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Abstract - According to the Report Jacques Delors,
education in the 2% century will be supported over four
pillars. It is expected for the students: to learnhow to
acquire knowledge, to learn how to realize, to lear how
to socialize and to learn how to be. The learningfdow
to acquire knowledge has been the main objective tifie
conventional education and in a minor fashion, the
learning of how to realize. Thus the learning of ha to
socialize and how to be, and also the laerning obtv to
deal with behavioural matters requires new educatioal
models. The motivation and the physical environment
make the scenario suitable for engineering educatio
Cooperative Education is an education model that
presents an alternation of Academic Periods at the
university and Work Term Periods (Internship
programs) in corporations. That model mixes learnig
and professional experience acquired by the studentn
corporations, research institutes and social projes. This
paper presents the way some physical classroom
environments and the Cooperative education model ca
play influence over the learning of the engineering
students.

Index Terms - Cooperative Education,
Environment, Engineering Education, Internship.

Physical

INTRODUCTION

The word education usually is associated with
qualification, a certification, a diploma, a pieoé paper
when the students conclude a course. The word gdoca
its more holistic direction, beyond a good formati@lso
gains to the individual a behavior. The new panadigpf a
market of work in constant transformations comeséarch
of abilities, that is, of a set of knowledge, amb and
attitudes. Within this scene, the study of the eets that
influence the behavior of the individual is a pregerant
factor in the definition of the formative procedstioe new
professionals.

1. to learn how to know: to acquire the instruments
for understanding.

2. Tolearn how to make: to be able to act over the
environment.

3. Tolearn how to coexist: to be able to socializd a
to practice cooperative activities.

4. To learn how to be - by integrating the former
three: to know, to make and to coexist.

The learning of how to acquire knowledge has been t
main objective of conventional education and ineasér
scale, increased of learning of how to accompliEhe
learning of how to coexist and the learning of hmabe,
require new education models. The motivation and th
physical environment form the scene suitable foe th
engineering education.

The study of the influence of the environment ie th
behavior of people has been the object of reseiarche
areas of psychology that deal with the scientificlg of the
relations beteween men and their environment. Thedw
environment, represents a broad and inexact contepas
adopted by the British, without alterations for taglish
language, from the French woedvironthat means to form
a ring in lathe, to encircle, to surround and th#ix ment
the result or product of the verb. The word enuinent
specifically means ‘what it encircles, the condigoor
influences where any person lives or if it develops

Reference [2] considers that the environmental
psychology deals with all the concepts created ey o

a represent the space; the study of the answers bgek

manhood to the standards of stimulations expeeigrzy
the people if they can move themselves selectiuelthe
existing intervals between the desired or the amvebjects.
Reference [3] appraises that the environmental
psychology studies the transaction between the igdlys
individuals and their environments. In these tratisas, the
individuals change the environment and as well haer t
behavior is changed by the environment. Environalent
psychology includes the research and the praciieetdd
towards making the constructions more humanized tand

The Report Jacques Delors, published in Brazil asimprove our relationship with the natural enviromme

“Education - a treasure to discover” [1], was elalbed with
the objective of showing the changes that will hewveccur

in education, through new processes of learningshauld
follow the speed and the amount of information
disponibilized in the communiction medias. This adp
concludes that the education will have to be omghion
four pillars:

The architecture of the physical space destinethé¢o
learning exerts its more powerful influence on behavior
in an indirect way, promoting specific forms of Edc
organization. In none another place this is mordent than
in the physical spaces destined to the educatioteitions.
The way we act on our environment and we percdiee t
consequences of our actions, is decisive to leaww to
coexist and to learn how to be.

Patricia Helena Lara dos Santos Matai , Escolaé@nica, Universidade de Sao Paulo, Brazil - pi@usp.br
2 Shigueharu Matai, Coordenadoria do Espago Fisicaersidade de S&o Paulo, Brazil - shigueharur@ap.br

Coimbra, Portugal

September 3 — 7, 2007

International Conference on Engineering Education 4CEE 2007



COOPERATIVE EDUCATION and up to date knowledge together with technoldgica
innovations [6].
According to [4], in order to explore aptitudes atml The quarterly school calendar practised at the
discover vocations, the students must know thesamfa  Cooperative courses is divided into three periddsauary to
work, their requirements and what is expected fi@nt to April, May to August and September to December.

accomplish as presented on Table 1. Academic periods (Al to A9) of classes are altemhatith
periods of practical professional Internship progsain
TABLE 1 - APTITUDES AND VOCATIONS companies (I 1 to 16). The Cooperative structunerésented
To know how to explore aptitudes and to discoyer on Table 3.
vocations
TABLE 3 — COOPERATIVE QUARTERLY STRUCTURE
the interests| to supply the individuals the oppuityuto Scheme of the Cooperative courses
know and to try different areas of work |in JIFIMIAIM [J[J]A]S|O|N]|D
order to discover their interests gnd | 1% year Al A2 11
aptitudes. 2" year A3 | 2 A4
how to be to allow the individuals to immediatedain 3% year |13 A5 |14
the requirements of certain occupations jand 4" year A6 15 A7
the possibilities to accomplish them throggh | 5" year | 6 A8 A9
practical activities. | 1] T 11 T ]
how_ to] to show to the indiv_iduals what is expecteq in[ Classrooms 3 3 3
coexist relation to determined types of activitigs, Mnterships 2 2 2
daily duties, people with they will be forcgd
to coexist and the degree competitiveness 10 The Cooperative model structure requires 3 classsoo
be awaited. while in the semester system 5 classrooms are deddhat

means a reduction in resources such as: librarigsputers,

Learning is considered as being a relatively peeméin  project rooms, laboratories, books, parking ardas,

change in the behavior of the individuals, whicpens as  resources for 3 instead of 5 groups of studentghé end

a result of a practical experience. of the course, the students have accomplished Zthmof

Reference [5] considers 5 hypotheses for the psooEs  |nternship activities exerting diverse functionsdifferent

Iearning based on the individuals’s experiencesi an Companies, departmentsy and research institutmin@a
practical experiences. Table 2 presents the hypethef the  professional résumé of 2 years in the work market

andragogy (adult education) associated with the academic diploma, increasingr th
ability and areas of performance. Since the Int@ms
TABLE 2 - HYPOTHESES OF THE ANDRAGOGY periods are carried within exclusive periods, theyn be
Hypotheses ANDRAGOGY accomplished in different cities or countries allogv the
Autonomy To develop the capacity to take prdper students to experience different realities anducedt. With
decisions whole dedication, the students can assume valuable
Experience To produce the base for the learnir|lg ofactivities with responsibility, and increase thaisertion
new concepts from the experiences. into the work market. Through the Internship agreets,
Promptitude  for Promptitude for learning: in [Ja the education institution is able to increase dsoa and to
the learning pragmatic way, to learn what it |is scatter abroad other issues such as patents, ralesaad
related with real situations in life. extension activities and technological solutions.
Application of the To develop the vision of the future for
learning the learning of what they believed to|be THE PHYSICAL ENVIROMENT

necessary, through the learning bgsed
on problems and not only centered in The word space (environment) means: region with twe

knowledge. or three dimensions, said respectively: extensgnface
Motivation To| To develop intrinsic interests, that fs, and volume, inside of which a point is locate dna@efinite
learn personal associations to values fnd extension or a delimited place that can containetbimg. In

objectives, instead of associating fhe the educational environment inserted in the sos@inds
results of learning with the exterrlal and also within the human relations, the education
compensations. methodology will have to be structuralized and te b

planned in order to attend to the future which,dvel/the

Cooperative education is an education model thatlearning of how to do and how to know, also reciitiee
promotes the systematic learning through lessond an learning of how to coexist and how to be.

learning based on work situations. The model irteEgr the According to [7] the buildings are constructed for
companies and the institutions of education infénenation ~ People; while some people only contemplate therherst
of qualified professionals that face the dynamisithe live and work in them. The schools, hospitals aggldence

work market, which demands the fast adequacy oftion  buildings can be beautiful for the eyes, but somesi very
complicated for those who live in them, when their
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functions are not properly defined. The author @ters that
the way as we act on our environment and we pexckie
consequences of our actions can be decisive fosunival

as species. The architecture within its origins affahities
based on painting and sculpture is adequate fer th
construction of buildings and monuments. In theapiag of
the spaces with strong deterministic environmentisit
assumed that people’s lives can be influenced hy th
decisions planned on the environment, thereforeoiild
make use and distribute the units and control st In
such a way, the environmental psychologists aréngito
offer a level of planning, as much or superiorhattoffered
by the architects. That opens a field of reseamiterning
the physical environment and its relation with keag as
belonging to the field of environmental psychology.

RELATION BETWEEN THE PHYSICAL SPACE
AND LEARNING

According to [8], the task of the environmental
psychologists who study the apprenticement is tmticly
the conditions under which the physical and the -non
physical elements are arranged, resulting in amomgment
of the learning. Reference [3] consider that tHeatfof the
physical space on the learning must be analyzeéruiodr
dimensions: the proper learning, feelings with rdga the
learning, the social behavior related to the leayrand the
aspects of health and stress of the learning. seh
analyses, the environmental psychologists employr fo
referring premises to the learning and to the palsi
environment; that they do not exert a direct infice, that
they are not universal, that does not exist oneiipdetter
physical arrangement, but the arrangement is irapbrin
the process of education and learning. Table 4epteshe
four premisses staded by [3].

TABLE 4 - PREMISES OF [3]

Physical environment and learning

The physical arrangement does not influence dirgetl
but it can facilitate learning or to make it diffit in a
symbolic and directed form. For example: extre
noises intervene with the attention of the classremd
a badly organized classroom can repass to
apprentices the impression of that the professustiae
schools are not worried about their progresses.

me

The effects of the physical arrangements on thenileg
are not universal, but they are regulated by thaasp
context and also by the academic program.

An optimum physical arrangement for the
apprenticement does not exist. The best arrangs
are those coherent with the program contents caimggr
what is being learned, with the objectives of [the

classroom and the characteristics of the apprentice

The apprenticement is maximized when the phy
arrangement is considered in a very careful wayash
as other aspects of the learning situation suclhe|
ability of the professor and the structure of tharses.

v)
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According to [9], the relations person/environmienbe

considered in the apprenticement are:

« the personal characteristics of the students
(pertaining to school attitudes in relation to the
learning, age, personality, sex, previous
experiences);

« the interaction with thdayout of the learning
space(size, noise, population density and disposal
of the furniture);

» the surroundings of the social organizational
environment (rules, education methodology ,
educational orientation);

e the production of attitudes related with the
learning  (satisfaction  with  the  school,
dissatisfaction with the class, commitment with the
learning)

» behavior (participation of the class, attention with
the learning materials, questionings, pro-active

attitude or non-persistence, creativity,
apprenticement and performance).
THE SIZE OF THE SCHOOLS
The school dimensions, associated with the denfand

students, seem to define that they will have t@addig as
possible in the great urban centers and dispensethd
remaining places. It was not possible to find regs
concerning the definition of the optimum dimensimfsa
school campus through criteria such as the students
academic performance or social parameters, bectugse
economics scale in the provision of the number of
professors, installations as laboratories, auditoyi
workshops and libraries. Many experiences of leayrare
affected by the school dimensions, which are fratjye
associated with the non-ideal conditions with redgartime

in space. Students in big schools have interests\variety

of subjects, but their time in the school is lirditén such a
way that they do not really participate in actiedtias much
as the students of small schools do.

the

THE SPACE OF ACTION

The shape and the disposal of the furniture ofcthesroom
form a symbolic dimension that influences the adi#s of
the professors and the students. This disposatdsnéed
with the raised floor and the differentiation oettype and

entSize of the desk, reiterating an authoritarian ustdading of

the professor in detriment of a comprehensive and
cooperative understanding.
According to [9]. the traditional disposition of eth

Lical Classroom — desks in straight rows in front of phefessors

- could not be the best way to promote involvemamd
satisfaction of the students, for a series of resis¢l) the
students sitting in the front rows can block theiam on the
professor and the blackboard; (2) the studenthénbtack
rows are isolated and could not pay attention ¢osthibjects
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taught; (3) the visual and auditory communicatiam i
interactive activities with the students could bejpdiced;
(4) the dominator role of the professors is acattig the
use of a different furniture as well as their dist@a and
position with regard to the students; (5) the désppan rows
inhibits the learning methodologies based in groapg in
action.

In a study accomplished by [10], six types of
classrooms were considered: those with the desosied
in lines, with tables for group activities, in tisbape of a
laboratory, in a circular disposition, without winas and
with partition walls with glass windows. The comrtgen
made by the students indicated that during the laegu
classes (desks in
participation in discussions. However, the absoluienber
of affirmations for the question was higher in ttlasses
disposed in a circular form. The students alsoatedl not to
like either laboratory classes or rooms without daws.
The author [11] carried an experiment in a tradgio
rectangular shape classroom having the professi@sk at
the center and students’s desks in rows. The pasitf the
students and the number of their participation were
recorded. The central and the front regions where
statistically presented the biggest participatioh the
students, is called the zone of action. The resitifésned are
presented on Figure 1.

|  instructor |
57% | | 61% | |  57% |
51% | |  54% | | 51% |
41% | | 51% | | 41% |
31% | | 48% | | 31% |

FIGURE 3 — THE ZONE OF ACTION

Although the position in the classroom is importahe
research demonstrated that the good students geztdheir
participation when they are placed in the actionezoThe
students with learning problems did not demonstrate
improvement even when they were placed the actioe,z
although a relative increase in the participatiauld be
observed. Even though the action zone increaseasutmder
of participations, the position is not necessasa$sociated
with an increase in the evaluation and performanfcéhe
student. Perhaps this could be explained by thdy dai
inclination of the students who choose the actionezto
participate of the lessons and feel more respamsibl
concerning the school activities. It seems to iattichat the
space relation in the efficiency of the students &a@ersonal
participation and deserves a discerning study. ihesical
changes in the learning space as a whole, affecs¢hool
performance. Factors as: color, noise, temperature
illumination and odor, influence the environmentamfort
of the classrooms.
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THE CLASSROOM AND THE BEHAVIOR

For the professors, researchers and administratues,
classroom always was a subject of interest. Suehast has
been growing substantially with the new conceptsthas
modular planning and the open classroom, with weejl
defined goals defined that aim the development haf t
quality of the educational experience. However, alotays
an effective attention to the physical space ofdlassroom
has been paid, as integrant part of the educatiomaess.
Most of the time, the environment of the classroem
modified to promote some behavioral objective,dgample
to intensify the level of debate or to promote therk in

lines) there was a bigger averag@roups.

For the researchers it is interesting to obsemvesaise
that some behavioral alteration has occurred hiad to with
the new education technique or if possibly it waased by
the disposal of the furniture in a more useful faaiming
the relationship professor-student. In the analysisthe
physical variables of the rooms the individual fastare
important because all individuals have characiessin
some degree that influence their interaction witie t
physical properties of a room, as well as with peap the
room. Those individual variables compose a seriés o
different sources. The attitude of a person towéndssocial
and physical function of a room can be the resélit®
experience lived in that room or in a similar one.

According to [9], an innovative professor decided
change the traditional straight rows in his clagsetdby a
disposal in semicircles. His students did not like new
disposal. Apparently, their experiences in conwergl
classrooms contributed for the development of uatés
related to the disposal of a classroom. The resfltthe
study reported by [12] concerning the perceptiofsa
distorted room also reflect the effect of formes@sations
on the experiences or concepts of an individuaé 3bcial
learning of a certain individual is an equally imamt
determination factor of its behavior in some envinents
and will tend to excite the behavior that is expdcin a
specific situation. Some individual factors, sushtlze need
for privacy, are not easily influenced by formepeKences.
These are universal variables that approximatetgrchine
certain aspects of the social behavior in all theiad and
environmental contexts. Two of those variables tre
necessity to establish a territory for the preagon of the
individual personal space.

THE SPACE FOR EDUCATION
AND THE LEARNING

—

A Master is not who always teaches, but who sugdenl
learns(Guimaraes Rosa).

Some individuals are born professors and possesgifthto
create interest in the students and to analyze kbaining
process. Everyone, of course, can learn naturatenwv
dealing with groups of students, increasing thenditbn
degree and understanding the ways on which thepgrou
operate and learn to observe.

It is important to consider that the main attribirtehe
“professor’s function” is to develop sensitivityargh to be
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aware of the verbal and not verbal interactionthefgroup
and to pay attention to what occurs in the classredgth
regard to: jokes, critics, laughs and commentaribise
professor should also be aware of the satisfactignals.
The identification of the natural leaders withire tgroups
also assists the construction of the relationshipg e
communication as auxiliary potential monitors iclegroup
of students.

The education institutions exist mainly to teachexchange
information and mainly for the other objectivesttkaem to
have been forgotten, whose absence explains the dfc
interest of the students for it and whose presel@elops
the interest and the motivation for it [14].

It should be remembered that the architecture eyeglo
to built professors’s offices and that keeps thewlaited
from their students and to those who defend it thatnew

The professor must be concerned about the personajjoals of the educational process go beyond theitegarof

development of each apprentice with
challenges considered for the group. The necessifiehe

apprentices must be prioritized in a way that ttieynot fear
the critics or even, the critics do not exist, teyent the
exclusion of this apprentice of the group. The @ssbr
should also be aware of the pressures and allotvata
participants can practice their abilities and egpréeheir

points of view to the other members of the groupe §roup
members must be capable to try, to practice arekpbore

their own concepts.

The professor should not encourage or try to disgm
some interactions unrelated to the tasks to bdlédf but
that come to discourage the group. It is not ary ¢ask to
balance the actions, when the members of the gdespe
to engage themselves in subjects other than thamseemed
with learning. In that case the groups should bé& Bpgo
sub-groups.

The professors can encourage the effective learining

the classroom in some ways: they must help themafu
students by stimulating the individual apprentices

regard to thehow to know and how to make; it extends to therigay of

to how to coexist and how to be. The cells wheramite
monks were confined in the monasteries, copyingingi
and translating old texts in agreement with thesuwf the
church practically do not exist any more. Thosé pgesist,
hinder the advance that the education will havassume to
guarantee its existence, relegating it to be ind@bge of
time and side by side with the Episcopal schools.

In many institutions rooms are transformed intoetru
offices with a secretary or an automatic door m¢ntrance.
The professors’ offices are transformed into treells”,
isolating them from the students. The layout of phgsical
spaces destined to education and the learning of tioo
coexist and the learning of how to be, will have e
constructed to facilitate the work of the professor the
developing of the social behaviors.

INDIVIDUALITY AND TERRITORIALITY

According to [10], the individual space can be @ned as

participate as members of a group; to effect fratjue a wrap, that delimits “a portable” border. In ataar way,
exchanges of the face to face nteractions, whenesomthis personal space is a social one because itteage is

emotional involvement is observed. People who néese
anything to share will not become part of a grosfudents

only observed when a person introduces himselfi¢oself)
inadvertently or intentionally into the personalase of

who come to the classroom and enter without sayinganother individual.

anything, and just wait for the professor to indiahe
lesson, with a coldness that suggests a lack oftienad
commitment, will remain as a collection of indivau
apprentices. The professor’'s equanimous domainhef
group also will not aid. Without an effective shmayiof tasks
and the sense to carry through, the apprenticdsrevilain
inadvertent and very little integrated [13]. Comdrg the
function to produce a propitious environment fa thork in
groups, the disposal of the furniture is a prepoatefactor.

TO TRANSFORM “CELLS” INTO EDUCATION
CELLS

Whenever a room is fixed to promote a definitivedfic
type of behavior, it would have to be projected fbat
purpose, which would be to facilitate the learnimigthe
student. The purpose of the physical space hagnd#isant
importance on the influence of the behavior. Thaetyf
influence on the students’s behavior depends on
structure, the disposal and the architecture foichvhs

This phenomenon is usually observed when a person

seated alone, for instance on a garden bench, arather
one comes close and seats to the side, automgtiballfirst
person will show a disturbance signal and will mawveay
from the other individual. The necessities to délithe
personal boundaries have been shown to be diffevithin
the various cultures.

Depending on the social situation, the personatesjm
also diversified. For instance, the limits for @dofiends
differ from those imposed for strangers. The ndtessfor
personal space appear in a variety of ways sudh Esge
groups. If the reason for the formation of a grou@ crowd
is common (for example: to travel in the subwayntiar to
wait in a line) the personal limits certainly abeoken.

To coexist is related to others as: to invite, ® b
invitingly, to be attractive, invitation, guest, amdividual
that inhabits in a close place. One of the proféssmain
tasks in the undergraduate courses should be tb thea

thestudents to learn how to coexist. The professoosilghtake

into account the layout of their own offices. Theaee

designated, for a lecture room audience, a chemicalreports of room and office layouts that separagepirsonal

laboratory or only a small room or seminaries. Moes,
the form, the furniture and determined ambient doomb
also affect the behavior.

In order to attend to the purposes of educatiom, th

professors’ offices are places that should be nefitated.
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spaces of the professors through the elementsstilate the
visibility and acoustic. There is also a socialation among
professors.

In a general way, in the first period of trainirg tthick
partition walls that separate a room from anoth#ir vave
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to provide at least the visual contact, substigutire “walls”
for transparent nareials. This visual contact sthduleak
some barriers that separate the personal spacgs@ride a
first period of training for the coexistence, evidmugh
some individuals insist on the installation of binin order
to remain isolated. According to [10] the territdity is

with post-graduation, preventing isolation of thergon who
orientates and students transforming a simpleir@mwent
into an effective organic environment.
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