disciplina
durante la etapa de formacion académica de los profesionales de enfermeria.

- mNe

Figura 4. La figura demuestra que el 5% de los profesionales de enfermeria durante su
formacién académica recibieron influencia de profesionales de enfermeria para la creacién de
negocios y el 95% no recibieron influencia para la creacion de negocios en salud durante su
formacion académica
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Participacion en proyectos de emprendimiento en salud de los profesionales de
enfermeria durante el servicio social.

m5 mNo

Figura 5. La figura 5 demuestra que los encuestados durante la realizacion del servicio social
el 4% particip6 en proyectos de emprendimiento en salud y el 96% no particip6 en proyectos
de emprendimiento en salud

Experiencia laboral de los maestros que impartieron catedra durante la formacion
académica de los profesionales de enfermeria.

EXP. CLINICA EXP. NEGOCIO
LS

Figura 6. La figura 6 muestra la experiencia laboral de los maestros que impartieron catedra a
los encuestados, se observa que el 97.1% poseian experiencia laboral clinicay el 2.9 no
contaban con experiencia laboral clinica, el 32.9% contaban con experiencia laboral en la
creacion de negocios y el 67.1% no contaban con experiencia laboral en la creacion de
negocios

Observacion de los profesionales de enfermeria durante su formacion académica de la
participacion de los catedraticos en proyectos de innovacién en servicios de enfermeria.

W% EMNo

Figura 7. La figura 7 indica el porcentaje de los profesionales que durante su formacion
académica, observaron la participacion de los catedraticos en proyectos de innovacion en los
servicios de enfermeria, el 17 % si observo la participacion de los catedraticos y el 83% no

observo la participacion de los catedraticos en proyectos de innovacion de servicios de
enfermeria
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Influencia ejercida de los catedraticos a los profesionales de enfermeria durante su
formacion académica para ejercer la practica auténoma de enfermeria.

Figura 8. La figura 8 indica la influencia ejercida de los catedraticos que les impartieron
clases a los profesionales de enfermeria durante su formacion académica, el 94% de los
entrevistados consideran que los catedraticos que no influyeron en ellos para ejercer una
practica auténoma de enfermeria y el 6% expresa que si influyeron en ellos para ejercer la
practica auténoma de enfermeria pero no la ejercen

Discusion

Rossetti, Aisa y Wright (2020 p.34) expresan que la vinculacién
Universidad-Empresa, requiere ser permanente para generar sinergia entre las
demandas sociales que atienden la empresa y la formacién de recursos humanos,
futura fuerza laboral de las empresas con la intencion de contribuir al desarrollo
econdmico del pais o bien de la region.

Segun Bayas, Garcia, Chaguay y Sanchez (2020 p.5) el emprendimiento
ha retomado importancia para el desarrollo econémico de un pais, sin embargo
las universidades que imparten la carrera de enfermeria en México no lo han
considerado al interior de los programas de estudios en la carrera de enfermeria,
ya que, como se observa los futuros profesionales no se tienen actividad durante
su formacion en conocimiento, ni en proyectos relacionados con el
emprendimiento para el cuidado de la vida y la salud de las personas.

La transferencia de conocimientos y tecnologias entre el sector
académico y la empresa pretende estimular la innovacion, a manera de resolver
problematicas reales del sector productivo y de la sociedad, por lo que se
considera importante la actualizacion oportuna de planes y programas de estudio
que permita a los egresados responder a estas demandas sociales y empresariales
actuales (Rossetti et al. 2020 p. 34).

La realizacion de las practicas clinicas, asi como el servicio social en
enfermeria son esenciales, pues significan la posibilidad de aplicar los
conocimientos tedricos y adquirir habilidades indispensables para proporcionar
cuidados al paciente, coadyuvando ademas a desarrollar una actitud critica y
humanista, fundamental para el futuro ejercicio profesional (Domez, Valencia
y Contreras 2020 pp. 437-448).

www.eujournal.org 295


http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2021 edition Vol.17, No.3

En esta poblacion de estudio los encuestados indican que realizaron
practicas en diferentes &mbitos como son el &mbito hospitalario, en clinicas de
primer y segundo nivel de atencién, en comunidades, en &mbitos educativos y
en un porcentaje minimo en industrias, pero se observa que ninguno de los
profesionales de enfermeria entrevistado realiz6 practicas profesionales con
profesionales de enfermeria que ejercieran la practica autonoma del cuidado,
por lo tanto no cuentan con un modelo de observacion que les permita iniciar
con la préctica autonoma del cuidado.

El crecimiento en el emprendimiento ha generado cambios en la
dinamica global de desarrollo y creacién de empresas y se ha resaltado la
importancia de estimular a los jévenes hacia la actividad emprendedora, pues
son ellos los futuros empresarios y como tal esta ligado el crecimiento futuro de
las regiones (Mejia, Arias, & Echeverri, 2017).

En el liderazgo docente para el emprendimiento segin Guerrero et al.
(2020 parr.2) expresan que el problema radica en que el docente actual
desconoce el rol que debe asumir en estos contextos, bajo la figura de un docente
emprendedor que a lo largo de su ejercicio docente logre incorporar la
tecnologia en procesos de innovacién dentro del &mbito educativo, es por ello
que se hace necesario que el docente en enfermeria incursione en una pedagogia
orientada hacia la resolucion de conflictos, generacion de competencias en
liderazgo y emprendimiento.

Se observa que los académicos que impartieron clase a los entrevistados
cuentan con experiencia clinica en primer y segundo nivel de atencion, pero
carecen de experiencia en proyectos de innovacion o emprendimiento de la
salud o de la disciplina de enfermeria, lo que impide que puedan orientar a los
estudiantes a adquirir una vision empresarial a futuro.

Conclusion

Los profesionales de enfermeria al egresar de la formacion académica
no cuentan con conocimientos tedrico practicos para ejercer o liderar proyectos
de emprendimiento para el cuidado de la vida y la salud de la poblacién.

Los académicos y profesionales de enfermeria que participan en el
proceso de formacién profesional, no cuentan con perfiles formativos que
influyan en los alumnos para participar en proyectos de emprendimiento o
visualizar el emprendimiento como una actividad remunerada en la profesion de
enfermeria.

Por lo tanto, se concluye que no existe liderazgo académico para el
emprendimiento en enfermeria, se sugiere a las universidades que ofertan la
carrera de enfermeria, impartir materias que permitan a los futuros profesionales
la gestion de sus propios recursos econdmicos, asi como actualizar los perfiles
académicos de los catedraticos que imparten clases para impulsar la creacion de
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consultorias en el cuidado de la vida y salud lideradas por profesionales de

enfermeria.
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Abstract

Poor sanitary practices are common amongst many food handlers posing
a health risk to consumers. Maintenance of high quality water is one of the most
important aspects of ensuring consumer safety. Therefore, regular water testing
is critical in public food outlets where bacterial contamination may cause
outbreak of disease.

The study aimed at analyzing water samples obtained from the formal
and informal food outlets for the presence of fecal coliforms that are indicative
of poor sanitation that result in foodborne infections amongst consumers.

Using a cross-sectional design, water samples from participating food
outlets (N=40) were analyzed using the membrane filtration method. Samples
were filtered, under vacuum, through a cellulose acetate membrane of 0.45 um
pore size.

Fecal coliforms exceeding permissible range were detected in 15 test
samples (N=40). The median (IQR) concentrations of fecal coliforms
(FC/100ml) in dishwashing water was 1(136) and 145(340) for the formal and
informal food outlets respectively. The median (IQR) for drinking water was
0(0) with a minimum and maximum range of 0 and 14 FC/100mls.
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The study established a positive correlation between fecal coliforms and
electrical conductivity, and total dissolved solids (p<0.05) in dish washing water
used at both formal and informal food outlets. Contamination was attributed to
lack of running water, poor pest control and unwholesome practices in many
food outlets.

Based on the study findings, it is concluded that electrical conductivity,
total dissolved solids and turbidity values may be used to deduce the presence
of fecal coliforms in water. The study recommends that water drawn from
unprotected sources must be boiled or treated at the point of use before it can be
safely used in food outlets. Periodic water testing and sanitary supervisions for
all food outlets must be mandatory to ensure compliance with minimum set
standards.

Key Words: Fecal Coliforms, Formal Food Outlets, Informal Food Outlets

Introduction

Drinking non-potable water predisposes people to waterborne disease
outbreaks and unprecedented deaths (Prabhu & Shar, 2012) yet in many
instances, the opinion of water is subjected to its quantity rather than quality
(Neswiswi, 2014). The risks associated with consumption of contaminated
water is because of failure in securing optimal hygiene management practices
at both formal and informal settings. Water quality encompasses physical,
chemical and biological properties that are supposed to be in line with the
required specifications (Agensi et al., 2019).

Coliform bacteria are facultatively anaerobic rod-shaped Gram-

negative non-spore forming bacteria. They are mostly used as a measure of
the sanitary quality of water (Leclerc, 2001). They are capable of fermenting
lactose to produce acid and gas when incubated at a temperature range of
between 35-37°C (Gruber, 2014). Coliform bacteria are found in large
quantities in human excreta. Their presence is suggestive of other infective
pathogens of fecal origin such as E. coli (Bandekar et al., 2006; Nwachukwu
and Otokunefor, 2006). Besides traditional methods of detecting coliform
bacteria, water quality factors have also been used as significant predictors of
fecal coliform bacteria (Seo et al., 2019; Hayashi, 2004).
In many middle and low-income countries, cases of microbial contamination
of water are linked to unwholesome practices, lack of water treatment at the
point of use and unhygienic management of water sources (Agensi et al.,
2019).

Policy Framework

Drinking water regulations involve the monitoring of bacterial,
parasitic and chemical impurities that can endanger lives of consumers (Lee

www.eujournal.org 301



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2021 edition Vol.17, No.3

and Kim, 2002). To this end, with good water laws and policies in place, the
expectation is provision of safe and potable water to uplift the health of people.

By description, formal food outlets are duly licensed facilities that
remit tax to the government. In return, they enjoy access to public services
such as piped water connections and waste collection services. Informal food
outlets operate from unlicensed premises. They are unregistered, unregulated
and unable to access institutional support (Jongh, 2015). The sale of food from
unauthorized places is a criminal offence according to the Malawi Local
Government sanitation and market By-Laws of 2015 and the Malawi National
Environmental policy (2010). The policy framework outlines key policy
statements on environmental sanitation, water quality testing and procedures
for the certification and auditing of food outlets.

In this study we aimed (1) to analyze the microbial quality of water
used in formal and informal food outlets; (2) to establish correlation between
fecal coliforms and determinants of water quality (Water pH, Turbidity (T),
Total Dissolved Solids (TDS) and Electrical Conductivity (E.C.); and (3) to
compare the level of risk of faecal contamination between the water used at
formal and informal food outlets.

Materials and methods
Design, sample size and sampling technique

The study employed a cross-sectional design, using observational
methods. The Municipal Chief executive provided a list of forty (40) licensed
food outlets. The investigators identified eighty-six (86) informal food
operations within the same locality. Using a simple random sampling
technique on each cluster (formal & informal), ten (10) formal and ten (10)
informal food outlets were selected. Two (2) sample types, namely
dishwashing water and drinking water, were collected from the twenty (20)
randomly selected food outlets making a total sample size of (forty) (40) from
both formal and informal food outlets in the Municipality. The sample size
justification was based on the water quality studies by WHO (2008), that
recommend testing as a minimum, 30% of households or locations in small
projects of less than 500 households. See Table 1 showing recommended
sample sizes according to WHO, (2008).

Table 1. Recommended sample sizes for water projects

Project size Sample size
500 41-85
1,000 43-91
2,000 43-95
3,000 44-97
4,000-6,000 44-98
7,000-15,000 44-99
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| >20,000 | 44-100
Source: WHO, (2008).

Study site

The study was conducted in the municipality of Kasungu District in
Central Malawi between April to July, 2019. The district has a population of
735,836 and is bordered by Zambia to the West, Mchinji district to the
Southwest, Dowa and Lilongwe districts to the South, Ntchisi and Nkhotakota
districts to the East, and Mzimba District to the North. (See Figure 1) Kasungu
Manucipality is on grid reference 330 30' east and 130 03' south and about 127
kilometers North of Lilongwe, the capital city of Malawi. It is along the M1
Road running from Lilongwe to Mzuzu (Kasungu Urban socio-economic
profile, 1998). The municipality is supplied with piped water by Central
Region Water Board (CRWB).

Figure 1. Map of Kasungu district (Source: Urban socio-economic profile,
1998)

Ethics

Ethical approval to conduct the study was obtained from National Council
of Science and Technology (NCST), with approval number NCST/RTT/2/6.
Clearance was obtained from the Chief Executive of Kasungu Municipal
Council and food outlets managers. Written informed consent was obtained
from food outlet managers in order to get permission to collect water samples
and to inspect their premises.

Data collection and study instruments

Samples were collected by a public health graduate with expertise in
water and sanitation. Samples for Measurement of pH, Total dissolved solids,
and Turbidity were tested on site using a lab Force TS- PH200 portable pH
meter, a digital TDS tester meter electrode (HM Digital TDS-4), and a battery-
operated digital turbidity meter (model number WGZ- 20) respectively. For
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thermo tolerant (faecal) coliforms, samples were transported on ice in a cooler
box at a temperature below 10° C to CRWB lab in Kasungu within 30 minutes
from the last sample collection point. Samples were incubated at 44.5° C for
24 hours using a portable Millipore bacterial incubator.

The following checklist and observational methods were used to collect data:

Sanitary inspection and risk score for the food premises

Intrinsic bias was eliminated by the application of two data collection
methods (sanitary inspection and sample testing) to facilitate reliability and
validity. Sanitary inspection was done in order to identify the possible sources
of faecal contamination.

The sanitary inspection checklist was designed based on standards and
guidelines drawn by city/ municipal councils, The Malawi Bureau of
Standards (MBS), Malawi National Environmental Health, and Sanitation
policy. This checklist was used to inspect water storage areas, assess employee
hygiene, as well as facility design. The sanitary checklist had 10 hazard
statements designed to capture the most likely sources of water contamination
such as availability of running water, pest control, use of protective wear/

uniforms etc. See Table 2 below:
Table 2. The sanitary inspection tool for the food outlets

Hazard Formal Informal
Yes | No | Yes ':
1 Does facility have running water? 9 1 0 10
Is the quantity of water that you receive from your main source of
2 9 1 0 10
water adequate?
3 Is water reserved for drinking safely covered?(tight lid cover) 8 2 6 4
4 Is the water treated at source point? 9 1 3 7
Avre refuse bins having tight-fitting lids, kept at a distance from the
5 - . 8 2 0 10
kitchen and emptied regularly?
6 Is staff trained in basic food hygiene practices? 3 7 0 10
Are food handlers provided with uniforms, caps, aprons and hair
7 nets? 5 5 0 10
Is jewelry limited to a plain ring, such as a wedding band, and no
8 6 4 4 6
bracelets?
Is there a procedure for referring sick employees for a prompt
9 - . - 2 8 0 10
medical opinion on fitness for work?
Avre kitchen storage areas regularly checked for pest infestations
10 . 2 2 8 0 10
(mice, insects, etc.)?
Total 61 | 39 | 13 | &7

Field testing procedure

Using a membrane filtration method, a volume of 100mls of water
sample was filtered, under vacuum, through a cellulose acetate membrane of
0.45 um pore size. The sampling bottles were labeled with sample reference
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number, site, date and time and were incubated for 24 hours at a temperature
of 44.5 °C.
Data analysis

Data was collected using a checklist and entered into an excel sheet,
cleaned and sorted. Thereafter, Statistical Package for Social Sciences (SPSS)
version 20 was used to analyze the data. For descriptive statistics, the Median
with an associated Interquartile Range (IQR) was used and the Wilcoxon Rank
Sum statistical test was employed to determine systematic differences in the
risk of faecal coliform contamination between formal and informal food
outlets and the level of contamination between drinking water and
dishwashing water. The relationship between faecal coliforms and other
determinants of water quality were compared using Spearmans Rho because

Drinking Water Dish Washing
Formal Informal Formal Informal
Parameter |[Median(IQR) Min  Max |Median(IQR) Min Max Median(IQR) Min Max [Median(IQR) Min Max
FC/100mls 0(0) 0 14 10(0) 0 96 1(136) 0 450 [145(340) 0 680
pH 76(0.18) 746 7.8|7.7(0.11) 7.58 793| 762022) 694 7.93]766(0.26) 7.01 7.89
EC 175(2) 167  181]1785(5) 163 182 178(6) 76 1094 | 182(7) 177 991
TDS 104.5(2) 100 107 | 107.5(3) 98 109 107(4) 45 657 |109.5(4) 106 598
T 16(0.72) 068 135]1.88(1.23) 0.59 6.78| 142(222) 059  8.58 |4.95(12.56) 1.98 460

available data was not normally distributed. We used a checklist for sanitary
inspection to ascertain possible sources of water contamination at food outlets.

Results

Water quality refers to the chemical, physical, biological and radiological
characteristics of water relative to the requirements of any human need. Water
is a critical raw material in many food establishments; and contaminated water
can become a public health risk when it is used for activities such as drinking,
washing of foods, incorporated as a food ingredient, or for washing utensils
and hands. All food outlets (formal and informal) used piped water as their
primary source of drinking water. However, when piped water could not be
accessed, people drew water from alternative sources within their reach. Water
quality testing gave us a snapshot of the quality of water that was found in use
at the time of the study.

A summary of the questions in the checklist is tabulated as in Table 6
Objective 1: In this study, we aimed to analyze the quality of water used
in formal and informal food outlets. The following is the results table
(Table 3).
Table 3: Analysis of water quality parameters
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To establish strength of association between fecal coliforms and determinants
of water quality (Water pH, Turbidity (T), Total Dissolved Solids (TDS) and
Electrical Conductivity (E.C.); the results table 4 below shows a positive
correlation between FC and other determinants of water quality.

Objective 2: To establish correlation between fecal coliforms and
determinants of water quality (Water pH, Turbidity (T), Total Dissolved

Drinking Water Dishwashing Water

formal Informal overall formal Informal overall

Param | N Rho Pwval [N Rho Pwval |N Rho Pval |N Rho Pval [N Rho Pwval [N Rho Peval
PH 10 052 012010 053 O0M7]20 08 0012910 023 050 )10 02 0516]2 005 081
EC 10 053 011610 -026 0474120 006 081510 085 004310 074 0014]20 070 <0001
TDS |10 047 0168 | 10 -021 0558 |20 002 094310 076 0001 (10 077 0001 |20 076 <0.001
T 10 041 0242 110 044 0703120 007 0780 410 076 0011 {10 037 0287 | 20 060 0.005

Solids (TDS) and Electrical Conductivity (E.C.) using Spearman’s correlation.
Table 4. Correlation between fecal coliforms and determinants of water
quality

The study also sought to compare the level of risk of faecal contamination
between the water used at formal and informal food outlets; and the extent to
which drinking water differed with dishwashing water in terms of FC
contamination. Basically, for both drinking water and dishwashing water, the
sum of ranks for Informal outlets was higher than that of formal outlets but the
difference was not statistically significant. See results Table 5.

Objective 3: To compare the level of risk of faecal contamination between the

water used at formal and informal food outlets.
Table 5. A comparison table between formal and informal food outlets

Drinking Water Dishwashing Water
Classification N Sum of P-value N Sum of P-value
Ranks Ranks
Formal 10 99 0.466NS 10 90 0,241
Informal 10 111 ' 10 120 '

- Method used: Mann-Whitney U test (Non Parametric test)
- NS: Not statistically significant

Discussion

Water is an essential resource in food outlets. Using water of potable
quality is the safest option in food outlets; however, access to exclusive
potable water requirements may not always be feasible and practical due to
intermittent supply outages of the commodity. This prompts food workers to
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fetch water from unprotected water sources thereby risking consumers to
waterborne infections.

Formal food outlets

Using the sanitary inspection tool in figure 3, Formal food outlets
enjoyed better sanitary services such as running water, and waste collection
services by municipal authorities. However, food handlers working therein
were not trained in basic food hygiene. There was no proper mechanism of
handling sick food handlers and about when they would return to work after
recovery. Their kitchens and storage areas were not regularly checked for pest
control. This increased the risk of water contamination at these premises. Only
one (1) single food outlet at the formal section served water to consumers that
had a higher level of faecal coliforms of up to 14 FC/100mls that exceeded
WHO (2008) and the MBS MS: 214 (2013) permissible range of 0 FC/100mls
in any water intended for drinking (see Table 6). None compliance to expected
standards can put the lives of consumers at risk. The median (IQR) for
drinking water at this section was 0(0) with a minimum and maximum range
of 0 and 14 FC/100mls.

For dishwashing water, the quality was severely compromised. High
levels of faecal coliforms were detected in this type of water and at several
outlets. Better sanitary services provided by the municipal council here did not
translate into desired outcome as evidenced by the detection of large quantities
of faecal coliforms with a median (IQR) of 1(136) and a minimum and
maximum range of 0 and 450 FC/100mls respectively. These findings are
consistent with Asogwa et al. (2015) and Marobhe and Sabai (2016) who
detected high bacterial counts from dishwashing water that was used by food
handlers as it was not regularly replaced with fresh water - a practice they
attributed to lack of food hygiene training.

Informal food outlets

The informal food outlets operated without fulfilling minimum set
standards. They lacked basic infrastructure and sanitary services thereby
increasing the perception that water they served to consumers was potentially
harmful to human health. The Malawi National Environmental Health Policy,
(2010) advocates for improved water quality, sanitation, and hygiene at public
and business institutions. Clause 5.4.1.3.2 of the Malawi Bureau of Standards
(MBS) states non-potable water may be used with the acceptance of the MBS
for steam production, firefighting, and other similar purposes not connected

with food. See table 6 for drinking water standards
Table 6. Drinking Water Standards
Parameter Normal value
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Fecal coliforms 0 FC/100mls
pH 6.5-8.5
TDS <500 mg/1
EC <400 pS/cm
T <1 NTU

Source: WHO, 2008

Drinking water sampled at the informal section was contaminated
because of unwholesome food handling practices. Workers performed their
duties entirely in their street clothes and lacked basic food hygiene education.
Lack of running water ranked so high amongst all informal food outlets basing
on the checklist on sanitary inspection. Besides this, the water they used was
in insufficient quantities, which compromised hygiene standards. The median
(IQR) for drinking water at this section was 0(0) with a minimum and
maximum range of 0 and 96 FC/100mls respectively. Despite many challenges
consistent with the informal food outlets, water for drinking was safely stored
in containers with a lid cover.

As for dishwashing water, the informal section registered
unprecedented FC count. The median (IQR) was as high as 145(340) with a
minimum and maximum range of 0 and 680 FC/100mls respectively. The
usage of such quality of water is unacceptable and demonstrates the highest
level of deception and complete lack of integrity in food business which has
been going on unchecked. A similar study (Musa and Akande, 2003)
recommended strict measures in checking compliance to good hygiene
practices amongst informal food handlers because their findings revealed
unwholesome practices such as recycling of dirty water, lack of soap, and use
of limited utensils. Multiple lines of evidence indicate that water is
contaminated by pathogenic bacteria due to poor hygiene practices (Muzaffar
et al., 2009; Hanashiro et al., 2005; Kruy et al., 2001) which expose many
consumers to risk of waterborne diseases.

Correlation of FC with other determinants of water quality

A positive correlation was noted between FC and EC, TDS and T.
(p<0.05) in dish washing water used at both formal and informal food outlets.
The findings are consistent with an earlier study (Busse and Hefeker, 2007)
that confirmed a positive correlation between turbidity and faecal coliforms.
Armah (2014) and Nura and Hamzaraj (2016) concluded that pH, electrical
conductivity, total dissolved solids, and turbidity were significant predictors
of total coliform bacteria in water. Although all other determinants of water
quality are in agreement with the studies mentioned above, this study however,
failed to prove the relationship between pH and FC. This could be attributed
to a smaller sample size that was used. Considering the findings of this study,
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on the correlation between faecal coliforms and other determinants of water
quality, it is concluded that EC, TDS and T values may be used to deduce the
presence of faecal coliforms in water.
Comparative analysis of the level of risk of fecal contamination

The study also sought to compare the level of risk of faecal
contamination between the water used at formal and informal food outlets; and
the extent to which drinking water differed with dishwashing water in terms
of FC contamination.

Formal and informal food outlets

Formal food outlets in this study failed to live up to consumer
expectation. They demonstrated laxity in quality assurance for use of polluted
water for cleaning dishes just as other counterparts in the informal section.
This is despite having running water at their premises. Wilcoxon-Mann-
Whitney U test p- values 0f 0.466 and 0.241 between formal and informal food
outlets respectively were statistically insignificant. We aimed to determine
whether there is a difference in the risk of contamination between formal and
informal outlets based on the median scores of drinking water as well as
dishwashing water quality used at these types of food outlets. A 2010 U.S.
Environmental Protection Agency (EPA) study found fecal contamination in
nearly half of surveyed water dispensers in Virginia restaurants. In the city of
Dhaka, a study (Faruk and Akhter, 2012) detected faecal coliforms in 84% of
water samples meant for consumers in restaurants and fast food shops.

Limitations of the study

The study focused on food outlets within the municipal central business
market. Peripheral food outlets were not included in the study due to resource
limitations as such, the sample size was smaller than previously desired which
could trigger type 2 errors, thereby decreasing inference and the statistical
power of the study. Secondly, potable water quality defined by levels of fecal
coliforms alone is not enough for ascertainment of safe water use in food
outlets as it is not considered an appropriate surrogate for the diversity of
bacteria, viruses and parasites that may be present in water.

Conclusion

Findings of this study concluded there was evidence of fecal
contamination of water used in the food outlets in the study area.
Contaminated water was used for many activities such as dish washing,
washing of food stuffs and served to consumers for drinking. Findings also
showed that some determinants of water quality such as turbidity and total
dissolved solids were so predictive of faecal contamination. Although formal
food outlets had better sanitary conditions than the informal ones, the study
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did not establish any significant differences in terms of microbial quality. The
study observed that poor microbial quality of water was in use in some food
outlets in the informal section. The study recommends a robust sensitization
campaign on the various methods of in-house water treatment to all food
handlers. Under the same observation, the municipal town authority must
conduct periodic ascertainment of water quality in food outlets as a strategy to
improve the microbial quality. Based on the correlation findings between fecal
coliforms and other determinants of water quality, it is concluded that EC,
TDS and T values may be used to deduce the presence of faecal coliforms in
water. The risk of contamination was the same regardless of type of food
outlet. We therefore recommend that issuance and renewal of food business
licensing must be effected subject to fulfilling minimum acceptable hygiene
and food safety standards.

We propose that future studies (1) should consider bench-marking water
at the very source point before the distribution terminal; (2) and a larger
sample size to reduce the margin of error.

Appendix
Table 6. Water quality data for drinking and dish washing (N=40)
Sample | Source Coordinates Sample type | Classification | FC/100mls | pH | EC | TDS | Turbidity
code

1 S2 552820 | 8557230 | Drinking Water Formal 0 7.46 | 167 | 100 1.38

2 Dishwashing 220 7.93 | 177 | 107 3.24
water

3 s3 551914 | 8557614 | Drinking Water Formal 0 7.63 | 175 | 104 1.6

4 Dishwashing 2 7.64 | 181 | 108 1.02
Water

5 s4 551892 | 8557672 | Drinking water Formal 0 7.63 | 175 | 104 1.6

6 Dishwashing 0 7.63 | 175 | 104 1.6
Water

7 S5 552042 | 8557740 | Drinking Water Formal 0 7.68 | 178 | 107 1.58

8 Dishwashing 0 7.76 | 174 | 104 1.36
Water

9 S6 552047 | 8557750 | Drinking Water Formal 0 7.48 | 176 | 106 135

10 Dishwashing 120 75 | 178 | 107 1.47
Water

11 s7 552018 | 8558158 | Drinking Water Formal 0 756 | 173 | 104 1.2

12 Dishwashing 0 7.47 | 178 | 107 1.26
Water

13 s8 551999 | 8558198 | Drinking Water Formal 14 7.8 | 181 | 107 2.37
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14 Dishwashing 450 6.94 | 1094 | 657 8.58
Water

15 s9 552011 | 8558164 | Drinking Water Informal 0 7.93 | 182 | 108 1.59

16 Dishwashing 620 7.1 | 991 | 598 15.8
Water

17 s10 552020 | 8558446 | Drinking Water Informal 0 7.58 | 176 | 105 1.69

18 Dishwashing 340 7.62 | 184 | 110 3.24
Water

19 s11 552026 | 8558448 | Drinking Water Informal 0 7.61 | 182 | 109 6.78

20 Dishwashing 0 7.55 | 178 | 106 3.97
Water

21 s12 552029 | 8558438 | Drinking Water Informal 0 7.71| 179 | 108 3.83

22 Dishwashing 0 7.7 | 180 | 109 5.93
Water

23 s13 552034 | 8558430 | Drinking Water Informal 40 7.75| 163 | 98 2.47

24 Dishwashing 680 7.78 | 706 | 423 460
Water

25 s14 551923 | 8558384 | Drinking Water Informal 0 7.64 | 178 | 107 2.06

26 Dishwashing 0 7.56 | 177 | 106 1.98
Water

27 s15 551934 | 8558396 | Drinking Water Informal 96 7.85| 179 | 108 0.71

28 Dishwashing 220 7.89 | 178 | 107 3.36
Water

29 s16 551931 | 8558400 | Drinking Water Informal 0 7.66 | 175 | 105 1.24

30 Dishwashing 180 7.81 | 184 | 111 2.09
Water

31 s17 551945 | 8558416 | Drinking Water Informal 0 7.69 | 177 | 106 2.37

32 Dishwashing 110 7.81| 185 | 111 21.3
Water

33 s18 551950 | 8558472 | Drinking Water Informal 0 7.73 | 181 | 109 0.59

34 Dishwashing 88 7.01 | 178 | 107 14.4
Water

35 s19 552202 | 8558582 | Drinking Water Formal 0 7.67 | 177 | 106 2.1

36 Dishwashing 136 7.55 | 184 | 110 4.35
Water

37 s21 551756 | 8558194 | Drinking Water Formal 0 7.49 | 175 | 105 0.68

38 Dishwashing 0 772 | 76 45 0.59
Water

www.eujournal.org 311



http://www.eujournal.org/

European Scientific Journal, ESJ

ISSN: 1857-7881 (Print) e - ISSN 1857-7431

January 2021 edition Vol.17, No.3

39 s22 551903 | 8558050 | Drinking Water Formal 0 7.53 | 172 | 103 1.81
40 Dishwashing 0 7.61 | 178 | 107 1.01
Water

i = = i
Figure 2. Garbage bin without a lid cover Figure 3. Visibly dirty water used for
in kitchen at an informal food outlet dish washing at a food outlet (Photo: E.
(Photo: E. Chavura) Chavura
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Abstract

It is a critical requirement for the future of 5G communication networks
to provide high speed and significantly reduce network energy consumption. In
the Fifth Generation (5G), wireless cellular networks, smartphone battery
efficiency, and optimal utilization of power have become a matter of utmost
importance. Energy-efficient networks along with an energy-saving strategy in
mobile devices play a vital role in the mobile revolution. The goal of energy
efficiency, apart from its ecological value, is also associated with the reduction
of operational expenses for mobile network operators, as well as with greater
customer satisfaction thanks to increased battery life. Battery and power are an
area of significant challenges considering that smartphones are nowadays
equipped with advanced technological network features and interfaces. These
features require a lot of simultaneous power to make decisions and to transfer
information between devices and networks to provide the best user experience.
Furthermore, to meet the demands of increased data capacity, data rate, and to
provide the best quality of service, there is a need to adopt energy-efficient
architectures. The new strategies should not only focus on wireless base stations,
which consumes most of the power, but it should also take into consideration
the other power consumption elements for future mobile communication
networks, including User Equipment (UE). In this paper, we do an overview of
power consumption and improvements made so far on the networks and user
equipment side and provide our proposals on how to overcome these power-

www.eujournal.org 315



http://www.eujournal.org/
https://doi.org/10.19044/esj.2021.v17n3p1
https://doi.org/10.19044/esj.2021.v17n3p315

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2021 edition Vol.17, No.3

hungry issues on the newly 5G systems.
1
Key Words: 5G, Rel-15, NR, LTE, Embb, Smartphone, Battery, Power
Optimization, Energy Consumption, Energy Efficiency, Network Efficiency

Introduction

This paper brings a general overview of smartphones power
consumption issues on implementations of currently new 5G technologies.
This has been and is on our focus for several years now and looks to continue
still till 5G will get mature enough from that perspective.

Energy efficiency is defined as the opposite of the energy consumed
per transmitted bit, or as the number of bits transmitted for every unit of energy
consumed. In the communications space, power consumption and the resulting
energy-related pollution are becoming major operational and economical
concerns. The exponential increase, projected in network traffic (data) and the
number of connected smart devices, make energy efficiency extremely
important. Thus, increasing energy efficiency in mobile networks will reduce
the costs of capital and operational expenditures. This as well will have to
consider the user equipment (UE) part. On 3GPP Release 15 [as of 3gpp.org],
bands are specified in two Frequency Ranges (FR). FR1 ranges from 450 MHz
to 6000 MHz, known as cmWave. Bands in FR1 are numbered from 1 to 255
and are commonly referred to as Sub-6Ghz. FR2 ranges from 24250 MHz to
52600 MHz; bands in this set are numbered from 257 to 511 and commonly
referred to as mmWave. The initial roll-out of 5G mmWave New Radio (NR)
is focused on enhanced Mobile Broadband (eMBB) to increase the data
bandwidth and efficiency of connections using a different set of radio
frequency bands, enabling better download and upload speeds and less latency
compared to 4G/LTE network. Ultra-reliable Low Latency Communication
(URLLC) focuses on highly latency-sensitive or mission-critical use, such as
factory automation, remote robotic surgery and driverless autonomous cars
etc.

The new 5G system needs to adapt and allow devices and network
components to make smart decisions proactively. For example, the network
should decide whether to use data using LTE or 5G technology for specific
services or applications, using metrics such as remaining battery level, RF
strength, network load, and resource availability, to provide the best user
experience and create a path for both network and device power efficiency.
Network operators and device manufacturers have always considered power
performance and efficiency to be one of the critical 5G features for
optimization and have continued to drive energy-efficiency network ideas into
3GPP standards. The Radio Access Networks (RAN) manufacturers are
developing smart sleep mode technology to guarantee that the radio hardware
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only transmits radio frequency signals when needed and can achieve up to
15% of the energy from software features only [Lauridsen et al 2016].

Fast transitions between sleep and active modes and short active time
with high data rate together with low sleep mode power consumption are
required to guarantee multiple years of a lifetime for a small low-cost battery.
Connected Mode Discontinuous Reception (CDRX) and Discontinuous
Reception (DRX) for example, allow UEs to make signaling free transitions
between sleep and awakened states. Base stations (JNB or RBS etc.) do not
schedule transmissions during the off period of the DRX cycle [3]. Currently,
network operators use the Short and Long DRX cycle, where the UE starts
with the Short DRX cycle and transitions to the long DRX cycle after a timer
expiration. The base stations can direct the UE into DRX mode. CDRX is even
more critical as it allows the UE to go to sleep while in connected mode, also
by minimizing network connections, signaling, and consuming less battery
[15].

The paper is structured as follows. In Section Il, we describe the
background and related works of such area. There are huge works and
investments from vendors and since it’s a new system it is not easy to find
related works published from other authors. In Section Ill, we analyze and
look on energy-related issues and proposals made on BTS and Smartphones.
In Section IV, we provide our conclusions and upcoming related works.

Background & Related Works

The optimization of already deployed 5G mmWave networks is still at
an early stage of work; there is not much data available for analysis issues and
identification of areas for improvement. We were not able to find much
research work related to impacts of mmWave and 5G NR on battery life.
Authors in [L&hetkangas et al, 2014] analyzed the UE battery status and
propose that UE proactively modifies the UE capability report before sending
it to the network helps in reducing the size of the RRC message to avoid issues
like the message buffer overflow. Authors in [Thantharate et al, 2019] provide
a survey on advanced research based on an overview of green 5G techniques
and energy harvesting in order to exploit multiple technological advantages
from an ecosystem of interoperable technologies. Authors in [Wu et al, 2017]
have surveyed multiple techniques of power optimization focusing on the use
of relays and small cells. They also highlight the importance of simultaneous
wireless power and information, MIMO and millimeter-wave.

Authors in [Abrol et al, 2016] analyzed how microsleep,
Discontinuous Reception and Transmission (DRX and DTX), and a wake-up
receiver concept can be combined to enhance the battery life of 5G mobile
terminals by 20%. 80% and 90% respectively. S. Rostami et al. in [Rostami et
al, 2018] aims at the reduction of cellular downlink (DL) power consumption,
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of discontinuous reception, by up to 30%, with the introduction of minimal
wake-up signaling in 5G networks.

5G Energy Related Issues And Proposals

Since 5G is currently new (started live operations on some network
operators from 2019), there are still ongoing works for standardizations. There
is a real focus on the energy part. This Energy must be considered from a
network point of view and specifically on BTS (or called gNB, NR, RBS etc),
and UE or called Smartphones. We will divide our observation on Energy into
two main parts: on BTS and UE part, and from HW and SW point of view
each.

The list of ongoing works and feature implementation is huge, and we
bring in this paper only some main topics regarding it. Note that there is a huge
difference between non-standalone (NSA) and standalone (SA) BTS
configurations. Where in the 2" one (SA, standalone mode) the BTS is using
its own 5G Core Network. This brings a major improvement on signaling,
synch messages and latency for end-user. The 5G UE will be able to
synchronize much faster. This will save energy because it will reduce the total
“ON” time.

Base Station power consumption

Base station resources are generally unused 75 - 90% of the time, even
in highly loaded networks. 5G can make better use of power-saving techniques
in the base station part, offering great potential for improving energy
efficiency across the network.

Today, we see that a major part of energy consumption in mobile
networks comes from the radio base station (BTS) sites and that the
consumption is stable. This raises an obvious question: if the base stations are
spending so much of their time not transmitting user data, why are they still
consuming energy all the time? The reason for this is that most of the hardware
components of BTS remain active so that they can transmit mandatory idle
mode signals that are defined in the 4G or 5G standards such as
synchronization signals, reference signals, and system information.

Muf:; RBS power
traffic I
\ — Data packet usage
- | tronsmission Full load
g
3 ‘
=2
E i < Ref. Symbols, S Sys Inf
= | | ef. Symbols, Sync, Sys Info
'; Active y ¥ ¥
@ 1 second l Sleep mode
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.
. t
traffic 24 hours RF output power

Figure 1. Varying network traffic load during the day (a) and Base station power model (b)
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The model shows that there is significant energy consumption in the
base station even at the times when there is no output power i.e. when the base
station is in an idle state as it shown in Figure 1.

According to Huawei data on RRU/BBU needs per site, the typical 5G
site has power needs of over 11.5 kilowatts, up nearly 70% from a base station
deploying a mix of 2G, 3G and 4G radios. Figure 2 illustrate the trend of
energy consumptions. 5G macro base stations may require several new,
power-hungry components, including microwave or millimeter-wave
transceivers, field-programmable gate arrays (FPGAS), faster data converters,
high-power/low-noise amplifiers and integrated multiple inputs multiple
output (MIMO) antennas. The bottom line is that, in an increasingly 5G world,
Communication Service Providers (CSPs) will face significant growth in their
energy bills,” writes MTN Consulting. So 5G at initial phase will bring a need
as well for more power on BTSs which is planned to be reduced in the next
releases [9]. We will talk in the next subsections only on two main contributors
in reducing power on BTS: deep sleep mode and beamforming.

11,577W

Figure 2. Site power equipment 2-4G and 5G

Energy-saving features of 5G New Radio

The 5G NR standard has been designed based on the knowledge of the
typical traffic activity in radio networks as well as the need to support sleep
states in radio network equipment. By putting the base station into a sleep state
when there is no traffic to serve i.e. switching off hardware components, it will
consume less energy. The more components that are switched off, the more
energy we will save. NR or 5G BTS, on the other hand, requires far less
transmissions of always-on signaling transmissions. This, in turn, allows for
both deeper and longer periods of sleep when there are little or no ongoing
data transmissions, which has a significant impact on the overall network
energy consumption.

Advanced “sleep” modes

One of the most significant developments associated with 5G is the
widespread use of deep Sleep Modes. The basic principle is simple: to
selectively turn off one or more devices in the absence of traffic. On this topic,
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4G was limited due to the design of its radio interface, a base station that must
transmit reference signals about 1,000 times per second, even without an
active mobile in the cell [10], [11]. 5G, on the other hand, provides for the
configuration of transmission-free time slots in non-traffic conditions, to
enable activation of more advanced and energy-efficient Sleep Modes. An
interval without transmission can be set to a range of 5-100 ms, but this means
that a terminal can take more time to hang on to a cell — without the user
noticing it.

Built-in antennas for more efficiency

Multiple input multiple output (MIMO) is a technology that uses
multiple antennas configured in a two-dimensional phased array. The antenna
system is attached to a base station and controls the transmission and reception
of radio signals. Massive MIMO systems or mMIMO are expanded MIMO
systems with up to several hundred antennas (like 8, 16, 64 or 256) and can
handle large volumes of network throughput and support large numbers of
client connections. Massive MIMO antennas can transmit the signal only in
the direction of the communicating mobile (known as beams), rather than over
awide area as the antennas commonly used in 4G do. This feature significantly
increases the throughput delivered by an antenna, as multiple beams can be
used simultaneously, each being able to reuse the cell’s frequencies. They
concentrate the power amplifiers (whose efficiency has been improved
compared to 4G) at the radome by combining radiating elements, analogue
electronics, and a digital part dedicated to beam management functions. While
a 5G antenna consumes three times more energy on average today than a 4G
antenna, this ratio is expected to drop to 50% by 2021 and 25% by 2022.
Above all, for this energy consumption, a 5G antenna manages a bandwidth
five times higher and can deliver a higher throughput to serve more users
simultaneously, which on the other side means less time in downloading or
uploading data for end-users (and less power consumption for them).

Beamforming is a technology that can direct radio transmission signals
in a specific direction. This increases the channel efficiency, data rates,
reduces interference and focuses radio energy directly at the client devices.
Since the massive MIMO antennas and base station systems communicate
with remote clients using a focused beam, the wireless protocols can calculate
the minimum power required for communication. This reduces the energy
consumption for wireless energy transmissions for both the base station and
the client devices. As a result, 5G networks using beamforming consume
about four times less power than comparable 4G networks [10], [11] and [15].
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UE Energy analysis and proposals
Next, we will talk about smartphones or user equipment part, their pain
points and improvements on energy consumption part.

Device energy consumption — HW part

Most 5G phones offer big batteries owing to the increased power
consumption of early 5G modems and connectivity. But just how much more
power does a 5G phone need over a 4G device? Redmi general manager Lu
Weibing [12] has taken to Weibo to answer this question, claiming that today
5G phones consume ~20% more power than a 4G phone. This suggests that a
20% increase in battery size is needed for a 5G phone to achieve the same
endurance as a 4G variant (assuming everything else is equal). Also,
Qualcomm’*s flagship 800-series processors consume 20% more “juice” than
an upper mid-range Snapdragon 700-series chipset. So, when taken together,
this means a 5G flagship will consume significantly more power compared to
a mid-range 4G smartphone, which means that battery capacity and
optimizations are key for high-end 5G phones.

Adopting a “sandwich” motherboard design and ultra-thin in-display
fingerprint sensor is the key to make more space for the phone’s bigger
batteries (in mAh and consequently in size) in order to overcome such issues
for now.

UE Energy Consumption and Wake Up Time

Reduced physical layer latency can be utilized to reduce energy
consumption of the network devices. Recent measurements on LTE
smartphones (and 5G for NSA configurations), have shown that the power
consumption ratio between the UE being “ON” and “sleeping” modes is at
least 1:35. Maximizing the UE’s sleep time is therefore essential to improve
the battery life. When the UE wakes up from the low-power sleep mode to
receive or transmit data it follows the procedure illustrated in Figure 3.

From power consumption perspective, the procedure can be divided
into five different states: sleeping, waking up (wup), synchronizing (sync),
transferring data, and powering down(pd). The states are illustrated in Figure
3. The power-up/down states when changing from sleep to active mode and
vice versa are device and user-dependent, and not significantly affected by the
wireless standard. Due to the shorter frames and the enabled allocation of
synchronization signals in every frame, the 5G UE will be able to synchronize
much faster. This will save energy because it will reduce the total ON time.
The time to transfer data in 5G will also be shorter compared to LTE due to
the increased data rates, which reduces the actual transfer time. Furthermore,
it has been specified that the base station has at least 4 ms to process the data
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before it transmits an ACK/NACK, and therefore the total time for single data
transmission is estimated to be at least 10 ms.

In practice, the actual wake-up from sleep to RRC connected state also
requires radio RRC connection setup procedure with the establishment of
radio bearers. In the 5G concept, due to the bidirectional control plane
embedded to each frame, the UE initiated data transmission/reception can be
achieved within 5 frames +1 symbol.

4 Power tsvmc Yeransfer
twu 7 tpd

t%lepn t:leep

> Time

Figure 3. UE power states during a transmission period

Due to the short frame length, the total time required for this procedure
is estimated to be ~1.27 ms (with 0.25 ms frame length) or even shorter with
shorter frame length.

Figure 4 below shows the results of theoretical numerical calculations
of the battery life as a function of synch and reception opportunity times and
the number of transmissions per second. Results are presented for both
machine-to-machine(M2M)-optimized LTE [Tirronen et al] and 5G systems
with different frame structures but with same power consumption values and
with 32400 Ws low-cost battery. In the transmission phase, the 5G UE is
assumed to follow the procedure according to Figure 5. In the reception phase,
the UE is assumed to perform only synchronization and thereafter receive a
short paging message with a length of one OFDM symbol. Based on Figure 5
we can conclude that it is obviously more efficient to use the proposed 5G
system over LTE due to the aforementioned reasons.

Device energy consumption due to monitoring purposes

NR enables higher data rates and lower latency, which allows user data
sessions to be terminated faster than in LTE. This inherently reduces the
associated energy consumed by the device per transmitted bit. However, since
data arrival patterns are not deterministic, the device also monitors the
physical downlink control channel (PDCCH) for possible data scheduling
information during periods when data is not scheduled. With similar settings,
NR and LTE device energy consumption for control channel monitoring in
connected mode does not differ significantly. However, invoking new
performance-enhancing features in NR (wider BWs, shorter slot times,
multiple scheduling events per slot, etc.) can also increase the energy cost of
control channel monitoring.
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Battery life time
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Figure 4. Battery lifetime comparison between LTE and 5G
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Figure 5. UE initiated procedure for transmission in 5G

Therefore, the first NR specification Rel-15 includes numerous tools
for saving device power and energy, such as inactive state, connected-mode
discontinuous reception (cDRX), and customized control channel monitoring.
3GPP companies have developed a mutually-agreed device power model that
captures the relative powers associated with different active operations, to the
lowest power, deep sleep mode. Undoubtedly, reducing the fraction of time
for the device to perform unnecessary PDCCH monitoring and enabling the
device to be in a sleep state instead offers a high potential for energy
conservation.

Figure 6 presents the accumulated energy consumption profile of a
typical eMBB device operating in a variety of states in a mix of traffic events
over 24 hours. The left-hand bar graph shows, starting from the top, the
fraction of energy consumed while performing control channel monitoring,
data reception, periodic activities in connected and inactive modes, and deep
sleep. The right-hand bar graph indicates the fraction of total time spent
performing the respective operations. Despite the relatively short time fraction
spent in the connected mode, the energy spent waiting for additional data
arrival dominates (usually it is the time after transfer). This is the cost of
maintaining the required responsiveness to data arrival in the baseline Rel-15
framework. As illustrated in the Figure 6, by avoiding unnecessary control
channel monitoring, we can achieve savings in the device’s total consumed
energy.
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Energy consumption in mmW deployments

An important advantage of NR compared to LTE is that it allows
deployments over a wide frequency range — from below 1 GHz to over 50 GHz
(millimeter-wave, mmW) as noted from data in Table I. Using FR2 (over
7GHz) bands, the NR device can exchange data over a significantly wider
carrier bandwidth and achieve very low scheduling latencies, realizing the
promise of multi-Gbps data rates of 5G for eMBB devices. There are power
aspects that may pose challenges in FR2 compared to FR1:
) wider operating bandwidth and efficiency differences of radio
frequency circuitry,
° shorter slot times that raise the required number of decoding operations
per time unit,
) additional beam management measurements to maintain connectivity
between narrow transmission and reception beams of the base station and the
device.

Entagy prafile Time prafile

Figure 6. Typical eMBB device energy consumption profile over 24h

The instantaneous power associated with control channel monitoring
in FR2 bands is 75 per cent higher than in FR1. However, since the data
transmission can be completed much faster, the total energy consumed for
transmitting a data burst of a given size utilizing FR2 may become lower than
in FR1-only setups. A decisive aspect that affects the overall impact on energy
consumption by adding FR2 carriers is, therefore, the network’s ability to
dynamically activate the FR2 carrier only when it is needed for actual data
transmission, and to instruct the device to monitor the FR2 control channel
only when data may be present there. The short TDD latency achieved with
the proposed 5G frame structure with very short frame length enables short
UE initiated data transmission/reception times, such as <1.5ms, including
synchronization, scheduling signaling and actual data transmission with
acknowledgement. This is a significant improvement compared to LTE and it
enables devices to be in the energy-efficient sleep mode for most of the time,
consequently leading to very long battery life.
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Different proposed SW solutions like Connected-mode Wake-Up
Signal (WUS), Secondary cell dormancy, Device assistance for secondary cell
release and many others are on the way.

Power consumption (relative units)
Device power states and operations FR1 FR2
(below 7 GHz) (mm-Wave)

Deep sleep 1 1

Light sleep 20 20
Micro-sleep 45 45
PDCCH monitoring only 100 175
SSB measurements 100 175
CSI-RS measurements 100 175
PDCCH+PDSCH reception 300 350

Uplink transmission

(depends on TX power level) 250 - 700 350

Table 1. DEviCE POWER CONSUMPTION IN DIFFERENT OPERATIONS AND STATES
(Tr 38.840)

Conclusions

In this paper we have presented a brief overview of energy
consumption challenges in currently new 5G technology and networks, and
we concluded as follow:

5G technologies allow a hundred times more traffic to be carried,
without increasing the total energy consumption of the network. Early
deployments of 5G may lead to increases in energy efficiency if 5G is added
on top of an existing network without modernizing the underlying 2G/3G/4G
networks. 5G enables new functions and major performance improvements,
but it also puts tougher energy requirements on mobile devices. New
technologies are being deployed in Mobile network infrastructures and user
equipment’s to reduce power consumption. These include cloud and
virtualization technologies, new efficient antenna hardware, 5G small cell
network architectures and more efficient network protocols.

Vendors should continue to improve network configurations and
introduce more advanced mechanisms in upcoming product (HW and SW)
generations, using mechanisms available in the standard, based on both our
own network operation analysis and information from device partners.
Advances will also happen on the device front as device architectures and
implementations become more mature. The combined effect of advanced
network mechanisms and improved chipsets is expected to further enhance
NR device energy efficiency in FR1 and FR2 setups, as well as in FR1-only
configurations. We foresee that this can be achieved without compromising
traditional network performance KPIs such as throughput and latency.

Artificial Intelligence and Machine Learning solutions (AI/ML) will
further help to minimize network power consumption by shutting cells down
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in an intelligent way. Al-based optimization can learn from live network
traffic patterns to set up specific schemes for power saving groups for different
regions in different time zones. These schemes include optimized power-
saving trigger conditions. The solution makes the best use of energy while
minimizing any effects on quality of service.

The goal for 5G devices is the increase in battery life with:
0 At least three days for smartphones
0 Up to 15 years or more for cellular 10T devices
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|
Abstract

Constructivism learning theory recommends the act of allowing students
to create knowledge through their experiences. Very often, it is difficult to build
such an investigative framework within material science laboratory sessions that
assist students in acquiring the knowledge. This paper focuses on the use of
constructivism principles that was established by a constructionism process to
allow students acquire cognitive knowledge through manual calculation and
manipulation of measured data from a tensile testing experiment. Using a
conventional tensile laboratory testing, undergraduate material science students
succeeded in using their self-acquired skills to determine the toughness of the
plastics, the elastic modulus, yield stress and strains, and the ultimate stresses
from the measured graphs. The students were also able to describe the
deformation mechanisms involved even though the focus was not on the
accuracy of the results. This paper reinforces the need to involve constructivism
principles in material science teaching that enhances the learner’s knowledge
acquisition.
|
Keywords: Constructivism, Constructionism, Tensile Testing, Laboratory
Instruction, Plastics
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Introduction

This work looks into the interpretation of measured tensile test data
that gives students the chance to learn and visualize the resulting mechanical
properties of the plastics used. The modulus, toughness, yield, and ultimate
strengths of the selected plastics were determined. In the constructionism
approach, knowledge is shaped and constructed during the building of
problem-solving strategies and when the learner actively engages with the
construction of those strategies (Ackermann, 2001; Burr, 2015). The moral
during the self-directed learning of the learner is always enhanced if the
learner engages in the construction of the new knowledge (Talja, et al., 2005;
Charmaz, 2008). Currently, as most students study remotely, it is prudent to
constructively facilitate their learning and boost their self-efficacies (Abbas &
North, 2018; Feldon et al., 2018). Higher creative self-efficacies were
observed to be associated with the lower cognitive load during creative-
thinking tasks and that suggests that the reinforcement of students’ abilities
and pre-existing confidence may reduce the perceived difficulties of
performing tasks (Redifer et al., 2021). Hence, if the amount of information in
the working memory (Lee et al., 2007) are guided and facilitated, positive
motivation for learning can be achieved. The approach of this work is to allow
or facilitate the learning process of students by allowing them to generate the
meaning of the data without the use of computational methods.

Moreover, constructivism learning theory recommends the act of
allowing students to create knowledge through their experiences (Sjgberg,
2007; Bada & Olusegun, 2015). In addition, it helps them to actively engage
with the task without receiving it passively from the lecturer (Liu & Chen,
2010). The knowledge must constantly be reconstructed via personal
experiences through the development of students’ cognitive tools
(Ackermann, 2001). However, constructivist principles in both conventional
campus-based and distance education practices are minimal at our higher
education institutions and that may be linked to the difficulty in the
implementation (Tenenbaum et al., 2001).

Purpose of this Study

Major issues emerging from the literature review have recognized the
pedagogical needs for laboratory teachers to combine theory with practice and
provide deep learning laboratory experiences for students (Prabha, 2016). This
work seeks to implement constructivist principles that will allow students (i.e.,
on-campus and off-campus) to explore the evaluation processes of a
conventional tensile laboratory testing data (Davis, 2004). The idea is to build
a framework within the material science program (i.e., constructionism
principle) that will assist students to investigate, build, and acquire knowledge.
The approach will allow manual calculations and interpretations of the
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measured data to develop students’ cognitive skills and encourage knowledge
reinforcement.

Tensile Testing of Plastics

Mechanical properties of plastics are essential parameters used by
material engineers in their material selections (Meyers & Chawla 2008;
Dowling, 2012). Tensile testing is one of the important traditional material
testing technique that evaluates the strength and toughness of polymer
materials (Davis, 2004). The tensile testing is simply placing a specimen under
tension until failure. Tensile experiments have been used to train students
(McCormick, 1975; Gilmer & Williams, 1996) and clear guidance on the
procedure for testing of polymers have been given (Gilmer & Williams, 1996).

Plastics such as polyethylene (PE), low-density polyethylene (LDPE),
high-density polyethylene (HDPE), and polystyrene (PS) were carefully
selected due to their unique properties (Scheirs & Priddy, 2003). The HDPE
is more crystalline than LDPE and the PS is completely glassy. The structure
of the plastics affects their transition temperatures and this has a significant
influence on their applications (Boyer, 1963). The primary transition
temperatures are glassy transition (Tg) and the melting transition (Tm). A
plastic that exists below its Tq and Tn is rigid. For instance, an amorphous PS
has a Tg of around 105°C; hence, it exists as a rigid plastic at room temperature
(Rieger, 1996). Plastics that exist above their Tq’s but below Tr’s are generally
soft or rubbery at room temperatures. In our case, both LDPE and HDPE exist
above their Tg’s (i.e., between -78 to -110°C) (Stehling & Mandelkern, 1970;
Gaur & Wunderlich, 1980; Yang et al., 2016) but below their Tm’s (i.e., 115°C)
(Weeks, 1963).

However, most of the unique physical properties influence the
mechanical deformation behaviours when measured by a static tensile test
(Davis, 2004). Soft plastics are not stiff but they have long plastic deformation,
while rigid plastics have distinct elastic properties as depicted in Figure 1. The
elastic regime is the initial linear part of the stress-strain curve that describes
the plastics ability to resist any permanent change under load (Askeland &
Phulé, 2006).

Figure 1. Generalized stress-strain curve. The section between O and B is the elastic region
while point B and D are the yield and breaking points, respectively. Part C represents the
plastic deformation region.
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In uniaxial tension, most plastics exhibits yielding at the end of the
elastic limit before plastic deformation begins (Young & Lovell, 2011a). Most
soft and amorphous plastics yield as a result of necking and emerge with
different draw ratios (i.e., the length of a fully necked specimen divided by the
original length). Nevertheless, the yielding in semi-crystalline plastics are
associated with the uncoiling of the crystalline chains (Young & Lovell,
2011a). Glassy and brittle plastics yield as a result of shear band formation
and crazing (i.e., a localized form of plastic deformation that creates micro-
cracks) (Haward et al., 1971; Argon & Bessonov, 1977).

Experimental Method

The main goal was to perform a normal tensile testing experiment and
then allow students to construct the meaning of the data themselves by
performing manual data analysis. They were allowed to compare their results
with the literature data even though the focus was not on the accuracy of the
results.

To facilitate the constructionism process, the laboratory experiments
were performed by about hundred and forty (140) students from the
undergraduate material science program for two years and each laboratory
session involves ten (10) student-groups per semester. For ethical reasons,
consents from ten groups were sought and their results were used in this study.
Their measured data can be seen in section 7 under the appendix. All samples
were tested at room temperature. Dumbbell specimens bought from Modulus
and Matrix company polymers, United Kingdom, were prepared by injection
moulding. Thus, they are of different colours to allow visualization of the
changes in the physical appearances during the deformation. The
characteristics of the PE, LDPE, HDPE, and the PS plastics are shown under
the appendix. Under the appendix, the sample specimen geometry and test
routine have also been discussed.

An Instron tensile testing machine (Instron, 2020) was used. A force-
extension (i.e., in mm and kN) curves were recorded electronically by an
attached computer using a clamped length of ~120 mm (see specimen
dimensions in appendix). Cross-head speed for PS and HIPS (high impact
polystyrene) was selected to be 5 mm/min while 25 mm/min was chosen for
LDPE and HDPE specimens because Polyethylene elongates more than the
Polystyrene. The speeds were selected to allow complete visualization of the
deformation processes within the two-hour session.

Constructivism Data Evaluation Processes

To guide the construction of knowledge (Talja, et al., 2005; Charmaz,
2008), the following guidelines were given to lower the cognitive load and
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reduce the perceived difficulty of performing data analysis (Redifer et al.,
2021).

In Figure 1, the important parameters in stress-strain curves are the
elastic modulus (E), yield stress (oY) & strain (ey), ultimate stress (oy) & strain
(eu), and elongation at break (eb,). The oy, €y, ou, €u, and &, were obtained
directly from the measured graph but E was determined from the slope at the
linear part of the graph (Figure 1) and was related to the equation below.

Change in stress (MPa) Ao 100 (MP
= = —X
Change in Strain (unitless) Ae (MPa)

1)

The strain was expressed as a percentage. Hence, the equation was
multiplied by 100.

The tensile toughness (Ut) was evaluated using the area under the
stress-strain curves (MechaniCalc, 2020). The tensile toughness is the total
deformation energy per unit volume that the material can withstand before
failure (NDT Resource centre, 2020). Therefore, this is different from the
fracture toughness measured by an impact load (Seidler & Grellmann, 1995).
The toughnesses of the plastics were determined manually using the
Trapezium rule (Joyce, 1971; Yeh, 2002). This is an approximation method
that represents the definite integral of the region under the graph. The area
under the curves was divided into a regular number of partition spacing (n)
and each spacing (Ax) had values defined by the lower and upper limits of the
curves, a and b, shown in equation 2 below.

b—a
n

Ax =

(2)

For a graph having a function, y = f(x), with a partition spacing (AXx),
the Trapezium rule is given by (Maths24, 2020);

A
Area = 7x [fCen) + fCen) + 2(F () + F(x3) + fxg) + oo f(-1) )]
©)

Where f(x1), f(x2), f(X3)...... f(xn) are the functions of each partition
from 1, 2, 3 to n number of partitions. This can also be written as;

Ax
Area = 7[}’1 Y+ 20+ Y3+t )]
(4)
The unit for the toughness is MPa (or kJ/m?).
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Plastics that can undergo significant plastic deformation before the
break are tough and are mostly evaluated by the essential work of fracture
(Karger-Kocsis, 1996; Ching et al., 2000). Nonetheless, in the uniaxial tensile
testing, it is analyzed by calculating the area under the stress-strain curve
(Brostow, 2015). Brittle and glass polymers such as PS can be toughened by
adding a small amount of polybutadiene rubber chemically (Bucknall, 1977)
or through blending (Fowler, 1988). The rubber particles in the toughened PS
controls the crazing or shear yielding during deformation (Gilbert & Donald,
1986; Young & Lovell, 2011b).

Results

The following are the summary from the students’ reports. It is worthy
to mention that the focus was on the practical aspects that allows knowledge
acquisition during the data evaluation processes without relying too much on
the data accuracy.

Observation and Characterization of LDPE Measurement

At the initial stages, the specimens elongated steadily and extended
without necking nor crazing. Consequently, no colour change was observed
on the specimen surfaces. Before the failure, voids that looked like two
dimples appeared on the specimen surfaces within the gauge lengths (Figure
2a). Figure 2b provided evidence that there were no significant yielding before
the commencement of the deformation (i.e., the plastic deformation). An
elastic modulus of 0.19 GPa, the yield stress of 6.80 MPa, and a tensile
toughness of 6.90 MPa (see Table 1) were evaluated from the graph.

Tensile stress [MPa]

0 20 40 60 80 100 120
Strain [%]
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Figure 2. LDPE tensile test measurement. (a) Experimental observation during the test. The
image shows the appearance or formation of surface voids in the middle of the specimen
during the testing. (b) The corresponding stress-strain curve measured during the test.

Yielding in amorphous materials may be linked to the stretching,
rotation, sliding, and disentanglement of the chains during loading
deformation (Mouritz, 2012). The absence of a distinct yielding may suggest
that the chains were less entangled and were able to elongate from their relaxed
state.

Hence, the chain molecules elongated to a large extent and oriented
anisotropically along the load direction before failure (Hennig, 1967). This is
evident in the experimental observations such that there were no necking of
the specimen and the only rearrangement within the chains might have caused
the surface dimples during the deformation.

Observation and Characterization of HDPE Measurement

Initially, the specimens extended slowly but was necked within the
gauge lengths after about 240 mm extensions (Figure 3a). The cold drawings
or the neckings were characterized by narrow stem regions and moderate
colour changes within the gauge length as shown in Figure 3a. The extension
during the necking continued until a draw ratio of about 3.5 was reached after
which most specimens broke. After the fracture, elongated fibrous structures
were formed (see section 11 in appendix). In Figure 3b, there were distinct
yielding peaks before the large drop in stresses (i.e., roughly half of the yield
stresses) occurred due to the necking processes. For this semi-crystalline
polyethylene, an elastic modulus of 1.12 GPa, yield stress of 19.80 MPa, and
a tensile toughness of 20.50 MPa (see Table 1) were obtained.

3
o

8

o

5

Tensile stress [MPa)

2]

o
0 20 40 60 80 100120140160180200
Strain [%]
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Figure 3. HDPE tensile test measurement. (a) Experimental observation during the test.
Necking of the specimen began after 240 mm extension and the stem of the sample became
thinner during the cold drawing. (b) The corresponding stress-strain curve measured during

the test.

The distinct yielding peaks were due to the uncoiling of the folded
crystalline chains (Wada, 1971). It is an accepted truth that during the early
start of necking, the crystalline chains deform homogeneously and the
crystalline regions deform by combinations of slips, twinnings, etc. (Gaucher-
Miri & Séguéla, 1997). It was noted that stacked crystals, with folded
molecules, deform by slip and twinning until the crystals rupture and chains
were pulled out (Young & Lovell, 2011a). Under sufficiently high strains, the
crystal chains became aligned parallel to the stretched directions and fibrillar
structures formed before fracture.

Observation and Characterization of PS Measurement

For these amorphous and glassy specimens, the extensions lasted for
some few minutes and white lines developed nearly at 2.21 mm extensions
(Figure 4a). The white lines, perpendicular to the loading direction, appeared
to be clouded white lines and the specimen broke soon after that without
experiencing any cold drawing or necking. In Figure 4b, the measured stress-
strain curve confirmed the breaking of the specimens after short strain periods
(i.e., ~1.5 %). An evaluation of the stress-strain curve revealed an elastic
modulus of 2.60 GPa, the yield stress of 37.20 MPa, and a tensile toughness
of 0.30 MPa (see Table 1).

In uniaxial tension, the main reason for the whitening effects in PS
specimens is the formation of small cracks that causes the scattering of light
because of the different sizes of cracks and the void space created. The
formation of those small cracks and voids are termed crazings (Kambour,
1973; Argon & Salama, 1977). The crazing causes the materials to undergo
significant increases in volumes that emerge as small splits or cracks oriented
perpendicular to the tensile axis (Kinloch, 2013). In the crazing zones,
fractured polymer fibres with small voids like cracks existed and lead to
eventual failure.
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Figure 4. PS tensile test measurement. (a) Experimental observation during the test. Crazes
caused strong whitening of the specimens within the gauge length before fracture. (b) The
corresponding stress-strain curve measured during the test.

Observation and Characterization of HIPS Measurement

Immediately after the commencement of the test, the deep blue
specimens (Figure 5a) turned into distinct pale-blue, with associated white
lines, at the vicinity of the gauge ends. Later on, the distinct pale-blue were
visible on the entire gauge lengths. At the breaking point, the straight gauge
lengths of the specimens curled and small to large horizontal cracks were
observed. The corresponding stress-strain curve revealed a narrow yielding
peak having a yield stress of about 19 MPa and an appreciable plastic
deformation before the break (Figure 5b). An elastic modulus of 1.90 GPa, the
yield stress of 18.60 MPa, and a tensile toughness of 3.30 MPa were calculated
from the stress-strain curve (see Table 1).

For these toughened polystyrene specimens, the inclusion of the
rubbery phase caused the materials to undergo yieldings and plastically
deformations before fracturing (Donald & Kramer, 1982a). Under such
composite structures, the plastic deformations are often accompanied by
stress-whitenings and the necked regions become white in appearance during
deformations (Bucknall & Smith, 1965). Thus, these are due to the formation
of a large number of crazes around the rubber particles within the material
(Donald & Kramer, 1982b).
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Figure 5. HIPS tensile test measurement. (a) Experimental observation during the test.
Horizontal narrow cracks formed distinct whitening effects throughout the gauge length. (b)
The measured stress-strain curve shows a yielding peak and the plastic deformation region.

Constructivism Data Evaluation

At the end of the experiment, the students were tasked to manually
analyze the data after plotting the stress-strain graphs by using the guidance
discussed under constructivism data evaluation processes section above. To
allow the establishment of the constructivism learning principles, which is
difficult to implement (Tenenbaum et al., 2001), students were instructed to
perform the evaluations on their own and share the experiences during the data
analysis. For the toughness determination, they were supposed to vary the
partition spacing (Ax) and discuss the resulting data. The following were the
summary of what the student reported.

Determination of Elastic Modulus (E)

From equation (1), the E was calculated using the slope of the linear
region on the stress-strain curves. For example, from Figure 6, the slope of the
LPDE elastic region was analyzed as follows. The slope was evaluated as:

Ac/Ae = 1.94
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Figure 6. LDPE slope determination at the linear region. The average stress-strain curve
from the ten experimental measurements was used.

Tensile

Therefore,
E =194 x 100 (MPa)

E =194 (MPa) = 0.194 GPa

Hence, the E value for LDPE was 0.19 GPa. Other E values were
evaluated using the same procedure (see section 9 in appendix). The E values
for HDPE, PS and HIPS were obtained to be 1.12, 2.6 and 1.9 GPa,
respectively.

Estimation of Tensile Toughness (Ur)

Using equation 4, the area under the LPDE curve (Figure 7) was
estimated with a Ax of 0.097 since n was selected to be 10 while a =0 and b
=0.97 (i.e., value as decimal). Starting from 0 and a Ax 0f 0.097, x values were
generated to be x = 0, 0.097, 0.194, 0.291, 0.388, 0.485, 0.582, 0.679, 0.776,
0.873, and 0.97.

Figure 7 shows that the corresponding y values of x were picked from
the graph to be y = 0, 6.38, 6.98, 7.20, 7.51, 7.74, 7.87, 7.91, 7.90, 7, 84, and
7.63. Using equation 4, the area under the curve becomes;

Ax
Area = - [Vo + 21 + 2y, + 2y3 + 2y, + 2Y5 + 26 + 2y; + 2Yg + 29 + Yy ]

Inserting the y values gives;
0.097
Area = — [0+ 2(6.38) + 2(6.98) + 2(7.20) + 2(7.51)

+ 2(7.74) + 2(7.87) + 2(7.91) + 2(7.90) + 2(7.84)
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Figure 7. Determination of toughness under the LPDE tensile curve.

Hence, the toughness of LDPE was calculated to be 20.5 MPa. Using
a similar analytical procedure, the (Ut) values for HDPE, PS, and HIPS were
estimated to be 20.5, 0.3, and 3.3 MPa (see section 10 in appendix).

Summary of Measured Results and Comparisons

The following table summarizes the results obtained from the students.
As shown below, the students compared the deformation behaviour between
LDPE and HDPE as well as PS and HIPS. Finally, in their discussions, they
compared their measured data with the literature (see section 14 in appendix).

Comparison between LDPE and HDPE

The HDPE is much stiffer and tougher than the LDPE because it had
a higher yield and ultimate stress as well as greater tensile toughness. A
material that has a higher degree of crystallinity would theoretically have a
higher Elastic Modulus as the crystalline regions increase the sample stiffness
by restricting the molecular motion (Humbert et al., 2011). Hence, HDPE is
stiffer (E = 1.12 GPa) than LDPE (E = 0.19 GPa) as shown in Table 1. The
much higher yield stress of HDPE is as the result of the reinforcement ushered
by the crystalline regions that prevented the molecular chains from yielding
too easily (Wada, 1971). It is accepted that the crystalline chains must uncoil
and stretch before breaking. The necking (Gaucher-Miri & Séguéla, 1997) of
the HDPE significantly increased the area under the curve and that promoted
the increase in the toughness value.
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Comparison between PS and HIPS

The inclusion of the rubbery phases within the PS domain allowed the
brittle PS (Figure 4b) plastic to yield and deform plastically (Figure 5b).
Naturally, the microstructure of PS is such that the chains are frozen in high
energy conformations, since the plastic is below its Tq (i.e. ~105°C) (Rieger,
1996). Therefore, this results in promoting a restrictive movement of chains
while raising the energy needed to break the material. Furthermore, the rubber
particles within the HIPS lowered the elastic modulus and the yield stress (see
Table 1).

Interestingly, the presence of the rubber particles in HIPS controls the
crazing mechanisms within the PS domain. These led to stress concentrations
at the equators of the particles during the mechanical deformation similar to
the stress concentration found around holes and notches (Young & Lovell,
2011b). The stress concentrations may lead to shear yielding or crazing around
every rubber particle and hence throughout the large volume of the material
rather than just at the crack tip. Hence, the polymer adsorbs a large amount of

energy during the deformation.
Table 1. Mechanical properties obtained after the experiment

Parameter Tensile Yield Yield Ultimate Ultimate | Tensile

S modulus, stress, strain, stress, strain, Toughn

E (GPa) oy (MPa) ey (%) ou (MPa) eu (%) ess Ut

(MPa)
LDPE 0.19 6.80 14.00 7.90 69.90 6.90
HDPE 1.12 19.80 10.50 19.80 10.50 20.50
PS 2.60 37.20 1.40 37.20 1.40 0.30
HIPS 1.90 18.60 1.03 18.60 1.03 3.30

Constructed Knowledge

The approach of employing the constructivism principle in the data
evaluation process enhanced the students’ cognitive learning, and they
demonstrated a clear understanding of the topic in their reports. During oral
discussions, students gave positive feedback about the process and pointed out
that they tried so many ways to get the partition spacing as accurate as
possible. After many attempts, they developed the concepts and were able to
get the work done. Thus, they built skills through active mental work and not
by receiving it passively from the instructor (Sjgberg, 2007). The students also
observed that even though it was not easy to find the slopes of the elastic linear
regions, they learned from the experiences. They would not have acquired
those experiences if they employ a computational analytical methods. Their
difficulties stem from the determination of the real linear regions. The
acquired skills enabled them to overcome other difficulties, thereby improving
their confidence. This is in line with the constructivist teaching approach that
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instructs instructors to activate the cognitive thinking process by setting
explorable and supportive tasks in their sessions (Ackermann, 2001).

The outcome of this study is comparable to previous studies (Kim et
al., 1999; Kim et al., 1999; Neo & Neo, 2009) where constructivism principles
were used to improve students’ learning. First of all, the constructivism
principle was used to increase students’ reading comprehension. This
indicated that the implemented strategies increased the students’ reading
comprehension effectively compared to the conventional method (Yussof,
2012). Secondly, a new general science curriculum which reflects a
constructivist view was introduced into the curriculum and that promoted a
positive classroom learning environment (Kim et al., 1999). Finally, students’
perceptions while working on a multimedia project in a constructivist-based
learning environment were investigated (Neo & Neo, 2009). Also, it was
reported that the students showed positive attitudes towards the project in their
learning, motivation, understanding, skills, and their teamwork abilities.

Conclusion

This paper demonstrates the act of allowing students to acquire
cognitive knowledge through the use of constructivism principles built up by
constructionism process. Students were tasked to perform manual data
analysis after a tensile testing laboratory session and that allowed them to
construct analytical skills. The students were able to apply the knowledge
acquired in their work to solve other problems. They succeeded in learning
simple ways of approximating the toughness of the plastics using the
Trapezium rule in the determination of the area under the stress-strain curves,
thus improving their constructive learning processes. The students also
managed to evaluate the elastic modulus, yield stress and strains, and the
ultimate stresses from the measured graphs. Furthermore, the students
managed to describe the deformation mechanisms behind each selected
plastic. Therefore, this paper reinforces the need to involve the constructivism
principles in our teaching that will enhance the learner’s knowledge
construction.
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Appendix

This part of the paper describes in detail the sample geometry,
individual measured results, procedures in the determination of mechanical
parameters, the morphology of specimens, possible sources of errors,
associated health and safety precaution, and examples of student’s reports
(snapshots).

Samples

Dumbbell specimens bought from Modulus and Matrix company
polymers were prepared by injection molding with different colours to allow
visualization of the changes in physical appearances during the deformation.

The characteristics of the polymers can be found in the table below.
Table 1. Characteristics of polymers used

Polymer Density (g Ty Colour Molecular weight,
cm™) (°C) Mw (kg/mol) T
LDPE 0.92 -110 Yellow > 25
HDPE 0.95 -110 Red > 25
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PS 1.05 105 Colourless > 10
HIPS 1.03 100 Blue > 10
T data provided by the specimen manufacturer (source: Modulus and Matrix company,
United Kingdom)

Specimen Dimensions

Rectangular Dumbbell specimens of each polymer were bought from
Modulus and Matrix company, United Kingdom (Modulus & Matrix. 2020).
It has a thickness of about 4 mm and a gauge length of ~ 80 mm was used.
The dimensions of the specimens used can be seen below.

10 mmI l_\—/—| !20 mm

N

R

——
80 mm 34 mm

185 mm

Figure 1. Dimensions of the rectangular dumbbell specimens.

Tensile Test Machine

The samples were tested by an Instron Tensile Testing Machine
(Instron, 2020). The test machine comprises of a lower and upper clamp which
are fixed and movable vertically by a cross-head attached. The force generated
in the sample is measured via an accurately calibrated load cell positioned in
the moving cross head.

Test Routine and Initial Measurements

Pre-laboratory discussions on the safety and test procedures were made
before the start of the experiments. Students were allowed to interact among
themselves and develop plans for the measurements. The students were then
asked to relate the flexibility or the stiffness to the plastic’s microstructures
and their mechanical properties. One important question was whether a plastic
with a greater yield strength can display greater elongation properties. Finally,
they were tasked to relate the polymer’s microstructure to the fracture surfaces
and predict what the surface might look like before the start of the experiment.

The calibrated tensile test machine stretched the specimens with forces
in kN and the corresponding extensions was recorded until it failed. The force
units and the associated extensions were converted, electronically, into Mega-
Pascals (MPa) and strains (%), respectively. To aid the conversion from kN to
MPa (i.e., MNm-2), the students measured the cross-sectional area (A) of the
specimens, as displayed in Table 2, and inserted into the computer program.
A was calculated by using the average cross-sectional lengths (Lc) and widths
(Wc) of three specimens (S) measured individually by a digital thickness
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gauge. Table 2 shows how the areas were calculated. The stress (in MPa) was
then force (kN) divided by A (m?). Strain = (Lo - L)/L x 100%. Where L is the
original length (i.e., clamped length of ~120 mm) and L is the new extended

length.
Table 2. Cross-sectional area calculation

S Length | Length | Length | Average | Width | Width | Width | Average | A*

0] 0] 0] length (w) (w) (w) width | (mm?)
mm Mm mm (Le) mm mm mm (W)
LDPE | 3.93 3.93 3.93 3.93 9.64 | 9.65 | 9.65 9.65 37.92
HDPE | 3.96 4.02 3.99 3.99 9.66 | 9.64 | 9.65 9.65 38.50
PS 4.09 4.06 4.08 4.08 10.32 | 10.26 | 10.28 | 10.29 | 41.94
HIPS | 4.09 4.13 4.11 4.11 9.87 | 9.87 | 9.87 9.87 40.57
* A= Lo X W,

Apparatus Needed for the Laboratory Class

The equipment needed for the two-hour session is;

e A universal tensile testing machine that is capable of testing materials
within ranges of 0.02 N to 50 kN.

e A computer attached to the tensile testing machine for uploading the
measurement data.

e Three dumbbell specimens from LDPE, HDPE, PS, and HIPS.

o A digital thickness gauge.

Test Protocol
The following protocol was followed.

(a) Measure the dimensions of each dumbbell specimen and calculate the
cross-sectional area of the samples. Insert the calculated area into the
machine program.

(b) Carry out tensile tests on each polymer and obtain force-extension curves.
During each tensile test, observe the deformation of the specimen. Note;
I.  Any change in the appearance of the material up to fracture.

ii.  Whether the specimen is fractured between the clamps, at the edge or
within the clamps.

iii.  Whether or not the specimen formed a neck and underwent cold
drawing.

(c) Convert the force-extension data into stress-strain curves in MPa and %.
Then plot a stress-strain curve in each polymer. Note: the conversion was
done electronically in this work.

(d) Analyze each curve, tabulate your final results, and calculate the
following:

I.  Tensile modulus, E (GPa)
il.  Yield stress, oy (MPa)
iii.  Yield strain, ¢y (%)
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iv. Ultimate stress, o, (MPa)
v. Ultimate strain, &, (%)
vi. Toughness (MPa)
(e) Using concepts from the literature and lecture notes, explain the
difference in the results obtained from;
i. LDPE and HDPE
ii. PSandHIPS
() Compare your tensile properties with those reported in the literature and

describe how you may improve the accuracy of the toughness
calculations.

Plots of Measured Data after Ten Measurements

The following are the individual plots from ten measurement groups.
The averages of these plots were used in the main paper.

LDPE 20+
| Exp1
Exp2
- 15 Exp3 |
Ef Expd
= 1 Exp5
e 1 ExpB
§ 10+ ExpT |
= | e e, Exp8
7 ez
Exp9
% 54 /7 Exp10 1
5 iy
(= |
04/
-5 T T T v
0 20 40 60 80 100 120
Strain [%]

Figure 2. Plots of LDPE’s stress-strain curves obtained after ten (10) experiments.

HDPE 251
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Figure 3. Plots of HDPE’s stress-strain curves obtained after ten (10) experiments.
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Figure 4. Plots of PS’s stress-strain curves obtained after ten (10) experiments
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Figure 5. Plots of HIPS’s stress-strain curves obtained after ten (10) experiments.

Results Overview
An average of ten (10) experimental results from ten students groups
were calculated and plotted as shown in Figure 6. From the graph, the PS
looked very rigid and breaks at stress close to the yield point, while the HIPS
yielded and elongated to an appreciable length. There was a clear distinction
between the LDPE and HDPE even though both plastics elongated before
breaking. There was a pronounced yielding for the HDPE than the LDPE.
4Di
354 [« P8

] - HPS | |
307 « LDPE | 1
261 HDPE

Tensile stress [MPa]

Strain [%]

Figure 6. Overview of results from all specimens tested. This is an average plot from each
plastic material after ten (10) experimental measurements were selected from measured
experimental results. See individual plots above.
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Determination of Elastic Modulus (E)

Using equation (1) and the same procedure described within the main
paper, the following E values were calculated.

HDPE
From Figure 7,
Ao 11.17
Ae
HDPE 1

= == « Linear Fit of Sheet1 B
& |
=
g y=11.17x-0.12
_112 R?=0.98
&

oD = M W s o O N @

0 02 04 06 08 10
Strain [%]

Figure 7. HDPE slope determination at the linear region. The average stress-strain curve
from the ten experimental measurements was used.

Hence,
E (Pa) = 11.17 X 100 (MPa)
E (Pa) = 1117 (MPa)
E (Pa) = 1.12 (GPa)

Therefore, the E value for HDPE was 1.12 GPa.

PS
From Figure 8,
89 _ 2597
Ae '
40 C T
35 /= = Linear Fit of Sheet1 B
%“ 30 ¢
» 257 ,' y =2597x + 0.97
£ 20 4
215 /
E. 10 /
54 4
U L
5

00 05 10 15 20 25 3.0 35 4.0
Strain [%]

Figure 8. PS slope determination at the linear region. The average stress-strain curve from
the ten experimental measurements was used
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Hence,
E (Pa) = 25.97 x 100 (MPa)
E (Pa) = 2597 (MPa)
E (Pa) = 2.6 (GPa)
Therefore, the E value for PS was 2.60 GPa.

HIPS

From Figure 9,

A9 _ 1ge8

As
Hence,

E =18.88x 100 (MPa)
E = 1888 (MPa)
E =19 (GPa)

Therefore, the E value for HIPS was 1.90 GPa.

307 .

——HIPS
= Linear fit |

M
o

[
(=]

y = 18.88x + 0.25

Tensile stress [MPa]
o

-
=]

2, G

.0 0.5 1.0 15 2.0 2.5
Strain [%]

Figure 9. HIPS slope determination at the linear region. The average stress-strain curve
from the ten experimental measurements was used.

Determination of Toughness
Similar to the procedures within the main paper, the Trapezium rule
was used as follows;

Ax
Area = 7[}’1 + Y+ 22t y3 Hys oyl

HDPE

In Figure 10 below, the toughness of HDPE plastic was estimated
using Ax = 0.072 because n was selected to be 25 whilea=0and b =1.8 (i.e.,
value as decimal).
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Figure 10. Determination of toughness under the HPDE tensile curve

5
0

Starting from 0 and a Ax of 0.072, x values were generated and the
corresponding y values of x were picked from the curve in Figure 10 (see Table
3 below). In Table 3, the required coefficients were multiplied and the
resulting values were summed as in the Trapezium formula (i.e., summation

of y1, 2y2, 2y3,........ Yn).
Table 3. Estimation of HDPE toughness
X Y Coefficient (c) Product =c¢ xy
0 0 1 0
0.072 19.75 2 39.5
0.144 19.14 2 38.28
0.216 16.89 2 33.78
0.288 12.04 2 24.08
0.36 10.92 2 21.84
0.432 10.71 2 21.42
0.504 10.86 2 21.72
0.576 10.93 2 21.86
0.648 10.98 2 21.96
0.72 10.98 2 21.96
0.792 11.00 2 22.00
0.864 11.00 2 22.00
0.936 11.03 2 22.06
1.008 11.03 2 22.06
1.08 10.73 2 21.46
1.152 10.78 2 21.56
1.224 10.57 2 21.14
1.296 10.44 2 20.88
1.368 10.78 2 21.56
1.44 10.96 2 21.92
1.512 10.2 2 20.40
1.584 10.05 2 20.10
1.656 9.07 2 18.14
1.728 9.16 2 18.32
1.8 8.43 1 8.43
Sum 568.43

The area is then given by;
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0.072
Area = —— [568.43]

Area = 20.5 MPa

Hence, the toughness of HDPE was 20.5 MPa.

PS
In Figure 11 below, the toughness of PS plastic was estimated using
Ax = 0.00149 because n was selected to be 10 while a=0and b =0.0149 (i.e.,
value as decimal).

Tensie stress [MPa]

.0 0.5 1.0 1.5 2.0 25
Strain [%)]

Figure 11. Determination of toughness under the PS tensile curve

Starting from 0 and a Ax of 0.00149, x values were generated and the
corresponding y values of x were picked from the curve in Figure 11 (see Table

4 below). The procedure above was followed.
Table 4. Estimation of PS toughness

X Y Coefficient (c) Product =c¢ xy
0 0 1 0
0.00149 4.55 2 9.10
0.00298 8.56 2 17.12
0.00447 12.7 2 25.40
0.00596 16.71 2 33.42
0.00745 20.63 2 41.26
0.00894 24.45 2 48.90
0.01043 28.21 2 56.42
0.01192 31.81 2 63.62
0.01341 35.4 2 70.80
0.0149 35.95 1 35.95
Sum 401.99

The area is then given by;

0.00149
Area = — [401.99]

Area = 0.3 MPa

Hence, the toughness of PS was 0.3 MPa.
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In Figure 12 below, the toughness of HIPS plastic was estimated using
Ax =0.012 because n was selected to be 20 whilea=0and b =0.24 (i.e., value

as decimal).

Figure 12. Determination of toughness under the HIPS tensile curve

25

20

Tansila strass [MPa]

wm
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) B O P
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25

Starting from 0 and a Ax of 0.012, x values were generated and the
corresponding y values of x were picked from the curve in Figure 12 (see Table

5 below). The previous procedure was followed.
Table 5. Estimation of HIPS toughness

X y Coefficient (c) Product =c¢ xy
0 0 1 0
0.012 | 18.45 2 36.90
0.024 | 14.50 2 29.00
0.036 | 14.18 2 28.36
0.048 | 14.02 2 28.04
0.060 | 13.95 2 27.90
0.072 | 13.90 2 27.80
0.084 | 13.88 2 27.76
0.096 | 13.88 2 27.76
0.108 | 13.88 2 27.76
0.120 | 13.88 2 27.76
0.132 | 13.88 2 27.76
0.144 | 13.90 2 27.80
0.156 | 13.94 2 27.88
0.168 | 13.98 2 27.96
0.180 | 14.04 2 28.08
0.192 | 13.98 2 27.96
0.204 | 13.98 2 27.96
0.216 | 13.80 2 27.60
0.228 | 13.80 2 27.60
0.240 | 13.59 1 13.59
Sum 553.23

The area is then given by;
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Hence, the toughness of HIPS was 3.3 MPa.

Specimen Morphological Details
The following images show details of the specimens captured by the
students during and after the tensile deformation.

Figure 13. Details of the specimens during and after the tensile test. The LDPE had two
visible surface voids during the plastic deformation. The ends of the HDPE transformed into
fibrous structures after the fracture. The PS developed perpendicular crack zones (i.e.,
crazing zones) during the fracture and the HIPS had crazing zones plus large deformations
before cracking.

Possible Sources of Errors

It is worthy to mention that the specimen’s cross-sectional areas and
their measured stress-strain curves must not be averaged if the focus is on
result accuracy. Moreover, there may be several sources of errors that must be
considered. Fluctuations in the individual graphs may be due to internal
crazing or necking at the grip section of the test specimen. Unintended surface
flaws (Murakami & Nemat-Nasser, 1983), as a result of manufacturing or
specimen handling faults, may results to initial cracks and might lower the
expected mechanical properties. Human errors might occur during the reading
of values from the stress-strain curves. There might also be instrumental errors
during the calculation of the specimen’s cross-sectional area due to possible
errors from the digital thickness gauge. Furthermore, errors might also occur
during the conversion of units and, most importantly, during the extension
conversion to strain values. In those cases, the use of an extensometer (Jia et
al., 2012) is recommended for data accuracy.

Hazard and Safety Precautions
The following health and safety precautions must be followed:
o Safety glasses and lab coats MUST be worn at all times in the
laboratory.
e Students must stand, at least, two (2) meters away from the tensile
testing machine during measurements.
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o Eating, drinking, and smoking are NOT PERMITTED in the

laboratory.
o Walkways between benches should be kept clean and free from

obstruction.

Samples of Student’s Reports
Anonymous snapshots of selected student’s reports.

1.2 LDPE Test

The LDPE test differ=d mainly from the HOPE sample in that no nzcking occurred, and strain was
instead distributed into a uniform deformation across the sample. Crazing could be observed, with
stress whitening and dimples forming in the surface of the sample as with HDPE. After failure at
113.1mm, elastic recovery was observed against the uniaxizl extension,

LDPE Stress Strain Curve, Uniaxial Tension, 25mm/min

Student 1
+ LDPE:
o E=(140-1860) x 10* Nm™2 [1]
o 0, =(02-11L9) x 10 Nm== [1]
o & =19% (3)
o 6,=(5—-26)x10°Nm™? [1]
o & =(20—40)% [1]
o Toughness = 6.06 x 10° Nm~2 [3]

The experimental value of Young s Modulus is lower than its theorefical
value. The wield and ultimate stresses are within their respective range of
theoretical values. The experimental vield strain has a value that is close to
its theoretical value. The experimental Ultimate Stram 1s much larger than
its theoretical predictions. this discrepancy in value might be due to the
experimental value experiencing more plastic deformation before fracture
than what was written down in theory. The experimental toughness is also
mwch larger than what is written down in the research journal. despite their

Student 1
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are much thir

HIPS = The sample started developing white lines i it when tensile stress was
applied to it. The stress whitening occurred due to the formation of a large
mumber of crazes around the mbber particles in the matenial. The white lines

dually appeared more freq v and covered the sample as it was stretched
even more. The sample did not experience necking before its fracture and
seemed to elongate uniformly. The sample fractured in the middle, between
the two clamps.

Image 4 Clear PS sample. The image on the Bagirming of the formation of crazing lings. The linas

in the image on the lgft compar the image on the right. The image on the right shows a

Broken sample with much more obvieus fines.

PS5 = Polystyrene samples barely elongated before the fracture of the sample,
which can be seen from its graph below, that indicates polystyrene having a
brittle fracture. During the test, white lines started appearing in the sample,
tuning the sample cloudy. due te crazing. which occurs on amorphous
materials that are in their glassy states. The sample fractured between the
clamps in the middle of the sample. The sample did not experience necking or
cold drawing as it is a brittle material.

Student 2

yield

stress{MPa)
HDPE 152-42.1
LDPE B.48-262
PS5 340-550
HIFS 20-28

literature.

5. Compare of experimental values and literature.

Values from literature

ultimate ultimate foung's
yield strain stress(pPa)  strain modulus(Gpa)
600-130% 11.7-440 7.00-2000% 0.650-2.07
11.0 - 640% 103 - 18.0 100 - B50% 0.180 - 0.520
100-350% 350-590 100-350% 225-471

1 205 32 10-55% 18-228

The materials have different properties with different thermal and deform histories.
The type and histories of specimen can not be known, so that the value from
literature can not be same as the value got from experiment. The young's modulus
of specimen are not in the range of the value from literature. HIPS specimen perform
very different with data from literature, this might because the type of HIPS in
literature is not the same as specimen. The others are all in the range of data from
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5. Compare of experimental values and literature.

Values from literature

yield ultimate ultimate Young's

stress{MPa) yield strain stress(MPa)  strain modulus(Gpa)

HDPE 152 -42.1 800-130% 117-440 7.00-2000% 0.850-207

LDPE B48-262  110-840%  10.3-180  100-B850% 0.190 - 0.520
PS 340-560  10D-350% 350-500  100-350% 235-4.71
HIPS 2028 120% 3z 10-55% 18228

The materials have different properties with different thermal and deform histories.
The type and histories of specimen can not be known, so that the value from
literature can not be same as the value got from experiment. The young's modulus
of specimen are not in the range of the value from literature. HIPS specimen perform
very different with data from literature, this might because the type of HIPS in
literature is not the same as specimen. The others are all in the range of data from
literature.

6. Difference explaining

PS and HOPE: The elongation of HDPE can be 5 times its original length and PS has very
small elongation, this is because HDPE is above its T and PS is below its T; which means
HDPE is more viscoelastic than PS so that HDPE is rubber-like at room T and P5 is glassy. The
plot of PS shows brittle behavior and have Young's modulus higher than HDPE, but
toughness is much smaller than that of HDPE. The reason of that is HDPE absorb more

energy before broken, due to its large range of plastic deformation.

PS and HIPS: The elongation of HIPS is significant larger than PS, this is because rubber
particles in HIPS can increasing G, without reducing too much modulus of polymer so that
HIP5 can absorb much maore energy than PS before broken. Rubber particles can initiate local
plastic deformation around them which give more plastic zones in crack region rather than

few plastic zones in PS. High level of crazing are controlled in HIPS.
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|
Résume

Cet article tente de caractériser les ménages agricoles pauvres dans le
Delta du fleuve Sénéegal apres la crise alimentaire de 2008, durant laquelle les
politiques publiques ont réalisé des aménagements hydroagricoles pour lutter
contre la pauvreté et I’insécurité alimentaire. 1l s’appuie sur des enquétes de
terrain aupreés des producteurs. Les résultats montrent une forte inégalité entre
les cultivateurs en termes de capital foncier et de surfaces cultivées. Aussi les
ménages les plus pauvres sont-ils ceux qui n’emblavent pas assez de superficies,
qui ne cultivent qu’en contre-saison chaude et, par conséquent, ne gagnent pas
assez de revenus agricoles pour améliorer leur condition de vie.
|
Mots Clés : Pauvreté, Foncier Irrigué, Delta Du Fleuve Sénégal, Partenariat
Public-Privé

www.eujournal.org 360



http://www.eujournal.org/
https://doi.org/10.19044/esj.2021.v17n3p1
https://doi.org/10.19044/esj.2021.v17n3p360

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2021 edition Vol.17, No.3

Land Access And Poverty Profile In The Senegal River Delta
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Université Gaston Berger de Saint-Louis
Karalan Sy
Université du Sine Saloum El Hadj Ibrahima Niass
Sidy Mohamed Seck
Université Gaston Berger de Saint-Louis

|
Abstract

This paper attempts to characterise poor farming households in the
Senegal River Delta after the 2008 food crisis, during which public policies
implemented hydro-agricultural developments to combat poverty and food
insecurity. It is based on field surveys of producers. The results show a strong
inequality between farmers in terms of land capital and cultivated areas. As a
result, the poorest households are those that do not cultivate enough land, only
cultivate in the off-season and therefore do not earn enough agricultural income
to improve their living conditions.
|
Keyword: Poverty, Irrigated Land, Senegal River Delta, Public-Private
Partnership

Introduction

L’acces au foncier pour toutes les catégories sociales a été au cceur de
la mise en valeur du Delta comme tout le reste de la Vallée du fleuve Sénégal.
L’option des politiques publiques de développer I’irrigation dans les
années 1970 et 1980 a permis de passer d’un systéme agricole traditionnel de
décrue a une agriculture irriguée avec une maitrise compléte de I’eau. La
gestion des périmetres a modifié I’organisation sociale de la production. Elle
a surtout permis de réduire les inégalités sociales d’acces a la terre dans la
région. En effet, I’attribution des parcelles a remis en question des droits
fonciers coutumiers (droit de maitre des terres, et droits de culture) exercés par
certains clans nobles au détriment des familles de dépendants (captifs,
descendants de captifs, affranchis, clients, etc.). Ainsi, «les différentes
catégories sociales... se sont ainsi retrouvées pour cultiver les périmetres
irrigués cote a cote sur un pied d’inégalité, avec les mémes droits et les mémes
obligations » (Boutillier, 1989 : 477).

Dans les années 1990 et au début des années 2000, I’acceés a la terre ne
sera plus conditionné par la classe sociale mais plutét par la situation
économique des producteurs. La libéralisation des années 1990 a entrainé
I’émergence des Périmetres Irrigués Privés (PIP) qui vont permettre aux
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producteurs les plus riches et/ou les plus influents de disposer d’importantes
superficies (Bélieres et Touré, 1999 ; Seck, 2009). Le Roy (2006) a étudié les
inégalités entre agriculteurs familiaux en mettant en corrélation superficie
cultivée et revenu. Il constate que les ménages possédant de faibles surfaces
agricoles ne gagnent pas assez pour s’affranchir de la pauvreté alors que les
revenus agricoles se concentrent entre les mains de quelques agriculteurs qui
détiennent les plus grandes surfaces cultivables. Parallelement au
développement des PIP, I’Etat va encourager I’implantation d’agro-industries
(Sy, 2014) dans le Delta du Sénégal. Ces entreprises d’agrobusiness qui
produisent sur de vastes périmétres vont participer a la réduction de I’accés au
foncier irrigué aux exploitants familiaux les plus démunis (Bourgoin et al.,
2016 ; Soullier et al., 2019).

Apreés la crise alimentaire de 2008, des projets batis autour du Partenariat
Public-Privé (PPP) ont réalisé de nouveaux amenagements hydroagricoles
dans le Delta du Sénégal. Il s’agit notamment du Programme de
Développement des Marchés Agricoles du Sénégal (PDMAS) et du Projet de
Promotion du Partenariat Rizicole dans le Delta (3PRD) (SAED, 2009, Drieu
et al., 2011). Chaque projet a aménagé 2 500 ha aux profits de différentes
catégories de producteurs choisis aprés un processus de sélection rigoureux.
L’objectif de cet article est de dégager un profil des ménages agricoles pauvres
dans le Delta du Sénégal en analysant et discutant les relations entre la
pauvreté, I’acces a la terre et les revenus agricoles quelques années apres la
fin de ces deux projets. L hypothése qui sous-tend cette étude est que malgré
le Partenariat Public-Privé, la majorité des ménages continue de produire sur
de petites superficies et ne parvient toujours pas a gagner assez de revenus
agricoles pour améliorer leur niveau de vie.

Matériels Et Méthodes

L’étude a été menée dans le Delta-central et le Bas Delta
correspondant aux communes de Diama et de Ross Béthio. Le choix de ces
communes s’explique par le fait qu’elles ont bénéficié de toutes les
générations d’aménagements hydroagricoles réalisés dans le Delta. La
sélection des localités enquétées répond a plusieurs critéres dont la position
géographique par rapport aux terroirs et aux superficies irriguées, I’ethnie de
la population et son poids démographique (figure 1). Au total, 326 ménages
répartis dans 20 localités ont été enquétés entre aodt et septembre 2019. Dans
chaque village, un tirage aléatoire simple a été fait sur un échantillon stratifié
et tenant compte du nombre de ménages. Cette enquéte a ciblé les exploitations
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familiales® (EXFAM) qui pratiquent I’agriculture irriguée dans le Delta du
Sénégal.
Figure 1. Situation des localités enquétées dans le delta du fleuve Sénégal

Source: auteurs

Les données recueillies ont été traitées avec le logiciel d’analyse
statistique Statistical Package for the Social Sciences (SPSS). Cela a permis
de faire une description des parcelles recensées. Pour approfondir notre étude
sur I’acces au foncier, nous avons cherché a comprendre deux aspects de la
propriété fonciére : le canal d’acces a chaque parcelle et la distribution des
catégories dimensionnelles des parcelles dans I’échantillon étudié. Pour
faciliter I’analyse trois classes ont été retenues : la classe « petite parcelle »
regroupe les champs de moins de 5ha; la classe « moyenne parcelle » :
concentre les exploitations comprises entre 5 et 20 ha; la classe «grande
parcelle » contient les unités de production agricole supérieure a 20 ha. Afin
d’établir un profil des ménages pauvres dans la zone étudiée a partir de leur
patrimoine foncier, de leur niveau de vie et leur activité agricole, nous avons
eu recours a une Classification Hiérarchique Ascendante (CAH). Cette
derniére est une méthode statistique qui permet de regrouper en différentes
classes les ménages présentant une certaine similitude. Ainsi, sept variables
quantitatives ont été sélectionnées pour faire cette analyse typologique : «le
nombre des membres du ménage », « la marge (bénéfice) réalisée toutes les
trois saisons (FCFA) », « la marge réalisée durant la contre-saison chaude
(FCFA) », «la superficie cultivée lors des trois saisons (ha) », « la superficie
cultivee lors de la contre-saison chaude (ha) », « les dépenses moyennes par
mois (FCFA) des ménages » et «le taux de pauvreté» calculé a partir de
I’indice de probabilité de pauvreté (PPI) apres I’administration du
questionnaire aux ménages (voir IPA, 2018). La méthode de Ward a été

! En fait, la loi d’orientation agro-sylvo-pastorale (LOASP) ne distingue que deux types
d’exploitation agricole au Sénégal : I’exploitation agricole familiale qui représente environ
90 % des formes d’exploitation et I’agro-business/agriculture industrielle qui peut appartenir
a des investisseurs nationaux comme internationaux (République du Sénégal, 2004 ; 2014).
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choisie comme technique d’agrégation et le carré de la distance Euclidienne
comme intervalle. Les données ont été par la suite transformées en valeur a
travers la standardisation par valeurs centrées réduites.

Résultats
De la MAS a I’avénement du Partenariat Public-Privé ; un front irrigué
en progression

La carte ci-dessous résume I’évolution des superficies aménagées dans

notre zone d’étude depuis 1965 a nos jours (figure 2).
Figure 2. Progression et répartition des aménagements hydroagricoles dans I’espace

i

S s
i e

> auteurs

e
Source

Hormis les périmétres occupés par les agro-industries, on peut relever
quatre générations d’aménagements hydroagricoles réalisés
progressivement. La Mission d’Amenagement du Sénégal (MAS) a mis en
place les premiers grands aménagements hydroagricoles dans les années 1950,
avec notamment un casier de 6400 ha a Richard-Toll (Béliéres et Touré,
1999 ; Seck, 2009). Mais c’est surtout apres les indépendances que le front
irrigué a pris plus d’ampleur dans le Delta du fleuve Sénégal.

Les années 1960-1970 sont marquées par la création de plusieurs
aménagements en submersion contrdlée a Savoigne, Boundoum, Kassack Sud,
Tiagar et Grande Digue Tellel. A partir de 1972 ces derniers ont
progressivement été transformés en aménagement avec une maitrise compléte
de I’eau. Les aménagements de 1979-1999 constituent un tournant dans la
progression du front irrigué. En effet, une nouvelle génération
d’aménagements hydroagricoles va étre mise en place dans le Delta du fleuve
Sénégal a partir de 1990 : les Périmetres Irrigués Privés (PIP). Ces derniers
sont élaborés sans mobilisation des ressources de I’Etat par des individus ou
des groupes et sont destinés a la production vivriére (Seck, 2009). Leur essor
est favorisé par la création de la Caisse Nationale de Crédit Agricole du
Sénégal (CNCAS), I’'assouplissement de la Iégislation sur les coopératives en
1984, et I’édification du barrage anti-sel de Diama (1986) et celui de la
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régulation de Manantali (1988). Mais, c’est surtout le reversement, des terres
classées en zone pionniére (décret 64-46 de 1964) aux zones de terroir en
1987, qui a encouragé les producteurs a financer et a exploiter en toute
autonomie des périmétres hydroagricoles dans un contexte d’Ajustement
Structurel. Entre 1989 et 2000, les PIP passent de 12 500 ha a 33 600 ha pour
I’ensemble de la rive gauche et, dépassent 45 500 ha en 2005 (Seck, 2009).
Malgre ce développement rapide, les PIP vont montrer leurs limites, car les
aménagements réalisés sont sommaires et de mauvaises qualités que beaucoup
finiront par abandonner deux voire trois années plus tard (Béliéres et Tourg,
1999). Il y a une réelle absence de moyens financiers chez les populations
locales (D’Aquino et al., 2017).

L’expérience des PIP aura tout de méme montré une volonté des
producteurs a investir dans I’agriculture irriguée. Ce facteur, combiné aux
difficultés croissantes de I’Etat a mobiliser des financements extérieurs, a fait
émerger au début des années 2000 I’idée de périmétres en Partenariat Public
Privé (PPP). Lances respectivement & partir de 2007 et 2009, le PDMAS et le
3PRD ont chacun aménagé 2500 ha. Le premier met I’accent sur le
développement des cultures maraicheres (oignon, tomate, piment, etc.) alors
que le second s’intéresse a I’amélioration des performances de la riziculture
irriguée. Le 3PRD a défini cinq catégories d’exploitations, allant de 5 ha a 50
ha tandis que le PDMAS a octroyé aux producteurs des parcelles allant de
moins de 2 ha a 100 ha. Cette nouvelle forme d’attribution se démarque de
celle de la SAED qui avait I’habitude d’attribuer environ 0,2 ha par actif dans
les Grands Aménagements et les Aménagements Intermédiaires (Seck, 1981).

L’acces a la terre
Des canaux d’acces a la terre trés diversifiés

Les ménages enquétés possedent au total une superficie de 2 408 ha
répartie en 549 parcelles, soit une moyenne de 7,4 ha/ménage (cf. tableau
n° 1). Le chiffre éleve de I’écart type (24,3) montre une forte distribution des
valeurs autour de cette moyenne. Le minimum de superficie possédée par un
ménage est de 0,10 ha et le maximum 350 ha, soit un écart de 340 ha, ce qui
montre d’emblée I’inégalité de propriéte fonciére entre les producteurs. Le
patrimoine foncier des ménages évolue souvent en fonction du rythme de la

progression des aménagements hydroagricoles.
Tableau 1 : Présentation générale des parcelles recensées

Superficie Ecart Superficie Superficie Nombre de
Moyenne par minimum maximum parcelles
type possédée par un | possédée par un
Ménage (ha) ménage (ha) ménage (ha) Parcelles
recensées
7,4 24,3 0,10 350 549
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Pour acquérir une superficie cultivable, les personnes enquétées passent par
plusieurs canaux (figure 3).
Figure 3. Canaux a travers lesquels les ménages obtiennent leurs parcelles

ALTRE PROJET 3PRD
% 1 %
PROJET POMAS
28 %
4
y | CHEF DE VILLAGE
] a%
|
|HERITAGE
35% COMMUNE
| / 13%
. . y \
v ACHAT
poN 2%
.n:;;cm_.__________ 1%
PRET D'UNPROCHE J/ GIE/ASSOCIATION
1% 19%

Source : auteurs

L’héritage demeure le premier mode d’acces a la terre avec 35 % des
réponses enregistrées. Cela montre que le droit foncier traditionnel reste une
pratique trés importante dans le Delta du fleuve Sénégal. L héritage est suivi
par les structures associatives (19 %), les affectations obtenues directement
des communes (13 %), la location de terres (9 %). Il faut souligner que le
PDMAS et le 3PRD participent ensemble & la disponibilité des exploitations
agricoles a hauteur de 14 %. On note aussi qu’avec 4 % des cas enregistrés,
les chefs de villages gardent une certaine influence sur le foncier. Les autres
canaux d’acces a la terre (le don, le prét et I’achat) ne dépassent pas chacun
les 2 %.

La figure 4 ci-dessous permet de comprendre les canaux d’acces dominants
pour chaque catégorie de parcelles dans I’échantillon étudié.

Figure 4. Types de parcelles et canaux d’acces
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Source : auteurs

Les canaux d’acces aux « petites parcelles » sont dominés par 1’héritage et
les structures associatives. En ce qui concerne les « moyennes parcelles »,
c’est I’héritage qui prédomine également dans les modes d’accés. Toutefois,
soulignons que I’acces grace aux structures associatives est plus important que
I’héritage dans la tranche des parcelles comprises entre 10-20 ha. On constate
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que les ménages enquétés ont essentiellement bénéficié que de « petites
parcelles » dans le projet PDMAS.

Pour les «grandes parcelles», les principaux canaux d’accés sont
respectivement le projet 3PRD, les affectations directes des communes,
I’héritage, les structures associatives. Contrairement au projet PDMAS, les
ménages enquétés ont largement bénéficié de « grandes parcelles » dans le
projet 3PRD. Mais, la plus importante part des ménagés bénéficiaires ont des
superficies qui ne dépassent pas 100 ha.

Une répartition inégale de la propriété fonciére

C’est la taille de I’ensemble des parcelles détenues par un ménage qui
est considéré comme sa propriété fonciére (George, 1963). Ainsi on distingue
la petite propriété (moins de 5 ha) la moyenne propriété (entre 5 ha et 20 ha)
et la grande propriété (plus de 20 ha). Souvent c’est en passant par divers
canaux que les producteurs augmentent leurs patrimoines fonciers. Par
exemple, ils peuvent hériter de leurs parents une parcelle, obtenir deux autres
grace a successivement leur GIE/associations et le 3PRD ou encore acheter de
petites parcelles. Les combinaisons sont ainsi multiples.

Environ 72 % des ménages enquétés détiennent une petite propriété.
L’essentiel de ces propriétaires dispose de parcelles dont les dimensions sont
comprises entre 1-2 ha (38%) et entre 2-5 ha (37 %), les trés faibles surfaces
de moins de 1 ha n’en représentent que 25 % (figure 5). La moyenne propriété
concerne 21 % de nos enquétés. Dans cette catégorie 64,5 % de nos répondants
posseédent des surfaces qui se situent entre 5-10 ha et 35,5 % détiennent un

patrimoine foncier compris entre 10-20 ha.
Figure 5. Type de propriété fonciére et pourcentage des ménages concernés
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C’est seulement 7 % des ménages enquétés qui ont une grande
proprieté. Dans cette classe, 84 % de nos interviewés ont entre 20-100 ha, et
seulement 16 % détiennent 100 ha et plus. Avec 30 % des propriétaires de
100 ha et plus recensés, le 3PRD a permis le plus ces derniéres années aux
producteurs d’accroitre leur patrimoine foncier. Dans les normes ce projet
avait éliminé les parcelles de 100 ha qu’il devait attribuer. Toutefois certains
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bénéficiaires du 3PRD ont adopté des stratégies pour se retrouver avec ces
superficies. lls ont déposé pour deux parcelles de 50 ha en utilisant pour I’'une
leur nom et pour I"autre celui de leur fils, de leur épouse ou de leur entreprise.

Mise en valeur des terres

Grace a la politique agricole de I’Etat tournée vers I’autosuffisance
alimentaire et aux investissements consentis (Le Gal, 1989), la riziculture s’est
imposee dans les terroirs étudiés. La maitrise complete de I’eau dans le Delta
du Sénegal offre aux ménages la possibilité de faire 3 campagnes agricoles :
la contre-saison chaude (CSC), I’hivernage et la contre-saison froide (CSF)
(tableau 2). Le riz est la principale spéculation exploitée en contre-saison
chaude et en hivernage. Elle occupe 86 % des parcelles exploitées en contre-
saison chaude et 97 % des superficies emblavées. La production de riz baisse
Iégerement en hivernage tant en termes de parcelles exploitées (62 %) qu’en
superficie emblavée (92 %). Le systéeme actuel de la production rizicole est
alors beaucoup plus structuré autour la campagne de CSC qui se déroule entre
janvier et juillet.

Par contre, la riziculture est faiblement pratiquée en contre-saison
froide dans les communes de Diama et de Ross Béthio, comme partout ailleurs
dans le Delta. Cette attitude s’explique par le fait que les producteurs
n’obtiennent pas de bons rendements et les ressources limitées sont parfois
orientées vers la production maraichere. Les rares paysans qui s’aventurent a
la riziculture durant la contre-saison froide (septembre a mars) sont souvent
ceux qui possedent de petites superficies et préferent cultiver I’oignon et/ou

d’autres produits horticoles durant la contre-saison chaude.
Tableau 2 : Occupation des terroirs par la riziculture durant les différentes saisons

Variables Superficie Parcelle
Superficie Pourcentage Nombre total Pourcentage
Item totale mise en | occupé par leriz | de parcelles | occupé par leriz
valeur (ha) (%) cultivées (%)
Contre-saison 1631,63 97 368 86
chaude
Hivernage 302,16 92 81 62
Contre-saison 174,46 58 127 27
froide

Source : auteurs

Le faire-valoir direct représente 87 % des modes de mise en valeur des

parcelles recensées. C’est souvent la taille de la propriété fonciére ainsi que
les ressources humaines, matérielles et financieres dont dispose le cultivateur,
qui orientent le niveau d’utilisation de la main-d’ceuvre familiale ou
saisonniére. Mais dans I’ensemble des cas enquétés, sur 475 parcelles en faire-
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valoir direct, 351 sont exploitées exclusivement par la famille, 122 par la
famille et un/des sourga (s), seules 2 sont gérées par des sourgas uniquement.
Le recours & une main d’ceuvre permanente (sourga) dépend souvent de deux
facteurs : une surface agricole plus grande que la capacité de mise en valeur
de la famille ou I’éloignement de la parcelle par rapport au domicile du
producteur. Ce dernier facteur peut méme entrainer un faire-valoir indirect de
la terre. 1l a éte trés rare cependant de voir des cas de faire-valoir indirect dans
I’effectif que nous avons enquété, car il ne représente que 2 % du mode de
gestion des parcelles recenseées.

Ainsi les terres possédées par les ménages enquétés sont
majoritairement mises en valeur. Sur les 549 parcelles recensées, seules, 63
sont inexploitées (11 %), quelle que soit la saison. Cette absence de mise en
valeur est pratiquement proportionnelle a la distribution des types de parcelles.
En effet, 66 % des unités de production inexploitées sont de petite taille, 16 %
et 18 % sont respectivement de moyenne et de grandes dimensions. On
constate également que les canaux d’acces, tels que I’héritage, les communes
et les structures associatives, qui offrent plus de possibilités d’accés a la terre
aux petits producteurs, connaissent les niveaux de manque de mise en valeur
les plus élevés avec respectivement 36 %, 17 % et 10 % (figure 6). La figure 6
montre également que certaines parcelles issues du Partenariat Public-Privé

restent encore en inexploitation.
Figure 6. Canaux d’acceés aux terres inexploitées
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Environ 16 % du total des terres inexploitées dans I’échantillon étudié
ont été octroyes dans le cadre du PDMAS. D’ailleurs, 25 % des parcelles de
Ce programme que nous avons recensees ne sont pas exploitées a ce jour. Les
populations qui se sont regroupées en GIE (qui dépassent parfois 40 membres)
et qui ont obtenu des parcelles situées entre 4 et 6 hectares peinent toujours a
se les redistribuer et/ou a I’exploiter. Dans bien des cas, c’est le manque de
moyens pour mobiliser les fonds nécessaires (3 500 000 FCFA/ha) qui
entraine le manque de mise en valeur de la terre. Actuellement ce sont les
producteurs qui ont les possibilités d’aménager leurs périmetres, de financer
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leurs propres campagnes et de protéger leurs champs, qui exploitent les terres
gu’ils ont obtenues dans le cadre du PDMAS. Pour le projet 3PRD, seules 2
parcelles n’étaient pas exploitées sur les 40 enquétées.

Analyse typologique : terres cultivées, revenus agricoles et pauvreté des
ménages

Peut-on établir un profil des ménages pauvres dans la zone étudiée a
partir de leur patrimoine foncier, de leur niveau de vie et de leur activité
agricole ? La tentative de trouver des réponses a cette interrogation nous a
poussés a faire recours a une Classification Hiérarchique Ascendante (CAH).
Le dendrogramme ci-dessous (figure 7) illustre le nombre de fusions
terminales ainsi que le processus de regroupement qui résultent de cette CAH.
5 groupes de ménages ont été créés selon la méthodologie décrite plus haut.
Afin de faire I’étude typologique, une analyse bivariée (comparaison des
moyennes) a été faite entre la nouvelle variable quantitative nominale
découlant de la méthode de Ward et les 7 variables utilisées (Tableau 3).

Figure 7. Dendrogramme de la classification ascendante hiérarchique (CAH)
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Les résultats globaux montrent que les ménages des agriculteurs
enquétés dans le Delta du fleuve Sénégal comptent en moyenne 12 membres.
Ils cultivent 6 ha durant toutes les saisons possibles dans I’année, dont 83 %
(5 ha) en contre-saison chaude. Cette derniere fournit également 77 % des
bénéfices agricoles (marges) réalisés par les ménages soit la somme de
2593993 FCFA sur les 3368 313 FCFA obtenus durant les trois saisons de
cultures possibles. Ils dépensent en moyenne pour leur consommation
quotidienne 152 788 FCFA par mois et sur 100 ménages, 12 sont pauvres.

Cette analyse globale cache les disparités qui existent entre les 5
groupes ressortis de la classification hiérarchique ascendante. En considérant
d’une maniere croissante les ménages les plus pauvres jusqu’aux plus riches,
le tableau 3 ci-dessous montre des différences remarquables.

- Le groupe 3 regroupe les ménages les plus pauvres (taux de pauvreté
de 49 %) et 5,80 % de I’effectif enquété. Ils ne cultivent que 1 ha pendant les
trois différentes saisons (généralement en contre-saison chaude) et gagnent
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440 737 FCFA. Ils dépensent en consommation 102 500 FCFA par mois alors
que leur poids démographique est de 11 membres par ménage.

- Le groupe 1 représente plus de la moitié de I’échantillon (60,10 %).
Il est caractérisé par des ménages présentant un taux de pauvreté de 12 %, qui
ne cultivent que 2 ha durant les trois saisons (généralement en contre-saison
chaude). Ils gagnent de I’agriculture 856 114 FCFA, leurs ménages comptent
9 membres et font des dépenses de consommation mensuelles estimées a
116 337 FCFA.

- Le groupe 2 (32,20 % de I’effectif enquété) isole ceux qui cultivent
8 ha lors des trois saisons et obtiennent du méme coup une marge de
3480 196 FCFA. Leur taux de pauvreté est moins €levé que les deux groupes
précédents (6 %). Awussi, dépensent-ils plus que ces derniers
(208 733 FCFA/mois) et ont également des ménages plus grands qu’eux (18
membres).

- Le groupe 4 concentre des ménages relativement aisés si on les juge
par les superficies qu’ils emblavent pendant les trois saisons (92 ha en
moyenne) et par les revenus qu’ils gagnent de [I’agriculture
(50 114 750 FCFA). Leur taux de pauvreté est tres faible (4 %) tout comme la
part qu’ils occupent dans I’effectif enquété (1,20 %). Pourtant avec le méme
poids démographique que les ménages du groupe 2 (18 membres du ménage),
ils ont toutefois un niveau de vie supérieur a ces derniers puisqu’ils dépensent
mensuellement 312 500 FCFA.

Tableau 2. 5 groupes de ménages classés selon 7 variables quantitatives

Meéthode de Ward Nombre | Marge réalisée | Marge réalisée | Superficie Superficie Taux de Dépenses
(groupes) des toutes les trois | lors de la CSC | coltivée lors | coltivéeen | pauvreté mOoyennes
membres salsons (FCFA) des trois CSC (ha) mensuelles
du ménage (FCFA) saisons (ha) (FCFA)
1 Moyenne 9 836114 607 245 2 2 12 % 116 337
N 198 196 196 196 196 196 196
% deNtotal | 60,10 % 60,10 % 60,10 % 60,10 % 60,10 % 60,10 % 60,10 %
2 Moyenne 18 3480186 2780238 8 6 6% 208 733
N 103 105 103 103 103 103 103
% de N total | 32,20 % 32,20 % 32,20 % 32,20 % 32,20 % 32,20 % 32,20 %
N 19 19 19 19 19 19 19
% de W total 5,80 % 3,80 % 3,80 % 3,80 % 3.80 % 5,80 % 5,80 %
4 Moyenne 18 50114750 39406750 92 77 4% 312500
N 4 4 4 4 4 4 4
% de N total 1.20 % 1.20 % 1.20% 1.20 % 1.20 % 1.20 % 1.20 %
3 Moyenne 43 178 010000 135310000 205 155 3 % 930000
N 2 2 2 2 2 2 2
% de N total 0,60 % 0.60 % 0.60 % 0,60 % 0,60 % 0,60 % 0,60 %
Total | Moyenne 12 3368319 2593003 6 3 12 % 132788
N 326 326 326 326 326 326 326
% de N total 100 % 100 % 100 % 100 % 100 % 100 % 100 %

Source : auteurs

Enfin le groupe5 met en exergue deux ménages qui se détachent
complétement du lot tant de par leur poids démographique (43 membres) que
de par la superficie qu’ils réussissent a cultiver toutes les trois saisons
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possibles (205 ha). IIs gagnent ainsi 178 010 000 FCFA de I’agriculture (toute
saison confondue) et dépensent en moyenne pour leur consommation
950 000 FCFA/mois. Ces ménages atypiques résident a Ross-Béthio mais sont
originaires de Touba. lls appartiennent & des dignitaires religieux qui doivent
la taille de leur ménage au nombre de leurs disciples. Ils ont bénéficié, des
parcelles dans le casier de Grande Digue Tellel, dans les PIP et dans le
périmétre du 3PRD. lls possedent également des tracteurs ainsi que des
moissonneuses batteuses en plus d’une main d’ceuvre qui est a leur portée. Ce
sont ces différents facteurs qui leur facilitent une riziculture intensive aussi
intéressante que les bénéfices qu’ils réussissent a y réaliser. Ces résultats
dénotent dans leur ensemble une forte relation entre le taux de pauvreté des
ménages, leurs dépenses de consommation, leur poids démographique, la
surface qu’ils cultivent durant les différentes saisons et les revenus agricoles
qu’ils réussissent a glaner. Il est clair que ceux qui cultivent plus de terres
obtiennent les meilleurs gains et affichent les dépenses de consommation les
plus élevées. Les ménages les plus pauvres sont ceux qui emblavent moins de
2 ha durant toutes les campagnes, ils ont le niveau de vie ainsi que les revenus
agricoles les plus bas.

Discussion

Il ressort de cette analyse une tendance a I’agrandissement de la taille
des exploitations agricoles dans le Delta du Sénégal. Les ménages ne regoivent
plus les 0,20 ha par actif (Seck, 1981 ; Boutillier, 1982). Cet agrandissement
qui a débuté depuis I’avénement des PIP est désormais accéléré par le
Partenariat Public-Privé (surtout a travers le projet 3 PRD) et encadré
actuellement par le Plan Sénégal Emergent. « En 1960, il y avait 58 %
d’exploitations agricoles sénégalaises de moins de 3 hectares sur 22 % de la
surface cultivée. En 1998, elles ne représentent plus que 51 % du total sur
seulement 16 % de la surface cultivée. Au cours de la méme période, la part
des exploitations de plus de 10 hectares est passée de 6 a 9 %, et les surfaces
qu’exploitent ces derniéres sont plus importantes (de 26 a 33 % du total) »
(République du Sénégal, 2013).

Cette tendance sénégalaise d’élargissement des parcelles cultivées est
I’inverse de ce qui se produit dans le monde et qui est cité comme étant I’un
des facteurs de la crise alimentaire de 2008 : la réduction des surfaces
cultivables et des rendements sous [I’effet de [I'urbanisation et de
I’augmentation de la population. Selon la CNUCED (2008) « & cause de la
croissance démographique et de la perte de terres cultivables, la superficie
moyenne des exploitations en Chine et au Bangladesh, par exemple, est
tombée d’environ 1,5 hectare dans les années 70 a tout juste 0,5 hectare a
I’heure actuelle ; en Ethiopie et au Malawi, elle est tombée de 1,2 hectare &
0,8 hectare dans les années 90 ». Cette tendance bien, qu’elle demeure
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favorable a I’augmentation des productions agricoles, accentue cependant les
inégalités entre les ménages. Une minorité de producteurs se partage la grande
part du patrimoine foncier alors que les ménages les plus pauvres se
bousculent sur de petites superficies qu’ils sont obligés encore d’émietter,
pour les héritiers, en cas de déces du chef de ménage.

En outre les modes d’accés aux parcelles agricoles sont différents,
mais dans la majorité I’héritage, les communes, et les structures associatives
sont les canaux qui permettent a la masse paysanne d’acquérir des unités de
production. Ceux qui ont les moyens ou qui font partie des réseaux peuvent
accroitre leurs superficies en achetant des terres et/ou en bénéficiant des
aménagements effectués par les nouveaux projets (PDMAS, 3 PRD). C’est la
conjugaison de I’ensemble de ces facteurs qui entraine une inégalité de la
proprieté fonciére au sein des cultivateurs. L’écrasante majorité de ces
derniers (63 %) exploite moins de 2 ha tandis que 7,5 % emblavent plus de 20
ha. Méme si dans d’autres villages on peut rencontrer des cas isolés, la plupart
des paysans qui ont une grande propriété habitent a Boundoum Barrage et
surtout a Ross Béthio. Ce sont généralement des producteurs qui ont
pratiguement des parcelles dans toutes les générations d’aménagements
(Grand aménagement, PIP, 3PRD). Notre étude confirme ainsi les inégalités
d’accés a la terre déja évoquées par Le Roy (2006) dans le Delta du fleuve
Sénégal. L’étude que ce chercheur a menée sur 429 exploitations dans 3
villages du Delta (Tiguette, Thiagar et Ndelle) montre 9 unités a la taille
démesurée qui occupent 46 % de la superficie cultivée tandis que, I’écrasante
majorité, 362 exploitations ne s’étendent que de quelques ares a 12 hectares
alors que 58 n’exergaient aucune activité. La méme situation a été constatée
par Beliéres et al. (2011) a I’Office du Niger ou 74 % des exploitations
disposent seulement de 18 % de la superficie, alors que 16 % en cumulent
46 %.

Le résultat majeur qui ressort de cette étude est que les paysans du
Delta du Sénégal qui ne cultivent pas assez de terres irriguées sont les plus
pauvres. Il confirme a cet effet celui de Le Roy et al. (2005) qui, depuis plus
d’une décennie, ont montré que certains ménages du Delta et de la Moyenne
Vallée sont exclus de I’irrigation & cause de leur pauvreté, de leur endettement,
de leur manque d’acces a la terre. Dans le cas des ménages que nous avons
étudiés, le probléeme d’acces au crédit ne se pose pas, mais les producteurs ne
cultivent pas assez de terre pour générer des revenus considérables. Cette
problématique n’est pas singuliere au Delta du fleuve Sénégal. En effet la
course fonciere dans I’Office du Niger qui favorise les plus riches au détriment
des pauvres est aussi relatée par Adamczewski et al. (2013). Ailleurs, les
recherches de Bainville et al. (2005) et d’Aubron, Lehoux et Lucas (2015) ont
démontré que les ménages les plus pauvres respectivement au Nicaragua et en
Inde rurale sont également ceux qui n’ont pas de terre ou pas d’eau pour les
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irriguer (manque d’un facteur de production). Au Brésil aussi, c’est la méme
situation qui est décrite par Di Méo (2014), les exploitations supérieures a
1 000 ha constituent plus de 40 % de I’espace agricole avec des propriétaires
riches alors que les autres agriculteurs n’ont pas souvent acces au foncier et
sont exploités par les grands propriétaires.

Conclusion

Dans le Delta du Sénégal, les inégalités sociales qui existent entre les
ménages agricoles se manifestent a travers leur patrimoine foncier, leurs
performances dans I’agriculture et leur niveau de vie. L’existence de plusieurs
modes d’acceés aux terres cultivables permet a une minorité de producteurs de
détenir les plus grandes surfaces irrigables tandis que la majorité des ménages
cultive moins de 2 ha. Un faible pourcentage des parcelles reste inexploité
durant toute I’année montrant donc une certaine mise en valeur des terres.
Mais malgré I’importance des terres exploitées, I’écrasante majorité des
ménages, et surtout les plus pauvres, n’effectue qu’une seule campagne, la
riziculture irriguée de contre-saison chaude.

En moyenne, les ménages les plus pauvres cultivent annuellement 1 ha
et gagnent moins de 40 000 FCFA/mois. Les gains des ménages de classe
moyenne se situent a 290 016 FCFA/mois pour 8 ha cultivés et ceux des
ménages aisés avoisinent les 15 millions FCFA/mois pour 205 ha emblavées.
Ce résultat montre une relation logique entre I'augmentation des superficies
cultivées et des revenus agricoles. Le gouvernement du Sénégal est conscient
de ce fait, c’est sans doute pour cette raison qu’il préne depuis la libéralisation
I’agrandissement des unités de production agricole. C’est d’ailleurs dans cette
méme logique qu’il faudrait situer le 3PRD qui a attribué a ses bénéficiaires
des parcelles supérieures ou égales a 5 ha selon le modéle du Partenariat Public
Privé (PPP). Cependant, tel qu’il est actuellement congu, le PPP fait que ce
sont les riches cultivateurs qui risquent de profiter des nouvelles dotations
fonciéres au détriment des plus pauvres. Une révision de la politique de
développement de I’irrigation dans le Delta doit étre guidée par la réponse a
la question, comment les paysans les plus pauvres peuvent-ils s’affranchir de
la pauvreté s’ils ne parviennent pas a cultiver plus de terre ?
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