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ABSTRACT

Six computing environments which focus on one or more of the
computing applications of CAl, word processing, BASIC, and Logo provide th-e
settings for the study. The experiential nature of the computing environment for
the student and the role of the teacher are described within the orientation of the
theory of Dissipative Structures and the theo‘ry of Autopoiesis. Tha nature of an
autopoietic computing environment is discussed. A description of the author's

personal involvement with computer implementatiort is included as an example

of an autopoietic living system in a continual process of Becoming.
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CHAPTER ONE
INTRODUCTION

Computer technology has becomes pervasive mfc)ughout our sociaty
Technological devglopmaents of the past decade have brought pressure 1o
bear on our system of education and on the component membaers of that
system to integrate computer technology inta the community of the classroom
What knowledge, skills, and values will be required of our students 'n tha
future? As educators struggio with quastions for which no one has the
answars, implementation continues. In recent years, education has ntegratad
technolegical changes (i.e., television, calculators) intc the ciassroom with
ittle disrupticn to the system  Will computer technology, aiso. shde
comfortably into our schoois or will it have a profound effect on how we
organize our classrooms for learning?

The theory of dissipative structures (Prigogine & Stengers. 19841 ard
its application to education (Sawada & Caley, 1985) téiis us that revolutionary ¢
change may result from chaotic situations. "Howevaer, there is a tandency
among systems to maintain the status quc. Should disruptions to the system
be minor, the system will quickly return to a stable state. Television anc
calculators, for a time, caused minor disruptions to cur system ¢ educat.on
But because the disruptions were minor, the system returned 1o a stable state
without any significant charge in its structure. The theory of dissipative
structures provides an appropriate metaphor to aid description of obsarvable
behavior within computing environments.

’ The theory of autopoiesis (Maturana & Varela, 1980, 1987) and its

application to education (Sawada & Pothier, 1988) provides a metaphor to ad
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description of activity which happens within the system but is not observable.
For change to occur within the larger educational system, change must occur
Withih:the componen\t members of that syétem. Each com’ponent member
within the educational system is, in itself, a social éystem dependent for
survival on its ability to maintain its identity gnd regenerate its basic v

organization. The structure of a system is a cbmp_o%ite of its inherited

‘biological characteristics and its ontogehy (structUréI adaptations). As living

systems maintain their 6rganization (autopoiesis), they may become perturbed
by environmental or internal infLuences. The structure of fhe system . L
determines what will become perturbationa]. Through recursive processes

within the system, structural changes are made while the basic organization of

the unity remains homeostatic. As change occurs within the component

‘members of the classroom, recurrent coupling between component members

of the classroom and other component members of the largfar educational
system with sgbsequent co-drifting may lead to chrange with}n the larger
system of education. For exampje, the first microcomputers in our skhgols
were scattered around the district, often the responsibility of the math teachers.
Many of these teachers attended university and college courses and.became
involved in interest groups. As teachers shared their ideas about computer
implementation, friendships emerged. These teachers often shared what they
learned at meetings and classes with staff members in their schools. Through |
the efforts of teachers in ore particular interest group, the Alberta Teachers'
Association Computer Council was created, tying together teachers using
computers throughout the province. Edmonton Public School Board
establi,shed Microcomputing Services, constructed a‘centralized microlab and

hired consultants. Alberta Education supporfed research, established the

N\



Clearinghouse, prepared curricﬁlum documents, and negotiated software
prices. As teachers with different expertise explored and shared the
possibilities for this technology in education, the use of computers broadened ;
from its previous mathematlcal orientation to one in which computers are now /
being mtegrated into many areas ,of the curriculum. Change which took place

among the component members (teachers) of the educational computlng

- community led to change within the larger systems of education.

It was not by desugn but by simply being in the right place at vt’he right
time that | became involved in computer implementation. At times; computer

technology created turmoil within my class. | was periUrbedgb_y-'my

observations.and my inner feelings. My students were exhib’iting an

 enthusfasm toward this technology that | hadépreviously oﬁly seen them show

towards physicgl educational activities. | began to feel an excitement toward
my job that,luhad not felt in many years. | began to examine my teaching
practices, many of which | had not questioned in ,a"'long time. ﬂwe introduction
of computers into my classroom disrupted the ndrmal patter;\ of a%:tivity and a" |

different relationship between the component members (myself and my

-students) was emerging.

My research and subsequently thié thesis spontaneously arose from my

~tmg

need to understand what was happeqing to my students and to me. The

theories of dissipative structures and autopoiesis allowed me to glean

personal meaning from my classroom experiences and my research
observations and data. As | became involved with the data and the
background literature, | came to believe that this thesis is simply the story of

my own autopoiesis and by telling that story | hope to demonstrate the
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appropriateness of the theory of autopoiesis (Maturana & Varela, 1980, 387)

rd

to an educational setting.
PURPOSE OF THE STUDY
The purpose of this study was to ‘add meaning to my personal

experiences of computer implementation and its effects beyond the computer

setting.

QUESTIONS
The questions were not based on preconceived hypotheses but rather
on the desire to determine the meaning of what was happening to students

and teachers in four different computing envuronments CAI BASIC word -

‘processmg and Logo The questions were ‘
(1) What was the experiential n_at‘_i.ire\for,t,h,e child in each of the four
eomputing environments? |
(2) What was the role of the teacher in each of the four computing
environments? #

(3) What was the nature of an autopoietic computing environment?

DESIGN OF THE STUDY : e

Selection of schools was-based-on the desire to observe the computing
environments CAl, BASIC, word processing and Logo. Ethnographic methods
were employed to gather the data through observations of students using
‘computers and interi/iews with students and teachers. The data were
analyzed for emerging themes and then reanalyzed within the orientation of

the theories of dissipative structures and autopoiesis.



A\
- DELIMITATIONS OF THE STUDY

This study is delimited to six classrooms with grade five and six
students as they parhcupated in computer related activities: Hunter School,
three teachers, one student; Queens School, one teacher, one student; J. P.
Henley School, one teacher, one student', Riverview School, one teacher, two
students; Eastside School, one teacher, three students; Mayridge Heights, one
teacher, two students.
"¢ Data collection is delimited to transcripts of interviews with teachers and

students and field notes of observations.

SIGNIFICANCE OF Ti-liE- STUDY
Principals and teachers are feeling the pressure to implement
', computers into the schools, but few edoo;tors have expertise in computer
technoilogy. This study provides a description of one person's implementation
of computer technology and offers a brief look into the lives of other teachers
as they used computers with their students. Four different computing
~ environments were examined as to how each supports the autopoiesis of the
student. This information may be useful for educators as they make decisions
regarding computek imple’mentation. ‘
Educators may also be introduced to a oew mefaphor with which to
describe educational activities. If reading the study causes readers to be
4perturbed so that they questlon their use of technology or educaﬂonal
methodologies, then the study is slgnmcant. Generalizations cannot be made

beyond the study, but perhaps this document can encourage third-order

coupling and co-drifting (see Chapter Two).



CHAPTER TWO
THEORETICAL ORIENTATION

"Traditional" education finds its roots in Newtonian thinking which gave
rise to the classical era in science: The world was seen as a composition of
minute building blocks or atoms which combined to make up the physical
universe. Atoms.and their combinations were inert and their combination or
separation, as well as their motion, was dependent upon an external force
(e.q. grav\ity, preséure, adhesion, etc.). Within the Newtonian framework,

- nature was studied and mathematical formulae were developed to express, in
symbolic form, the "laws of nature” (Doll, 1986a).

The metaphor devéloped that the world was a giant machine controlled by
the "laws of nature" and that all parts of the machine, including man, were
controlled by these laws. Basic to Newtonian thinking was the idea of
reversibility--what comes together can also be separated. Newtonian thinkers
searched for the facts to u.nderstand nature as they felt that should they
understand the laws of nature it would be possible for them to predict the
future and retrodict the past--a particular moment in time is the sanfwhether it
is in the past, present, or future "all other conditions remaining the same." In
this systefif chance plays no part; there is no room for spontaneity (Doll,
1986b).

Our present educational system develop’éij within a culture that was in
the midst of an industrial revolutibn imbued by the ideas of Newton. Students
are expeActed to learn basic "truths" as well as a iool kit of procedures which
provide the basic skills and knowledge leading to an understanding of the

"laws of nature”. The thought prevails that whatever exists can be measured

"
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and related to the normal curve. Quantification has played an important role in
evaluation of the learner and in research design. Science describes but does
not participate in the universal laws of nature and the right of an individual to
participate in describing these laws is highly restricted and reserved for those
among us considered to be intellectually elite. T,hose' happenings which do
not coincide with the universal laws are considered "flukes" of nature and not

worthy of serious study (Sawada & Caley, 1985; Doll, 1986b).

THEORY OF DISSIPATIVE STRUCTURES

Prigogine (1984) describes the Newtonian idea of science as a closed
system and although some parts may work like machines, that is only a srﬁall
part, and may not exist at all in reality. He attempts to point the direction of
science away\ from stability, conformity, and control in a direction where
uncertainty, disorganization, and instability are universal. Scientific
phenorﬁena to Prigogine are open systems, composed of subsystems,
embedded in the cultufe from which they develop with ideas continually
looping back and being reassessed by that cult;)re. The subsystems are
continu/blly "fluctuating” and at times these subsystems can become so
powerfLI that they destroy the organization of the system. At this point, a
bifurcg‘/tion point, the__ system will disintegrate or reorganize into a new system.
Thes% levels of organization are called dissipative structures. Prigogine
belie/,(/es we should turn our attention to the organization that can and ddes
occyﬁlr out of disorganiiation. "Classical science, the mythical science of a '
simble, passive world, belongs to the past, killed not by philosophical criticism
or empiricist resignation but by the internal development of science. itself"

(Prigogine & Stengers, 1984, p.55).



J
Prigogine (1984) bases his universal idea of science on the Second

Law of Thermodynamics which states that within nature there is a universal
tendency toward degradation of mechanical energy, entropy. The world is no
longer describéd as a machine in which energy is conserved and transformed
through a cycle returning to its original state but as a machine in which
transformations are irreversible. Within this metaphor, the giant machine is
running down but Prigogine and Stengers are optimistié that entropy is not just
a downward slide but, with the right conditions, can spontaneously create new
and higher levels of order. "Man's power to control his universe may be much
greater than ever imagined" (Dyson in Prigbgine & Stengers, 1984, p. 117).

Prigogine and Stengers describe three thermodynamic states for open
systems: (1) those that are at equilibrium within their environment, (2) those
near-eqUiIibriurﬁ within their environment, and (3) those far-from-equilibrium
within their environment. Within each of the three states reactions can be
enhanddd with catalysts or through cross-catalytic or auto-catalytic action.

(1) An equilibrium state exists when the forward and reverse actions of
the molecules equal one another and there is no further varation in the
- composition of the substance. Entropy production is zero. There is an
evolutionary movement toward equilibrium and when attained the initial
conditions are forgotten making this stateAirreversit‘)Ie.

(2) A near-equilibrium state is one within which interaction with the
environment causes the reactions of the molecules to be linear and
predictable. It is described as a reciprocity relationship between the
molecules of the different substances and in which there is minimum entropy.
It moves as close to equilibrium as its boundary. conditions in the environment

will allow.
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(3) A far-from-equilibrium state is a high entropy state in which forces in
the environment cause the molecpl/es to go beyond linear reactions to
reactions in which spohtaneousAIUctuations occur. When this happens, the
organization of the system dissipates (becomes chaotic) and there can be
evolution toward a new and qualitatively different organization. The system at
this time is at the bifurcation point and the structure to be evolved cannot be
predicted. The system either moves forward®o new order or disintegrates
and dies. The probability of a system being far-from-equilibrium is low, but it
does occur. Once the new state is reached, the system bacomes deterministic
and relatively stable (near-equilibrium) until another bifurcation point is

reached. Toffler provides us with a societal example of these three states:

.

Imagine a primitive tribe. If its birthrate and death rate are equal,
the size of the population remains stable. Assuming adequate
food and other resources, the tribe forms part of a local system in
ecological equilibrium.

Now increase the birthrate. A few additional births (without an
equivalent number of deaths) might have little effect. The system
may move to a near-equilibrial state. Nothing much happens. It
takes a big jolt to produce big consequences in systems that are in
equilibrial or near-equilibrial states.

But if the birthrate should suddenly soar, the system is pushed into
a far-from-equilibrium condition, and here non-linear relationships
prevail. 1n this state, systems do strange things. They become
inordinately sensitive to external influences. Small inputs yield
huge, startling effects. The entire system may reorganize itself in
ways that strike us as bizarre (Toffler in Forward of Prigogine &
Stengers, 1984, p. xvi).

APPLICATION OF THEORY OF DISSIPATIVE STRUCTURES TO
AN EDUCATIONAL SETTING - '
Sawada and Caley (1985) present the theory of dissipative structures

(Prigogine & Stengers, 1984) as a new metaphor for education. If we look at
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one subsystem within the educational system, that of the tra?jitionél classroom,
we would see members of that classroom, teacher and students, performing
their roles where the teacher teaches and the student learns. Everything runs
smoothly with information presented in a top-down manner to enthusiastic
students who demonstrate "knowledge” and proceed through the levels
according to a highly structured system of checks and balénces. This
classroom, highly prized within the traditional school setting, is at equilibrium.

More frequently, classrooms within the traditional structure would be
near-equilibrium as teachers "cope™ with problems and changes that tend to
disrupt the delicate balance. Educational innovations such as discovery
learning, new math, or enterprise tend to disturb the equilibrium of the
classroom. Although these educational innovations were eigiting at the time,
they have contributed minimally to the change of the overall educational
structure because the =ystem is dominated by powerful forces returning it to
equilibrium (Sawada & Caley, 1985; Doll, 1986).

Occasionally something will happen to take the system far-from-
equilibfium. To Prigogine the only state which. allows for spontaneous
reorganization of the system is that which is far-from-equilibrium. The system
responds in a non-linear manner to factors creating a state of turbulence or
chaos. At some-point, called a bifurcation point, reorganization can occur.
The form of the reorganization is qualitatively ditferent from the initiating state
and cannot be predicted. Once new order has emerged the system returns to
a near-equilibrium or'deterministic state until the next bifurcation point. An
education exémple of a qualitatively different state is given by Doll (1986) who
says it is time to move from a "measured curriculum” to a "transformative

curriculum®.  This new curriculum would focus on the qualitative changes of
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both teachers and students "as they engage in the cur{iculum: here
curriculum is being considered as a process cff engagement not as a 'course
to be run™ (p. 31-32). ‘
In far-from-equilibrium situations, the p;};t&ticipation of a role model in the
process of education functions as a catalyst ipﬂ}%&{e”Becoming" of students. At
o

first the teacher acts in a cross-catalytic mann‘é’ +but as the students progress

they can be auto-catalytic. "This is ,a;go&i@pul n)
B, N0 M

teachers must continuaily Becométheﬁguiﬁ%ﬁj)

4
WA

process of Becoming” (Sawada & Caley, 1985, p. 17).

THEORY OF AUTOPOIESIS

Maturana and Varela (1980) through their biological studies believe it is
not sufficient to study living systems using input/output or cause/effect modals.
Instead, they should be looked at as closed autonomous systems which )
produce or create themselves and are defined by the actions that produce
them not by the external environment. The name "autopoiesis”, derived from
autonomous, and "poiesis”, meaning self-creation or self-production, was
created by Maturana to provide a new word, witho‘ut history or connotative
diversity, with which to discuss living systems.

The survival of living systems, from unicellular organisms to
metacellular organisms and social systems depends on their ability to
maintain their organizatioﬁ. "They differ from each other in their structure, but
they are alike in their organization” (Maturana & Varela, 1987, p.47). In an
ever changing environment, autopoietic systems occupy a niche consisting of
all interactions through which they maintain their identity and teproduce their

basic organization. They receive recursive feedback ifternally by responding,



in accordance with invariant qualities that maintain the organization, to
perturbations which can or;ginate in either the external environment or from
within the system. It is the recursion or circularity that maintains the order and
in turn the circularity or recursion is maintained by the system.

Adaptation occurs when the living system makes structural
transformations while maintaining or conserving its identity. These changes
become evolutionary through the organism's ability to reproduce. The living
system ¢hanges structurally through “coupling”. with its environment.
"Structurat coupling is always mutual; both organism and environment

undergo transformation" (Maturana & Varela, 1987, p. 102).

...a conservation of autopoiesis and conservation of

_adaptation are necessary conditions for the existence of living
beings; the ontogenic structural change of a living being in an
environment always occurs as a structural drift congruent with the
structural drift of the environment (Maturana & Varela, 1987, p.
103).

Maturana and Varela (1987) describe three orders of structural
coupling: f
(1) first-order coupling; a unicellular organism couples with its

environment,
/
(2) second-order coupling; a metacellular organism, which contains
within its structure autonomous living systems, couples with the environment

as a distinct unit,

(3) third-order coupling or social systems. "When two é)r more
org'anisms interact recurrently, they generate a social coupling” (Maturana &
Varela, 1987, p. 206). Commun'!cative behaviors within a domain of ontogenic
structural coupling produce a linguistic domain. Through structural coupling

within the linguistic domain, human beings have developed language.
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Language developed through third-order coupling and it is through language
that thir\d-order coupling is recursively maintained.

As living systems couple with the environment, a "natural drift" occurs.
Both the living system and the environment vary independently but change
structurally in response to mutual perturbations and as long as the living
system maintains reproduction, the drift continues. To illustrate natural drift,
Maturana and Varela (1987) use the example of drops of water sprinkled at
the top of a hill. As the‘"drops move down the hill they repeatedly join together
with and separate from other drops. When they join together with other drops
“co-drifting"” occurs. Changes within the drop of water are congruent with
changes tom the surface of the Fill.

Perturbations are those factors which disrupt the equilibrium of the
living system. When the perturbation activates the system, a recursive process
occurs in which the system deals with the perturbation in relation to its own
autopoiesis. Perturbations may be genarated by the system itself. It is through
this recursive activity that the systam is driven further from equilibrium and the
opportunity exists for a new order or structure to develop.

There is a distinct difference between perturbations and inputs. Inputs
must be generated from the environment and the action that the system takes
in response to an input is compliance where the system: is left unchanged.
Response to an input is an output which is an allopoietic action. What is
difficult is that the responses to an input or to a perturbation may appear be
identical to the observer but these responses are qualitatively different to the
living system.
| As autopoiesis occurs within a system, some qualities are unaffected by

perturbations. These qualities which the system chooses to protect and
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support are the essence of the system and are known as the invanant

qualities,.

Man is an autopoietic system. Inthe words of Maturana,

Man is a deterministic and relativistic self-referring autonomous
system whose life acquires its peculiar dimension through self-
consciousness; ethic and morality arise as commentaries that he
makes on his behavior through self-observation. He lives in a
continuously changing domain of descriptions that he generates
through recursive interactions with that domain, and which has no
other constant element in its historical transfogmation than his
maintained identity as an interacting system. That is, man
changes and lives in a changing frame of reference in a world
continuously created and transformed by him. Successful
interactions directly or indirectly subservient to the maintenance of
his living organization constitute his only final source of reference
for valid behavior within the domain of descriptions, and hence, for
truth; but since living systenis are self-referential systems. any final
frame of reference is necessarily relative. Accordingly, no
absolute system of values is possible and all truth and falsehood
in the cultural domain are necessarily relative (Maturana in
Maturana & Varela, 1980, p. 57).

When autopoistic systems recurrently interact natural social systems
develop. These are the result of third—ordgr coupling (Maturana & Varela,
1987). The existence of an autopoietic sobial system relies on the continued
autopoiesis of the members and, in order that the nature of autopoiesis in the
larger social system be understood, it is necessary to understand the
autopoissis of the individuals from which tﬁ!'at social system developed.
Humans participate in social activities with others and enter into the domain of
others to the extent that their personal identity or autopoiesis is preserveq.
Membership is maintained in many social systems at one time.

Membership is also maintained in a hierarchial social structure. Beer

(Preface to Maturana and Varela, 1980) contends that any cohesive social

~



mstitution 15 an autopoistic system bacause 1t survives and that all social
systems are embedded in larger social institutions. In ordar that these largar
social institutions be autopoietic, they may reduce the autopoiesis of the
embedded systems. Although social institutions have developed naturally
their continued survival may depend on the rules and requlations which have
not developed naturally from the embedded systems. Human social systams
can be described as "mixtures of deliberate arrangements of man-planner-
designer, interacting with complex, spontaneously emerqing ordars” (Zeleny,
1985, p. 118). Once established, social systems and institutions are
essentially conservative and resistant to change with change occurring oniy
following change among the component members.

Through successful autopajesis individuals attain knowledge but that
knowledge is personal and private, existing entirely within the domain cf the
individual. Learning is a continuous process of Becoming, with behavioral
transtormations taking place in response to continuous changing and
synthesizing of the nervous system. These transformations are séoniar‘ecus%y

generated and cannot be determined in advance.

Learning as a process consists in transformation through
experience of the behavior of an organism in a manner that is
directly or indirectly subservient to the maintenance of its basic
circularity. Due to the state getermined organization of the living
system in general, and of the nervous system in particular, this
transformation is an historical process such that each mode of
behavior constitutas the basis over which a new behavior
develops, either through changes i the possible states that may
arise in it as a result of an interaction, or through changes in the
transition rules from sta'« to state. The organism is thus in a
continuous process of becoming that is specified through an
endless sequence of interactions with independent entities that
select its changes of state but do not specify them (Maturana in
Maturana & Vareia, 1980, p.5).
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If autopoietic systems are closed, how does this relate to Prigogine's
tHeory of dissipative structures which describes three stages of open systems?
Prigogine's open systems are described as such because they find their
momlentt'Jm or energy from environmental forces. Autopoietic systems are
closed in that they are autonomous and self preserving but they can be at
eéjuilibrium, near-equilibrium, or far-from-equilibrium and, therefore, open, in
relation to the envirofiment. An autopoietic system that findsr‘itself far-from-
‘equilibrium with the environment may choose to make changes in order to
maintain the invariance which is the autopoiesis of the system. |

| inan attempt to bring dissipative structure theory together With
, autdpoiesis, general systems theory in psychotherapy describes "flux
equilibrium" as the selected opening and closing of boundaries. Living
systems have permeable boundaries which open to receive energy or close to
Reep out excessive input. When the system is cldsed, it receives information
(input) and assimilates it within the internal structure of the §ystem. When the
system is open it receives energy (perturbaions) and maké;s accommodations
to that energy within the system. Opening and closing are not good or bad but
_ complementary processes whereby the system survives and grows (Durkin,
1981). |
APPLICATION OF THE THEORY OF AUTOPOIESIS TO AN
EDUCATIONAL SETTING -

Sawada andAPothier (1988) feel that autopoiesis can serve as a .
theorstical structure through which to describe educational settings. If we are
in a constant state of Becoming, methods of analysis of cause/effect o

relationships are inappropriate. Recursion is a nonlinear process
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incorporatihg multiple horizontal actions within the closed living system.
Students and teachers are subsystems within the nested hierarchial social
systems of education. If the classroom is a spontaneous social system which
assists and supfﬁqrts the learning of students, (i.e., the atmosphere of that
‘classroom is such that learning is encouraged) then the learning will, in turn,
support and enhance the atmosphere of the classroom. In this classroom the
basic circularity enhances the autopoiesis of all members. | |

To maintain the autopoiesis of larger more removed social systems,
controls may devélop which inhibit the autopoiesis of the individual members
from which that social system was formed. These higher order social systems
may have orig: .ted spontaneously but strii~tiral changes within have shifted
the autopoistic activities toward mainten 1e larger system rather than -
maintaining the autopoiesis of the indivic oers or members of
embedded subsystems. When this occurs, members of one system may view
another system as allopoietic. For example, students in a classroom where
the teacher attends to curriculum, téaching, and controlling behav.ior rather
than learning may respond in aﬂopoietic ways such as "playing the game",

.~striving for grades, and so on.

Autopoiesis when used in‘c&onjunction with the theory of dissipatiye
structures focuses attention on the underlying and often hidden actions whiqh
control how the system will react when facgd with perturbations from the
environment and from within the system itself. The theories of autopoiesis and
dissipative structures will serve as an orientation from which'to analyze my

observations of six computing environments.



CHAPTER THREE
METHODOLOGY

The problem of this study evolved through my experiences in the
classroom and the design of theprocess by which information was to be
gathered developed from the ques;tions to be answered. The process used
satisfies the four criteria of good natUralistic educational research described

.by Hamilton (1983) who contends that recognition and attention be paid to; (1)
the social interactions between teachers and students, (2) learning as a
’coritinuous interactive process, (3) classrooms being nested in other social
organizétions, and (4) thoughts, feelings, attitudes, and perceptions of
teachers and students as valuable sources of data in addition to observable
actions. |

Ethnographic research is a recursive process. Spradley (1979)
identifies five ethnographic research tasks in sequence but indicates that they
must all go on at the same time. They are (1) selecting a problem, (2)
collecting cultural data, (3) analyzing cultural data, (4) formulating
ethnographic hypdtheses, and (5) writing the ethnography. "Before going on.
to any new phase of research, the ethnographer must go.back and collect
more cultural déta, analyze it, formulate new hypotheses, and then repeat
these stages over and over again® (p. 94).

In studying a bomputer anvironment, one attempts to put a stop-action

| on a 'system that is continually evoiving.. What the observer sees is é reflection
of the recursive changes that téke place during autopoiesis. Descriptions
based on these reflections can indefinitely increase the complexity of the

observer's cognitive domain (Maturana in Maturana & Varela, 1984).- Through
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observation the researcher sees that part of the niche (class of interactions
that can be entered into without losing identity) which intersects with the
environment and which is compatible with the cognitive domain of the
observer.

An observer may describe a system as "allopoistic” or as being created
‘or produced by others because of an incompstibility between the observed
system andhthe domain of the observer. Allopoietic systems exist‘}énly in the
eyes of the observer. If a biological systé'm is allopoietic it dies. Social
systems that inhibit the autopoiesis of the component members are
oppress‘ive‘.‘ Systems which are forced to participate in larger systéms can
feign-certain actions in compliance with the larger system, but when the
control is removed the glayacting stops. Observations are not sufficient to
distinguish betwee gu poietic and allopoistic acts as the observed bghavic.
in these situation§ may be identical. The research must attempt to view the
behavior within the autopoiesis of the system.

When the observer attempts to transfer descriptions to others, s/he
should be aware that language has evolved naturally through autopoiesis to
reveal one's own cognitive domain and was not designed for the purpose of
transferring information. Knowledge cah\éniy be transferred to the extent that
the listeper understands and accepts that knowledge into his/her life space.
Thought processes are encoded within the domain of the author and decoded
within the domain of ths"g;e;xdér. Communication is largely assimilation of
input within closed boundaries. h

Should members share a locsl enclave their boundaries open and

conversations occur. A conversation is a series of recursive interactions which
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serve as perturbations to the participants (Sawada & Olson, in preparatyion)
driving them to a state far-from-equilibrium.

Knowledge evol%esﬁnaturally within man. Analysis will not teach us
about the real world but man's descriptions of his world can serve as

perturbations to the autopoiesis of himself and of others.

THE SETTING |

Thirteen elementary schools were initially visited to get an idea gf the
types of computer activities occurring within each school. Four categofies
emerged: computer assisted instruction, word processing, programming in
BASIC, and programming in Logo. Generally schc;ols designed their
Computer Literacy program around at least two of these categories. | Six
computer settings were selected which would provide a variety of student
experiences to observe. |

Three types of computers were being used. ur of the six settings,
computers were housed in labs. In one setting a si..;ic computer remained in
the classroom full time, and in another, the computers were moLmted on carts
and moved into the classroom at specified times. The numbers of computers
_ranged from one in the class to twenty-two in a lab setting. By selecting six
computing environments to study | was not able to study indepth any one

particular environment. But to answer my questions, | felt it was necessary to

observe a variety of settings.

THE INFORMANTS
The students who | met, observed, and talked to about their computer

activities were sometimes selected by the teacher, based on their ability to
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engage freely in conversation; or at other times the student just happened to
be at the computer when the observation took place. Ability levels ranged
from students who the teacher considered "slow" to those attending special "
enrichment classes. The study was limited to students in grades five or six. At
least one student and oﬁen several in each of the six settings were observed
at the computer and interviewed. This report documents the story of at laast
one student in each of the six settings. ’
Because the research questions bre'sented were based on my
experiences with computers in the classroom, I felt it was important that the
teachers in my study were comfortable with the technology and had
experience using computers with their students. bbservations were made of
the class in action. In five of the schools, the computer activity in which the

child engaged was under the direction of a single teacher. In the sixth school

three teachers were involved with the computer activities of the child.

DATA COLLECTION
OBSERVATION
As a researchar, | was aware that my observations and interpretations
were flavored by my own cognitive domain. By being a member of the
computing teacher community, | was likely unable to distingﬁish these
computing environments as clearly as an outsider could. "But work in your
own society teaches you how subtle differences can be, and also shows you
‘new depths of interpretation that you bring in as a comember" {Agar, 1980, p.
196). Chapter Four provides a reflection of my experiences which contributed

to the evolution of this study. Hopefully | have confronted my biases.
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Data for this study was collected during May and June of 1984. A
preliminary visit was made to each school to familiarize myself with the setting,
inform teachers of the project and to establish times for observations and
interviews. These visits were informal and serveq as initial entries into the
field, establishing a‘relaxed and comfortable rél/étigpship with the teacher.

| became a participant observer of students és they engaged in
computer activities. | did at times audiotape these sessions but generally
taping did not occur because either the class was too noisy or the student
preferred not to engage in much discussion.- | was sensitive to the fact that.
some students viewed my questions as interruptions and | recognized that
hands-on computer time was precious as a small number of computers were
shared by many children. | attempted to assume the role of a téacher who had
no experience with computers and was trying to make a decision about what |
should do with my own.class the following year. This role was accepted by
students who likely believed that most teachers did not have much computer
knowledge. However, it was difficult to rémain true to this role and not provide

assistance to students.

INTERVIEWS

Interviews with students followed as soon as possible after the’
classroom observation. The observation provided a framework for questions
which probed more aeeply into the experiehces the student had had with
corhputer technology. The research questions provided the umbrella for
question formation but specific questions also arose spontaneously from the
descriptions the students offered (conversation as a spontaneous social

system).
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Interviews with teachers were conducted foIIoWing the interviews with
the students. The teachers generally exhibited pride in their computer classes
and the accomplishments of their students and were willing to share these
with me: During these interviews probing questions were asked based on the
in-class observations and the interviews with the students. My personal
background with computers was known to the teachers and | was acquainted
with some of the teachers in the 'study through involvement in computer

groups or university courses. All interviews were audiotaped.

DATA ANALYSIS

Primary data analysis began while still in the field with the listening and
transcribing of audiotapes of student interviews. The observationsiand
interviews with the students provided the structure for the development of
questions for the teacher interviews. The teacher interview provided
background information on students, clarified a student responée, or further
revealed the nature of the computer environment.

After interviews were completed, second-order data analysis
commenced. During this ana&gsi\s all data were recursed upon with the intent

of bringing forth themes or invariants. Triangulation (Glaser and Strauss,
) g

| 1967) provided a process for recursively ravisiting the obs: 2 nns, field

notes, photographs, interviews with students, and interv: ~=chers.,
The themes were then looked at in reference to the probi: iated
the study.

Other teachers were having similar experiences tc
described in Chapter Four, but | still felt inadequate in desci. ;- | was

observing. Prigogine's theory of dissipative structures and Maturana and



24

!

Varela's theory of autopoiesis provided a structure for explaining what | had
learned during my study. The data were once again reviewed, this time
analyzed within the orientation of these two theories. A second reader who
was versed in these theories added credibility to the study by supporting and

adding to the analysis (Glazer, 1972).



CHAPTER FOUR - PART |
BACKGROUND TO THE STUDY: A PERSONAL HISTORY

Within the theoretical orientation of autopoiesis, | am a living system,
opening my boundaries to perturbations or closing my boundaries to inputs, in
the continual process of Becoming. The choice of research questions to be
addressed in this thesis are part of my autopoiesis. As a researcher, | have
reflected on my experiences and recorded a chronological report to provide
the reader with a sketch of a series of perturbations which have recurringly
pushed me far-from-equilibrium. By observing myself and documenting my
story, | feel | have come to grips with my biases. Throughout my story,
interpretations of the reflections are enclosed in square brackets.

In June of 1981, | was called to a meeting with the vice-principal and
principal of my school. The school had some money remaining in the budget
and | was asked, "If you had a microcomputer could you do something with it?"
| was stunned. There had been’some talk of corputers in the schools but to
me they had a mystical quality. | had no idea what was possible or would be
expected of me. | remember feeling very anxious, so anxious, that | went back
to them within a day or two and asked exactly what they did expect. | had all
sorts of visions of having to learn about this new technology and teach not
only the students but also the staff. | would have to go on my own without
curriculum guides or expert consultants. | was scared and felt that | might not
be able to handle this but they assured me that whatever | did and felt
comfortable with would be all right with them. With that assurance and the fact
that | believed they had shown confidence in rhy ability by choosing me, |

nervously accepted the challenge.
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Aithough it is impossible to recall the entire array of thoughts that
passed through my mind, | do remember considering the feelings of my family
related to the time commitment that would be required. In retrospect | must
have been somewhat unhappy with teaching because | felt if | became
knowledgeable in this area the door to a career change may open. 1 feit
computer technplogy was going to have a profound impact on society and,
therefore, on eduéation As a part-time teacher, | was concerned with
improving my chancs of .- iting a full-time position. My ego, too, was given a

boost when the administration asked me to become involved.

[As a living system involved in my own autopoiesis, the thoughts above
provide reflections of the recursive thinking in which | engaged as | dialogued
with myself dgaling with the anxiety that typically accompanies a new venture.
As recursion draws on all life's experiential knowledge much of the cognitive
activity that occurred did not take the form of reflection and was hidden from
me at the time. Also, with the passage of time, some of what was reflected is
not remembered. The acceptance of this new responsibility to take a
leadership role in computer technology for my school was a bifurcation point
in a far-from-equilibrium system. | was open to receive perturbations and |
recognized that accommodations made within myself would affect me and
other comembers of social systems such as my family, my classroom, and my
school. | was hopeful that changes made to my teaching career would be
significant.] *

| spent the month of August with the new school computer at home on
| my dining room table poring over the manuals. | remember struggling for
several days trying to get the machine to accept my blank disk but not having
figured out what "initializing the disk" really meant. Perhaps the most anxious
time was taking the components out of the boxes and assembling them for the
first time. | was sure that | would do something wrong and wreck this

"phenomenally” expensive piece of equipment. By the time school started |



27
could write two or three line BASIC programs, access programs on the DOS
disk and enter student names and beginning levels on computer
assisted/managed mathematics software. Hooray I had found a use for the
computer - it would take over the tedious chore of drill in mathematics and the
computer would provide motivation through its uniqueness, positive
reinforcement, and colorful graphics. | was quite convinced that students
would learn to program and would eventually program their own games. | was
also going to teach the students about compﬁtg?s so they could go into junior

high and high school armed with knowledge of this wonderful new technology.

[Having survived the trauma associated with becoming involved with computer
technology, things settled down to a more "normal” state (return to near-
equilibrium state). As | began to learn a little about computers | recursed into
the future to anticipate ways of incorporating this technology into the
classroom. My implementation plan developed from recursion with my
"knowledge" of educational practices, based on a fairly traditional background, ™
and my rather unimaginative visions of the future.]

September was exciting for both the students and myself. My math
class began using mathematics software and many "oohs" and "aahs" were
heard as they worked their way through the drills. They were very motivated
and competitions quickly sprang up between and among students to see what
level they could attain. Students asked to stay in at recess and after school. |
felt alone being the only teacher in my school involved with computers. Few
teachers in my school registered much interest. | noticed an ad in the
Edmonton Public Schools Bulletin for a meeting to take place at which a
teacher would present what she was doing with her students regarding

computer literacy. Off | went and tried to be inconspicuous, afraid that



someone would ask me a question and my ignorance "\()Qould be exposud. |
assumed that all these people had computer backgrounds and that | was
encroaching upon their territory. | understood some of what she said and
when the presentation was complete several teachers went up and spoke to
the teacher personally. | Bung back agéin but I did ask another teacher how
one could become aware of presentations of this type and | was eventually

introduced to the presenting teacher.

[This may have been a turning point or a bifurcation point for me because | felt
that | had stuck my neck way out. When | revealed to the presenting teacher
how little | knew and how much | wanted to learn, | received some positive
comments in support of my efforts. That teacher served as a catalyst to push
me further from equilibrium. Had she not had time or not shown some interest
in me, | may have moved back toward a point of equilibrium. | became
involved in meetings of this type and was astonished to find out that many of
the teachers attending were similar to me in their limited knowledge of
computers. Emerging here was the beginning of a natural social system. The
autopoisesis of the individual subsystems (teachers) received support through
the formation of interest groups (higher order social systems). These interest
groups were spontaneously generated by the subsystem with the autopoiesis
of the interest group being subservient to the autopoiesis of the individual
teachers who attended.]

At school the computer continued to be an exciting addition to the
program and we expanded to three computers. Mathematics CAl continued
and students began programming in a small way. A workbook approach was
used with students inputting short BASIC programs and predicting what would
happen. Modifications were made to these programs in an effort of solve
problems presented in the workbook. Word processing was attempted and,
although it was an enjoyable experience, the lack of hardware, limitations of

the hardware (inability of the computer to display text in lower case), and the
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clumsy nature of the software provided little opportunity for it to contribute to
student writing development. Although a computer literacy curriculum was not
yet published by Alberta Education, it ssemed appropriate to have students
learn about computers so they would be better prepared for a future in which
computers would serve an important role. While three students were antering
data on the computers the rast of the class engaged in activities threugh which
they would learn about computers. Such topics as the history of computers,
computers in the workplace, binary numbers, and computers of the future were
explored.

Student interest was high and what was Intriguing to me was that the
computer seemed to envelop students of all ability levels and even those who
were "turned off" by other subject areas. Small groups formed around the
computer as students worked together to solve problems. Students at their
desks were very aware of what other students were doing at the computer and
lessons would eften be interrupted by students oftering assistance to whoever
was at the computer. | was only about two lessons ahead of them and had
such little uﬁderstanding of what | was doing that | rarely could explain why
things happened as they did. | was no longer the authority but was sharing a
learning experience with my students. It was exciting to share with a child a
process for problem solving. In the past | had observed children solving
problems but because | knew, or was expected to know, the solution | had

rarely shared that space with a child.

[A new relationship between students as well as between teacher and
students was emerging. In this relationship, the teacher served as a catalyst in
the autopoiesis of the child through participation in and modelling of problem-
solving behavior. Students within the class were cross-catalytic to one
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another. This natural social system supported the autopoiesis of the
individuals (teacher and students).]

" Although interest level was high and students genuinely wanted tok.
learn about the computers, | was perturbed by their lack of understanding.and
inability to work independently when they went to the computer. It didn't seem
tl; matter how many times | explained things to the class when they went to the
computer most didn't know what they were doing. | wondered Why | was
wasting my breath but | did start asking myself if this was unique to computers

or did the students also retain so little from other lessons!

[Recursion within the computer framework produced perturbations within
noncomputer lessons. My experience within the traditional setting had been
that motivation for learning was the responsibility of the teacher and where
students did not respond, the fault fell on the shoulders of the teacher. But
-here, students were already motivated to learn and still my lecturing
methodology seemed ineffectual.]

The school term end::j with me enrolled in a.BASIC prograrhming
cofirse at s'ummer’s_essfq@”?tih.e Universj,ty of Alberta. Again | feit terror. | had
convinced myself that éﬁ”ﬁwe people taking the course were mathematics or
| hig_h school teache?s and that | would fail miserably but | télked myself intc;‘
taking the course because | needed it to help the kids. | met and became
friendly .Withvanother woman (there were not many) if'w-the 'classAanbd thoroughly

enjoyed both lectures and labs.

[Another bifurcation point occurred with respect to grades for the course.
Because | lacked confidence in my ability to learn about computer technology,
the grade | received was extremely important. Had I not done well on this, my
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first course in fourteen years, | may have closed my boundaries and moved
toward a state of equilibrium. With closed boundaries, | would not have
pursued further courses at the university and most certainly would not have
decided to enter the Master's program. '| see here the powver of grades to
influence my boundaries and encourage or discourage turther learning. |
wondered if it was the same for my students.]

Toward the end of that school year, an impromptu visit of a professor
from the Faculty of Education resulted in his submission of a proposal to study,
at my school, computer assisted instruction in mathematics. Student

technology, and teacher reactions to implementation were] we focus of the

achievement in mathematics, student attitudes toward matgﬁematics and
study. When the 1982 - 83 school year commenced, | was the inschool

resource person for the research project funded by Alberta Education (1983).

4

[The door had opened and | now was working full time with part of my salary
funded by the project.]

The computers, now numbering five, were spread out throughout the
school with studenté from grades two to six engaged in approximately ten
minutes of computer drill in mathematics per day. My role changed to one of
acquiring hardware, software, and instructing teachers in its use. | observed _
the daia collection, analysis, and writing of the research report and some of

the mystique o hat goes on during research was wiped away.

[This research project provided catalytic action and pushed me further from
equilibrium once more. A rather hazy decision to pursue further study at the
university came into view and | applied for a sabbatical. It's interesting to note
here that during the following year few teachers at the school continued to use
the computers for daily practice. The computer was once again used as a

4
£
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reward for those students who had completed their work. The project had
served as an input to teachers with information being assimilated but not
becoming perturbational. The system returned to equilibrium.]

During this, my second year with computers, | took another BASIC
course at the university and although | enjoyed the challenge of creating
educational software | realized that élementary students were most certainly
not going to create arcade type games. A friend introduced me to Logo and |
became inf%u@_by/th@ philosophy of Papert. | began having my students
explore Logc. |was irﬁpressed by what | obser\ied. Students assumed a new
indépendence. Once they had a basic understanding of the primitives to
produce screen graphics, they ventured out on their own. Students still
consulted me when difficulties arose but now my advice or suggestions were
at times accepted and at times rejected and yet the problems were being
solved to the satisfaction of the students. The students took control. | felt that
"something" was happening because of the introduction of first compuiters and
then Logo into my class. "Sbmething" was happening to the students but

"something" was also happening to me.

Q

[Through seif-reflection, | began questioning the traditional teaching style | had
clung to throughout the years. Was my role as a teacher to give knowledge or
to facilitate the child's learning? | questioned whether the computer.
application of drill and practice, supported by the research project, was one
which | wanted to support. Were electronic worksheets the best way to use
computers in schools? The philosophy of Logo (see Chapter Four, Part |l)
plus my classroom experiences previded energy for me to engage in recursive
thinking @bout tmmpu%umage. | wondered if other teachers shared similar
thoughts and experients. The research questions of this study evolved from
these conversations | had with myself.]
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CHAPTER FOUR - PART 1
BACKGROUND TO THE STUDY: COMPUTER TECHNOLOGY

In 1977 the first microcomputers appeared on the market and since that
time we have seen a rapid movement toward implementatibn of ]
microcomputers into the schools in two basic V\}ays; (1) students learning
about computers and (2) students learning with computers. Much has been
written about what students should learn about computers (Moursund, 1981,
Leuhrmann, 1982). This area of study, has become known as "Computer
Literacy". In Alberta a computer literacy curriculum was published in 1983
emphasizing, at the elementary level, awareness of computer technology. The
recommended topics were; "(1) How computers do their work, (2) How to use
a computer, (3) How to make computers work for you,‘ (4) How computers are
used and what they can do for you, and (5) How computers affect our society"
(Curriculum Guide for Elementary Computer Literacy, 1983, p. 8). BASIQ |

(Beginner's All-purpose Symbolic Inst . Code) was the progrémrﬁiﬁg‘_ S
Iangu_age with which fnost microcomputers came equipped. Many edUcatdrs,
as part of their Computeﬁ Literacy program,vintroduced BASIC programming to-
their students. |

In recent years, the focus of the elementary computer program has
turned from one of computer literacy to one of integration of the computer into
the curricuium (Sa\)ill, 1986). Educators recognized the véIUe of using .
cbmputérs as pért of the curriculﬂum'to assist in educating the child. Probably
the most widespread use of the computer in the elementary school wés and
continues to be computer assisted instruction (CAl). As hardware capabilities

have improved, so too has the quality of software. CAl has acceptahce among
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educators as an aid to student learning. Research reveals some interesting
results beyond academic achievement. One study done in Israel reported that
disadvantaged elementary students using CAl for mathematics attained higher
scores on achievement tests and had rﬁore positive percéptions of school life
(Mavarech & Rich, 1985). Another study found that CAl experiences in
mathématics and rgading over a two year period developed an improved
attitude in the area of academic self-confidence, especially with special
education students (Griswold, 1984). Johnson & Johnson (1985) report,

Cooperative learning with computers (compared with competing

with others or working independently at the computer) promotes

more and better work, more successful problem solving, and

higher performance on factual recognition, application and
problem-solving (Johnson & Johnson, 1985, p. 11).

In the samé article Johnson’ and Johnson also indicate that cooperative
computer learning has an especiaﬁy positive impact on females.

More recently, computer literacy has begun to be replaced by the
teaching of produCtiVity tools such as word processing, data bases,
spreadsheets and graphics software. What bettér way to prepare students for
the fufure than to have them use the power of a computer to more accurately
and quickly produce jobs previously done painstakingly by hand? Productivity
software has been effectively used to integrate computer technology into the
curriculum. Teachers can create a data base, spreadsheet, or graphics
design for students to interpret or students can be asked to use the software in
a creative problem soiving cohtext (Schiffman, 1986).

Word processing has been used to have students develop skills and
positive attitudes toward writing. Bank Street College of Education conducted

a study that revealed students could "assimilate the technology and apply it to
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their model of composing™ (Kane, 1983, p.22). Jacobi (1986) reported positive
results in terms of attitude and behaviors of special education students but
testing failed to produce evidence of improved writing skills. This result is not
surprising considering the learning difficulties of the students, their limited
keyboarding skills and the time devoted to the study. Christine Adams (1985)
found when she taught composition to high school students using a word
processor that too much time was lost on functional problems with the
computer. Donald Graves speaks positively but cautiously about word
processing. "l think marvelous things can be done with the computer as a
word processor - if it's in the hands of someone who really knows writing"
(Green, 1984).

Papert (1980) envisions a society in which computers enhance
cognition and humanize society. He and his team workers at the Artificial
Intelligence Laborato.ry and Laboratory for Computer Science at
Massachusetts Institute of Technology developed Logo, a programming
language for use with children, which he hopes will serve as a model from
which will "grow a new education culture" (p.209). Papert sees a Iearnmg
envuronment in which children will learn, using computer technology, powerful
ideas of science naturally much as they learn to talk.

Papert, who studied with Jean Piaget for five years before going to MIT,
was influenced by Piaget's study of genetic epistemology. "Piaget's
epistemology is concerned not with the validity of knowledge but with itsbrigi‘n
and growth” (Papert, 1980, p.163). Knowledge dévelops from within as the
individual engages in making sense of the world‘. Children develop theories,
sometimes considered incorrect within the adult world, which provide ah
explanation of the world within the cognitive domain of the child. Traditional

~
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education tends to ignore this theorizing of children but Papert believes that
when children theorize, they "flex their cognitive muscles" and the theories
form a framework on whiéh to build further theories. By fashioning learning
environments on the discipline rather than on the child's spontaneous
development, traditional education risks intimidating children and making |
them feel incompetent (allopoietic act) when they are unable to understand
adult theories. Through participation in a "microworld" (niche), children will
learn naturally by relating what is new to something they already know and
then make it their own to play with or build something new. Even during the
initial introduction of Logo the syntonic nature of the language encourages
students to use knowledge of their body to "talk” to the turtle.

Logo is itself a "microworld" but it can also be used by creative
individuals, teachers and students, to fashion other "microworlds" within which
the child can explore and learn. It could be used to teach traditional
curriculum content, but Papert (1980) sees it as a "vehicle for Piagetian
learning” or "learning wi;hout curriculum” (p.31). Learning in a microworld
without curriculum does not mean that children will simply be left on their own
but, instead of all students being taught in the same structured sequential
manner, they will be allowed theﬂfreedom to explore within the self-created
boundaries of the microv;/orld. |

In Papert's microworld, students take over control of their own learning
and in doing so the role of the teacher drastically changes. Much less time will
be spent on keeping records and grades and much more on collaborative
learning. A new relationship between child and teacher emerges as tﬁe child
realizes that the teacher is a learner too and that we all learn from ovur

mistakes. Traditionally the teacher and student work as separate systems and
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atterﬁpts at collaborative situations are usually theatrical because the material
was already known and understood by the teacher, but in the Logo
-environment teacher and child work together as one system, each
contributing, thinking out loud and sharing in the problem-solving process -
"the teacher does not have to pretend not to know" (Papert, 1980, p.115).

Emihovich and Miller (1986) contend that where positive outcomes
have resulted from the teaching of Logo it has been not because of the Logo
language but because of the process of instruction or the type of discourse in
which teachers and students engage. Based on Vygotsky's (1978) beliefs that
"higher order mental capabilities” develop first extérnally through socialization
and modeling from adults or peers before they become internalized, ‘\
Emihovich and Miller étudied the social interaction between teacher and
students in a Logo setting. Questions teachers asked were often of a
metaprocessing type (eliciting questions, evaluative questions,'and planning
questions) which encouraged children to think about their actions and
verbalize their thought processes. These externalized thought processes are
grédually internalized as children engage in task oriented social interaction
with adults or more knowledgeable peers as they learn Logo.

In the Logo microworld, the compufer provides a mirror whereby the
child sees the reflection of his thinking process. Through these reflections
children can learn "to think about thinking and learn about learning and in
doing so, enhance their powers as psychologists and epistemologists”
(Papert, 1980, p.23). During debu,ying the child looks back on mistakes to
determine the error in thinking and in doing so becomes familiar with his own
personal‘style of learning. Once aware of gne's style, it is possible to reflect

on that %;y,le in a perturbational manner. Papert notes some resistance to
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debugging and suggests that this is a carry-over from traditional teaching
methodology in which errors are considered "bad". Debugging encourages an
acceptance of errors (perturbations) and by studying our mistakes we can
con%e to understand the problem better.

Would not BASIC do as well? Papert (1980) says no, that programs in_
BASIC require a mathematical sophistication beyond the abilities of most
students. BASIC established widespread use when microcomputers lacked
the sophistication of today and is now an archaic phenomena, continuing to
be the backbone of highschool computer programs even though other
languages may be more appropriate.

Papert (1980) believes that Turlle geometry becomes a bridge to%olya
and development of the problem solving abilities of children. Polya's (1957)
four basic steps for problem solving are: (1) understanding the problem, (2)
devising a plan, (3) carrying out the plan, and (4) checking the result. These

rovide a framework for both child and teacher in the search for solutions. The

/fecursive nature of Logo encourages heuristic problem solving, where the
child understands the whole picture through recursion to the parts often by
using analogy or induction. Successful problem solvinQ is an emotional
experience beginning with a desire to solve the problem and requiring v
perseverance, patience, and concentration. Polya (1957) would criticize a
traditional mathematics class where students have no interest in solving the

\) problems assigned as this would deprive students "of the most vital point"

which is the opportunity to become familiar "with the varying emotions of the
strugglé for the solutio]n" (p.94).

Will computer technology be pérturbational to the system of education?

John Goodlad's (1983) extensive study of schools reveals that in most
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classrooms the teacher dominates and students sit passively. Gary Bitter
(1986) feels that computers may have the power to encourage students to

become active learners by forcing teachers to vary their methods of instruction.

Ironically, the most attractive aspect of computers in education
should be that there is simply not enough money in most schools
to provide one for every student. Think about the implications for a
moment - not anough money to give a computer to every student!
This means that teachers who wish to use computers have a
limited number of options. They can have students in small groups
use the one or two computers housed in the classroom. They can
use the computer in an activity center. They can use the computer
for a whole class activity. Or they can reserve the computer lab, if
one exists in their school, so that each child has a computer, if only
for aday. These are but a few of the many options. But these, and
many other similar options, require teachers who wish to use
computers to restructure their classes (Bitter, 1986, p. 16).

The introduction of computer technology into my classroom had been
perturbational to my teaching role. | wondered what students found so exciting
about using computers. | wondered if other teachers were experibncing
perturbations as they incorporated computers into their classrooms. The
findings of the study presented in Chapter Five are the results of my attempts
to reveal what was happening to students and teachers as they became

T
involved with corﬁputer technology in the schools.



CHAPTER FIVE
FINDINGS OF THE STUDY

The study attempted to observe teachers and students in a variety of
computing environments and have the teachers and students reflect on their
interactions with one another and with the computer in those settings. Six
computing environment were selected for the study based on information
received during preliminary visits to the schools. Criteria for selecting the six
computing environments in this study were: (1) the focus of the particular
computing environment, (2) the number and location of the computers, and V(3)
the expertise of the teachers.

Through telephone contacts and informal visits to schools, it seemed
that four computing applications; CAl, word processing, Logo and BASIC (also
called Computer Literacy) were representative of what was happening in
elementary schools at the time of the study. Environments selected were, at
the time of the study, or had earlier in the year, engaged in one or more of
these four applications. v 'A

Two schools had the computers in their classrooms, and four scho%ls
had a lab setting. The numbers of computers ranged from one in a class to
seventeen in a lab setting. The ratio of computers to students ranged from
1:25t0 1:1.

The teachers of these classes had some expertise with computers, but
due to the rapid changes in technology, the particular applications which |

observed were often in their first year of operation.

40
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In this chapter, six computing environments will be presented. Schools
and computer applications are: (1) Hunter School - CAI drill and practice, CAl
problem solving, and word processing; (2) Queens School - CAl drill and
practice and BASIC; (3) J. P. Henley School - BASIC; (4) Riverview School -
Logo, CAl problem solving, BASIC and word processing; (5) Eastside School -
Logo and word processing; (6) Mayridge Heights School - Logo and word
processing. Quotes from interviews with students and teachers aid the
description of each environment. To facilitate fluency, extraneous words have
been eliminated from quotes, however, care has been taken to ensure
meaning was not altered. Comments have been added to the quotations to
assist with meaning. These comments are enclosed in {} brackets.
Interpretations within an orientation of dissipative structures and autopoigsis
will be included in square [] brackets. Further interpretation will be presented

in Chapter Six.



HUNTER SCHOOL: ANDREW

Andrew was a grade six student at Hunter School, a member of a class
of forty-four students with core subjects being taught by teams made up of
teachers, Mr. Watson and Mrs. Powaell, and Assistant Principal, Mr. Cummings.
Mr. Cummings was knowledgeable about computers while Mr. Watson and
Mrs. Powsll were relatively inexperienced. The computer lab, containing
seven computers, was housed in a small room adjacent to the library and the
class was allotted times in blocks of about one hour per day for one to three
months. Andrew had participated in four different activities throughout the
year: CAl for a social studies unit, CAl in mathematics using Milliken Math
Sequences, word processing on Bank Street Writer, and a research project

using Gertrude's Puzzles and Rocky's Boots.

CAl - SOCIAL STUDIES

Andrew showed me the social studies software which consisted of two
parts. In the first part there was a menu frbm which the student selected areas
in which questions would be asked (eg. climate, position in the world,
mountains, lakes and rivers). The second part of the program was a test with

questions generated in a random order.

{Mr. Watson} We rotated all of the grade six students, in pairs, through
during social studies period cwér a time of two to three weeks and when
they felt they were ready they 16ok the test. At the end of the unit they
were given time to review. The program was designed so that they
could call up any one of the sections on the menu and review some
parts they weren't sure of. | thought it was very very motivational for the
kids and it was a nice alternative to doing the geography just in the
classroom, you know with atlases and books and so on. It was partially
review but it also expanded and extended the concepts that we had
studied in class. They seemed to have a fairly high retention of the
facts. 1 think it brought out a competitive nature. The computers are all
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in the same small room so they were kind of able to keep track of where
their neighbour was and what percent their neighbour had scored on
each of the little quizzes. So they were a bit competitive and seemad
very vary motivated. Even the students that probably wouldn't, or in
other types of activities in the classroom wouldn't, have been very
interested in doing it. It seemed to aim for mastery. Almost all of them,
unless they had 100%, wanted to redo the test, which is a bit unusual,
although occasionally they will elect to do that on a classroom written
test as waell.

{Mrs. Powell was less positive toward this activity.} 1 think it was al! right
for some of the students but | don't think it was the answaer for
everybody. |don't think there was that much learning that took place.
{When studaents were} working with someone who was really sociable,
they let thaggerson take over. | am just thinking of the poor students
that don't rég@My do well in anything, Bank Street was better because
they were-ggtheir own.

. S

‘»

[To Mr. Watson good results (retention of facts) were achieved through a "bit"
of competition. The observer cannot enter the cognitive domain of the chiid to
determine whether striving for "mastery” is linked to acquiring the intended
social studies content or whether it is linked to some other factor (i.e., student
self-esteem). Skills and knowledge focused on in an autopoistic "mastery
learning” environment would be perturbations in a recursive process bringing
more meaning to and receiving meaning from skills and knowledge learned
previously. In an allopoietic "mastery learning” environment the child would
view the skills and knowledge as input to which he produces the correct
response. If the child attains "mastery” in competition with others, to feel
successtul within the larger social system (classroom), the child has
maintained his autopoiesis, but the learning activity has been allopoietic. Mrs.
Powell spoke of "poor” students allowing stronger students to take over. The
students coupled in this social system maintained their autopoiesis and
supported the autopoiesis of the larger social systems of the classroom and
educational system by relying on the "stre~qt~s" of one of the component
members. Students produced results throug: cooperative rather than
collaborative behavior.]

CAl IN MATHEMATICS
This grade six class used the computers for CAl in mathematics for two
to three months between Christmas and Spring Break. There was one person

per machine and they worked on Milliken Math Sequences, Addition and
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1
% .
Division. Students $tarted at approximately level twenty on addition and when

Andrew reached level forty he was assigned the division disk. | spoke to Mr.

Watéon about the assignment. He explained that different levels were not set

for individual siudents.

{Mr. Watson} We didn't do it that way because the levels that we set
were fairly adequate for most or maybe all of the students. | can
certainly see that'being done. A lot of the practice programs available
now have that capability and | think given the one.on one situation that
a computer gives, that it is certainly something that could be taken ,
advantage of.

{Andrew said he liked doing math on the comouter} ...espec iy when
the computer rewards. | feel really good whe~ t e computer rewards. .
They (students) try and work hard and get up to the higher ievels.

{Mrs. Powell questioned the value of this drill and practice activity.} |
wonder about the Milliken becauseyl have seen zn awful lot of
conversation geing on in there and | think that they could probably be
producing a lot more in twenty minute or fitteen minute period than they
actually do. Like it's timeout from the classroom too. : -

[I feel it unlikely that Andrew, an enrichment student, would need to practice
addition. As an observer, | feel, Andrew has participated in learning activities.:
where his responses have been allopoietically controlled by directions of the
teachers and by the structure of the software, The conversation, viewed
negatively by Mrs. Powell, may indicate that ‘students are complying reluctantly
to the controls of the system by using it as a "time out" from the classroom ]

_—CAI - PROBLEM SOLVING

w“u ‘r

/./ Andrew was also a member of an enrichment class Wthh exp red

/ problem solving software, Gertrude's Puzzles and Rocky's Boots I o})served

Andrew using Rocky's Boots. He worked through a sequenqg Df’EXGl’CISGS o ff‘f
learning knowledge required for a final activity which allowed Andrew to bund

T
7 v?

B
K
L



45

iy

machines of his own. Andrew thought it unlikely that he would want to repea‘t'

the sequenced activities but the final open-ended activity appealed to him.

{Andrew said he preferred to work on Rocky's Boots or Gertrude's
Puzzles rather than CAl in social studies or math or word processing
because it was} more like a game. You get to build your own machines,
which is great, and after that Rocky comes up and rewards you:

{Mrs. Powell} They really enjoy the open-ended activities, creating their
own programs and systems on that. Eeryone of them was really
positive. They really couldn't wait to go back the next day and we did it
every day for about six weeks for an hour. |think that if you are going to
work on the computer, work consistently through a long period of time.

I

[Both Andrew and Mrs. Powell were positive toward Gerrude's Puzzles and
Rocky's Boots. Within the scope of the software, Andrew was able to control
his learning (autopoiesis). Recursive thinking was encouraged by the
flexibility of the software. He could re-enter the sequenced activities at any
step and the final activity of building his own machine was open-ended. In this
computing environment the child and the computer software couple,
independent from the teacher. The students in this enrichment class had
access to the computers for an extended period of time. The success of this
enrichment activity has been perturbational to Mrs. Powell. Through reflection
on other less positive experiences, she seems to feel an ingredient of a _
- successful computing experience for students would be sufficient time at the
*computer.] :

WORD PROCESSING
»  Students were instructed in keyboarding and word processing before
. beihg given an assignment to put on the word processor. The writing was

e
begun in the classroom and then put on the word processor.

{Andrew} | sometimes come in with it half written and then type that all
out and then continue from there and then print it out on the printer and
then correct the mistakes and x them out on the Bank Street Writer and
then print it out again. | read through it once and try to see all the
mistakes | can figure out and then | give it to the teacher. | prefer (o start

!
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writing it out with nothing at all. If you have to change a lot of it, you can
easily change it with the computer.

{Mr. Watson} [ think | found them being a bit more conscientious about
their punctuation. When they could see how the word looked in print, |
think it was easier for them to see that it was misspelled because it
doesn't look like their own handwriting and they don't take it for granted.
When you read your own work over you always see what you want to
see rather than what's there. Maybe (in the future) we will be able to
concentrate more on research and functional and creative writing rather
than just getting things down legibly on paper. [ think it may have
resulted in a little bit better academic effort with one or two students. |
would say that a certain amount of enthusiasm for writing was helped
along by using the word processor.

{Mrs. Powell} Wae had a lot of practice typing the first two weeks. We

really enjoyed that. | feel that there was more motivation in typing than

the Bank Street. Students were able to prepare three things on Bank

Street in the time allotted. Word processing takes seven away from

your regular program and it wouldn't be the same seven. Some would
finish in 10 minutes and some would take 30 minutes and it is difficult
because we have a music switch and | was trying to carry on with
language arts and-of course the slow kids in language arts were also
slow on the computer and it was very difficult to keep track of them and
all their assignments. The teacher is away at the other end of the hall
and there are seven kids down here and you can't be too quick, but our -
librarian aide is very good if they get sidetracked on not knowing what
to do. Mind you the kids help themselves too.

[Writing, editing, and revising is a recursive préicess. Andrew finds the
computer a helpful tool to facilitate the writing process. The reflections of Mr.
Watson's recursive thought processes are revealed as he speculates about
how computerrtechnology may affect the writing process. Writing expert,
Donald Graves, comments: "It is true we can publish without a computer, but
the capacity for making multiple copies and the clean-looking print will make it
more seductive for the student to keep going, to keep writing and publishing"
(Green, 1984, p.21). Can word processmg facilitate co-drifting between |
teacher and student" ;
%@ Mrs Powell however the word processing activity is approaching a far-

. trom-equilibrium situation. She.is unhappy about the physical separation of
the' computers fram the classroom and seems concerned about "keeping
track” of her students. The music switch, too, complicates the movement of
students. The fesling of responsibility Mrs. Powell has for supervision of
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students as well as scheduling problems within the school are constraining
issues brought about by the larger social systems within which the computing
environment is embedded. A word processing environment which nurtures an
autopoistic writing experience for children depends for survival on its ability to
promote third-order coupling between teacher and student. In Hunter School.
the distance between teacher and student, during word processing activitiss,
restricts coupling. Perhaps Mrs. Powell's support for keyboarding (CAI drill
and practice in typing) was a response to her disillusionment of word
processing in an inadequate setting. Mrs. Powsll may choose to close her
boundaries to word processing and return her language arts class to
equilibrium.

In the absence of the teacher, students have coupled with one another.
Perhaps, in time, students helping students in the computer room will become
perturbational ta Mrs. Powell as it was for me.] -

v
WL

GENERAL COMMENTS
Andrew commented about which computer application required the

most thinking:

{Andrew} If you start off easy with Rocky's Boots, it is about@issame as
Milliken Math. With Bank Street Writer you have to think ot yt# own
stories and stuff and it takes a little more thinking than Rocky's Boots.
And the social studies unit is mostly if you have learned the other stuff
that you reviewed before. So I'think the Bank Street Writer would be
the most because you have to think of things. 8

Mr. Watson was generally pieased that the computer usage in Hunter
Séhool was moving towards integration. Mr. Watson spoke about the

changing role of the teacher.

{Mr. Watson} It's definitely a different role. For me it's a role-that | kind of
enjoy as a change because you get to sort of be someone that the
students consult rather than someone that is leading them through
every little step of their learning process.

N

Mrs. Powell thought the students should be learning something about

the computer, programming or learning Logo, so that they would be in control.

%
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Mr. Cummings spoké generally about the program at Hunter school

and about the future of computing in the schools.

{Mr. Cummings} Well for my experience, | find computer activities to be
one of the most cooperative areas that | have seen students work in. |
don't notice competition, | notice cooperation. If somebody has a
problem or something, somebody gets up and helps him.

When we started out it was CAl and that is still okay but it is not the
more important thing. Computer assisted instruction is falling further
back all the time. It's an important use of computer but it is not as
important as computer literacy, problem solving and word processing.
We have to get away from teaching as though we were still in the
industrial revolution and we have to say that we are in the information
revolution. | thihk the information that we tend to disseminate has to
decrease and we have to teach them how to acquire info¥mation. The
student has access to the information that they need to do whatever it is
they want to do, in consultation with teachers.

My intention was to do some computer literacy - we never got around to
that this year. | would like to get the school on some kind of network
system so that the students can appreciate that kind of possibility. 1 will
continue to look for good software and continue to encourage word
processing. | am still fairly sensitive to doing things with students on the
computer at the exclusion of some other students.

I think it's unfortunate that we have several groups of people trying to
deal with'‘computers and how tljey fit is{oathings and that's pretty
frustrating. We have had three years ofa lot of stuff happening in
individual schools and | think it is time to kind of decide on a direction. It
could come from the School Board or it could come from the '
Department of Education.

[For Andrew, the learning activities which best supported his autopoiesis were
Rocky's Boots and word processing. ‘It's interesting that he felt word
processing required the most thinking. Perhaps this is because the process of
-writing is open-ended whereas Rocky's Boots is open-ended only within the
structure of the software.

Mr. Cummings seemed to be uneasy about the inequity of computer usage in
the school. (Only the enrichment students were using Gertrude's Puzzles and
Rocky's Boots.) Although not addressed specifically by these teachers, one
wonders it "low" students will spend a disproportionate amount of time doing
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CAl drill and practice (allopoietic) activities while "high" students spend more
time on open-ended (autopoietic) activities such as word processing or
problem solving.

The feelings of teachers at Hunter School are mixed about the computing
applications students participated in during this particular school year. Mr.
Cummings desires more specific direction from School Board or provincial
authorities. Perhaps good things can come from this lack of direction. As
these teachers struggle with decisions about the use of computers in their
school, ideas which support autopoistic learning situations are being
discussed. For example, students controlling their own learning, teachers
becoming consultants to students, and collaborabive learning among
students. The experiences of the teachers may become perturbational and
through coupling become cross-perturbational to other members of the
teaching team.]
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QUEENS SCHOOL: ANNE

Anne was a member of a grade six class at Queens School taught by
Mr. Duncan. The lab was equipped with seventeen comiputers (Fifteen were
of a type that had only small memory capacity.) and one printer. The
computers were arranged in an open "U" shape. Two different computer
applicatidns were observed; (1) CAl - drill and practice during a "math centre”
class and (2) programming in BASIC during a computer literacy class. The
area in which the computers were housed had been used as a "math centre"
for the previous four years. The computer application was in its first year.

Y

MATH CENTRE - CAl DRILL AND PRACTICE

W

The students were arranged in groups: two groups sat at tables doing
worksheets and two groups went directly to the computers. When the students
with warksheets were finished and had corrected their work from a key, they
were allowed to go to thé computers to play math games or do Milliken Math.

| Two students, at the co ters with limited memory, caught my
attention. One boy was typing in thie answers before the questions A me on
the screen. All were correct and'the computer just kept flashing butfcould no‘~
make out the screen. The other boy was typing in any answer to see how

high he could get the negative score at the end of the game.

2 :
{Anne} The cdmp: ters are fun all the time but the class can get boring.
Like math, you're ;. <! sitting there trying to work out math problems.
Here it's fun. You r.zve challenges to work out the problems and in
math you're just sittirz there looking at math problems until you're

bored with it. {The o= - ~ce is} sometimes they give you a time limit.
You don't know whz ;¢ -aectfromit. It's kind of interesting and you
getalittle captionup ~~  ‘op, "wow" or whatever and it's kind of neat.

{Anne commented abou: aking errors on Milliken Math.} Well it's kind
of embarrassing because it takes its ime. You get this big red x and

¢
“"\/
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everyone is looking at you. {In class} you just mark it wrong and that's
the end of that. It's most embarrassing becausae it stores it, right, and
then | get it on my report card. {When it helps} it does it really slowly. |
wish it would just hurry up and go on to the next question without
everyone staring at the screen.

{Mr. Duncan} Initially they will line up to do drills and thoroughly enjoy it
because it is a novel way of doing it. If they were to do math drills day in
and day out the novelty would wear off very quickly because the ~

. computer doesn't know when to push the kid. It doesn't have
consequences to it. *

I don't think they should be used to get rid of discipline problems or
those kids that could do with being closely monitored. | think often the
kid that most need that completely individualized attention, the last thing
he wants is a computer. It doesn't talk to him. He needs people. The
last thing you want to do is to make him even more anti-social.

{Mr. Duncan didn't think the math drills encouraged competitiveness.}
No more than peer pressure does. It may provoke a little self-
competition particularly because of the time sequence.

{l asked Mr. Duncan about the two boys | had observed in math centre.}
You are always going to get a kid that beats the system. As far as ay
computer is concerned, as long as it keeps getting them right or wrong, _.~
there is no consequencs to it.

[In an autopoietic learning situation both correct responses and errors trigger
perturbations within the cognitive domain of the learner. However, Anne
would like to disassociate herself from error-making as error-making is
incompatible with how she sees herself as a learner, or how she wants others
to see her. The protection of her "public image", causes error-making to
become embarrassing and she wishes the computer would “just hurry up”. In
the classroom she quietly separates herself from errors by marking them
wrong and forgetting about them: In this allopaietic learning environment, the
child conducts a divorce within herself, separating the mathematics which
could be learned from her cognitive development.

The boys who were as Mr. Duncan described "beating the system”, were able
to maintain their autopoiesis within the controlling influence of a larger social
system. The activity may have been viewed As too hard, too easy, or
uninteresting, but whatever the reason, theﬁboys closed their boundaries
and escaped. Autopoiesis cannot be denied.
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Mr. Duncan does not believe that computers will be the answer for students
with learning problems as they may make students more "anti-social”. His
comments suggest a belief that these students need to engage in third-order
coupling with others who can support their autopoiesis.]

COMPUTER LITERACY - PROGRAMMING IN BASIC

At the beginning of the computer literacy class, Mr Duncan, stood in the
"U" and passed out disks. When everyone was ready, he turned on a power
bar that controlled all the computers. The students were programming, in
BASIC, two assignments which required them to apply content learned
throughout the year. The first as;ignment was to have the computer accept an
input (user's age) and then output the age that person would be in the year
2000. The second assignment was to create a menu for an imaginary
~restaurant (McDuncan's Computerized Restaurant) which would allow a user
to input any number of hamburgers, fries, and drinks and the program would
outpui the total cost. " If they were able to solve the problem as described
above, they were to add their own enhance.ments to it. A mathematical
equation was required to manipulate the input and the colorful graphics
background was created by using symbols on the keyboard. The assignment
was to be marked by’ Mr. Duncan with ten marks for solving the problem and
five additional marks for extras added to the program.

Students were seated two to a computer and there seemed to be an
excitement in the room as they worked on their programs. As difficulties arose,
the students .would raise their hands and Mr. Duncan would come to them,
look at what they had done, and/oﬁer suggestions. {Although there was
considerable discussion between partners, there was very little discussion

from one pair of students to the next. | observed during the class that Anne

-
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and her partner, Sara, put their binders between their computer and the one

next to them on either side.

{Anne showed me her program.} It was fun. Me and Sara did it. She's
my partner. It's not bad.

{She liked working with Sara.} Well say | get mixed up while I'm
working, she can figure out what | did wrong or she can do the typing
and I'd read. It's faster. When I'm away, she can work on the program.

{I asked about the binders between the computers.} It's kind of a race.
We want to get Mr. Duncan over here. We did it first type of thing. It's a
challenge.

{Anne commented about mistakes made when programming.} |got
these numbers mixed up and when | ran it later it wouldn't work. The
program was only half done, but it was a really nice program and it
really got me angry atit. | started over and | did it.

{Anne thought she would get a good mark on her computer
assignment.} |get a six out of ten in class. Like they're okay. | don't
usually worry. | get six to nine. | don't usually get perfect but | don't
usually worry about it, but | like my computer mark a lot. | don't like
any*hing low because | could do better on it. | don't know. I find it
easier.

{Mr. Duncan} Computers provide a mental challenge that can be used
after the initial instructions that the teacher gives them in teaching
BASIC. It's a problem solving device. It teaches the kids to think
logically and they (computers) are pretty stern task masters. There is no
room for mistakes. It is either right or wrong.

{Students created "extras" for their programs using the preprogrammed
graphics on the keyboard of the computers used in this setting. Mr.
Duncan commented about this.} There are so many right answers. A
kid can change the colour screen by using the code command and he
can change it by using the reverse and a space bar. One is not better.
One is more simple, uses less memory.

You (the teacher) are still really doing the same things you would do in
the classroom. The difference is in the initial stages of computer literacy
it is all teacher output. Itis exhausting because it is continual ouput
until they get used to the idea of seeing what they can do and starting to



think. As they become more and more competent, then your role
changes to one of an aide.

{Mr. Duncan thought the reference to marks was a spin-off from the
classroom.} Funny because | haven't marked them and not one of them
have asked me to. | push that as a class. Marks are very important.
Whaether they like it or not, they are important. They like to feel there is
some sort of evaluation because they, themselves, put a value on it.
They need to know that their work is going to be judged because if they
don't it makes it meaningless. They like to see a mark because they
use it as their own yardstick.

{Mr. Duncan has difficulty evaluating problem solving.} That's why 1.
haven't marked it. They are getting the satisfaction of working on tfe
assignment and they have worked on that for ages. There is a self-
satisfaction. You can tell that because they are dying to show me their
progress. K

4
Grading is something we have tb get away from but | don't know how
because in everything, someb6dy hangs a percentage on it. There are
a couple of girls that are not logical at all. One of them is just finished
the program today but you should have seen the smile on her face.
She's six weeks behind everybody else but she solved something. You
want them to perceive the course as meaningful throughout, but there
are kids that will not do anything without somebody saying, "Okay, I'm
going to evaluate." Because of their background environment there is
no expectancy to achieve and so they don't.

'
A

[Controi is moving from teacher to student. The teacher specifically
determines the mathematical components of the progrgmming assignment,
but the students control the graphics component. In contrast to the CAI activity
where Anne boundaried errors, Anne in this environment, embraces the
errors. She becomes "angry” with errors but persistently works toward a
solution.

Mr.Duncan recognizes the "self-satisfaction" his students have toward
problem-solving in BASIC, but he holds firm to formal evaluation as a tool to
motivate his students. The experiences we had as students and those we

have had as teachers within the larger educational system which mandates

the use of grades contributes to the structure of our system of perceptions.
Perhaps the observations Mr. Duncan has made of his students who were
"dying" to show him their programs will become perturbational to his system of
perceptions. The competition between partners for teacher attention may be
residue left from the classroom in which marks are emphasized.]
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J. P. HENLEY SCHOOL: RYAN 1 v
Ryan was a grade five student at J. P. Heﬁley School. Students in this

class participated in a computer literacy course which incluged instruction in
BASIC programming. Five computers on rolling tables were positioned at the
back of the classroorh along'the wall. The teacher, Mr. Moors, introducgd a
problem and then five students at a time went to the computers for abo.:zt one-
halt hour. The rest of the class was working on non-computer activities which
could be done fairly independently. During the class, Mr. Moore spent most of
the time at his desk working with individual students. He explained that he
purposely planned seat work activities when the computers were in the room
so that he was available for both groups. - felt that a maximum of seven
computers could be handled in this particula: setting. Sov

_ The focus at the time of the observation was problem solviné&n‘dw
students were attempting to créate "string dtg\ggs using high resolutio;w
graphics.‘ When Mr. Moore visited the comeuté?area, he helped students by
telling them, "I'll give you a little clue,” and then letting them try to reach the
solution alone. | observed among these students a determination to solve the
"string design” problem. Generally they programmed each line of the string
design separately and when a pattern emerged, they would delete the lines

and write a new, shorter, program using FOR/NEXT loops. Once the problem

was solved the rest of the time could be spent experimanting.

{Ryan} We have been doing a bit of literacy work, like typing these
programs that the teacher gives vou, like see what it does and then you
write down the output. Then, later on in the year, we went into color
graphics.

“Five kids get a half hour and like you try to do as much as you can in
that half hour. If we have periods for a whole day we could get about ‘
two turns in a day for a week.
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You can do lots of things. Like you can make nice patterns on the
screan. Making designs is easier to do on a piece of paper but when
you are doing it on a computer, you have to type in all these statements
and sometimes it doesn't work and that's the challenge about it. {When
it's finished} | want to run and show it to all my friends. When someone
gets a program, and it js really neat and everybody likes it so everybody
is wanting to see it, 'Hey look at what | did!' and it disturbs the whole
class. {Sometimes students} bug you and say they can do a better
program than that junk. Some programs are pretty good, but | have had
some programs that aren't that good but | don't admit that it is not good.

Before, earlier in the year we had to make the computer count to a
certain number and then stop and | had trouble with that. It didn't bother
me thatmuch though. {It would bother him more to be unsuccessful in
his other subjects} because you don't want to fail a grade in school and
you have to try to do your best. The computer is extra, but we still have
to learn about the computer too. If we want a good job when we grow
up then we have to know a bit about computers because the economy
has all gone to computers.

{Mr. Moore} I've tried to work through all the five questions put through
by Alberta Education; what a computer is, the use of a computer, etc. In
the early part of the year, for example, since | am working with BASIC,
we looked at learning a number of BASIC statements. It takes quite a
while to get to the point of being able to solve probloms with a
computer. | try to keep a discovery approach even in the eariy stages 8\‘ ‘
learning about the machine and about BASIC. AR . :

{When they were working on the mathematlcs problems} there were " ,
some kids that had difficulty although 1 think the problems they were
attempting were difficult. They often had to recognize a aumber pattern;” -
let's say a square number pattern or a- tnangle numbér pattem and

then write a program. | felt it was a fairly htgh level type of problem

solving for kids. But surprisingly, a number of,them still got it, but | felt
more might have got it if | had changed tkfe fder. -

{Mr Moore felt the "string art" was easxerbecause of the} visual effect of
what is happening. Whereas the numbar., problems remained as an
abstract idea. {With the "string art"} they had something visual to
connect to right away and as a result, they:got-information much more
quickly as to whether they were on the righit track or not. Sa there are
little clues for them along the way that heip them stay longer, to persist,
to get the final solution. Whereas in theit:other problem solving work,
they may only realize that they are fingll :at the solution when they get
it. | am more apt to help them all the way at ¢ertain points, but since the
focus was on problem solving here, | try to gwe them that one more step

R
B
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that might make them reach the final product by themselves and | leave
them alone.

When a student is at his desk and runs into a problem, for example in
math, he has to wait until the teacher has time to get to him. When
children are interested in something and have to wait too long for help,
they lose interest. They can make errors at the computer and don't get
embarrassed because there is nobody personal there looking over
them or laughing atthem. They are free to make mistakes without
feeling humiliated.

{Mr. Moore commented about a boy | had observed struggling with the
"string design” problem.} | remember him sitting there and not asking
anything and he did not have too much accomplished, but | kept an eye
on him and it wasn't the next period, it was two computer turns later that
he finally put everything together and then he came to show me. He
had the problem beaten and was he happy.

{No specific computer literacy mark was given.} Students get the feeling
of doing well from information as they are writing the programs rather
than me coming and saying in my evaluation that they deserve this
mark.

[/t the time of observation, thls computer literacy classroom, for the most part,
was an autopoistic social system. Mr. Moore and his students coupled
intermittently as Mr. Moore offered "clues” to help the students solve the
problems themselves. The structure of the autopoistic learning situation
depends upon the exchanges between teacher and student. The computer
can at times substitute when the teacher is not available for coupling.

Mr. Moore said that it took "quite a while" to be able to solve problems in
BASIC. Extensive access to computers (sometimes an hour a day) facilitated
students in this class going beyond learning BASIC statements to solving
problems.

Mr. Moore's observations of his students solving graphics and non-graphics
problems were perturbational with recursive thinking resulting in a decision
that a structural change (doing graphics before the mathematics problems) in
the computer literacy system would help facilitate the autopoiesis of his
students. Mr. Moore supported student independence and the immediate
graphic response to an error became perturbational to the student,
encouraging student control and persistence. Ryan, and the other boy in the
class who | spoke to Mr. Moore about, axperienced pleasure as they were
able to solve the problem. Although Ryan recursed on the nature of his
programs that were "not that good", he refused to display the results of his
recursion to his classmates but instead protected his public imags.
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Mr. Moore's decision not to formally evaluate problem solving: seems based
on his value of the recursive process within the child that is not revealed

through observations (reflections) of the problem Iwaé behavior. Ryan .
separated his computing experiences fMIar schoel work. Perhaps
- this was because it did not appear as a e subject on his report card.]

e
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RIVERVIEW SCHOOL: BRENT AND SCOTT
Brent and é&;ﬁ erg students at Riverview School where there was a

computer in each of the division Il classrooms and one available in fhg

|

division | wing of the school., 4 o \“Rt's grade six class, the computer sat at the

back of the room and was P8d with a modem, prinfer, and graphics
tablet. On the wall behind the computer a chart s.hdwed the times when each
of the students could go to thé.‘computer. Early in the morning, three or four
kindergarten children identified as "bright" came to this class for enrichment.
The computer ran from morning to night. Students generally worked alone. |f
something was difficult or if someone was trying something new, another
student could serve as a tutor.

Mr. Locke, the grade six teachet, believed the computer should be in
the classroom and strongly opposed uprooting kids and taking them to
another room. He said the one computer in his classroom was their (students)
computer. He would prefer to haQe more computers in his classroom.

“ The computer program consisted of computer literacy (main frames,
and mini and microcomputers, ROM, RAM, chips), lowfeSolution graphics,

word processing, high resolution graphics, teliecomm_unications, and Logo.

BRENT -

Mr. Locke introduced me to Brent who was attempting to produce a
pictUre of a Macintosh computer using Logo. l-observed Brent on two
occasions about ten days apart. On the first occasion, Brent was writing the
procedure for creating the Macintosh design as one long sentence. On the
second occasion, he was. using miniprocedures and adding them to a

superprocedure but was still not using the same procedure more than once.

¥
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Between my first and second vigits, Mr. Sullivan, a friend of Mr. Locke had

given Brent some pointers on“’L‘(.)go. Mr. Locke's expertise lies with BASIC.
' &

{Brent - | asked why he liked working on Logo.} It makes me feel pretty
good that | know how to do it. It makes you feel better that nobody

» hardly knows about it but you. It makes you really think. {Mistakes
while doing Logo don't bother him.} No, you just have to think a little

. harder how to do it. Well Logo is just for fun but math is for work and

makes you kind of get'upset when you don't get too good in math. |
would feel kind of upset because you need a good education to pass -
through school and go to college. . B

{Brent commented about word processing.} It's good for typing out -
letters and different things. You can see if you're doing a paragraph and
it isn't ight you can learn to fix it. {Brent referred to Bank Street as ,
"reading” and felt that it required the most thinking,} because you have
to read it, proof read it, and think it over.

{Low resolution graphics} . | like it because you can do Pacman,

Frogger. Graphics is like Logo except Logo has skinnier lines.

Graphics has little squares, so it comes out like little square

Pacman. {Brent didn't think graphic required much thinking.} All you

have to do is put PLOT whatever it is on the screen. You have a little

graphics paper. It has 1 to 30 here, 1 to 30 there. The you just figure
. out where it could be. 5 to 1, or something like that, and you make a dot

there and keep on going.
Like,computers can teach you lots and when you go to Jr. High they »
have all computers and you can learn quicker computers.

{Mr. Locke} Brent is a below average kid and he got into this thing. |
brought out the Macintosh W | 'said to him, "Here do that in Logo." 'We
. allowed him how to do all tfie different procedures and he caught onto
" that and he developed his own little routines for moving and everything.
He was really excited about that. He worked for a good month.

The )

[Brent, a below average kid, became intrigued by Logo possibly because he
found it to be non-competitive and non-threatening. "Low" students have
difficuity maintaining their personal worth within the larger social systerm which
praises academic achievement. Brent's Logo experiences have been
perturbationally supportive of his internal structure because he feels he knows
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something the others do not. Intermittent coupling with his teacher and Mr.
Sullivan support Brent as an autopoietic learner.

Brent speaks of Logo being "just for fun" and math as being "for work". In an
autopoietic learning system, both pleasure (fun) and work recursively nurture
the system.]

SCOTT }
| briefly observed Scott playing'a game called Thinking with Ink, a
progrém on Problem Solving Stratégies from MECC, and later discussed with

him other computing experiences he had during the year.

{Scott said the object of Thinking with Ink was to} color the maps for the
cheapest price and that's a lot of fun and you have the top ten and it's
fun because there's big maps and different colors to color the map with.
It's sort of a challenge to do it the cheapest. When you're finished, you
feel good because you did. something that no one else has done.
{Would he be interested in doing Thinking with Ink again?} 'Ya, I'd try to
get all the top scores or the first and the second.

{Scott commented about word processing.} It is easy to use and if you
make a mistake it shows you how to get out of it. If you put in words you
don't want to use you can go to the erase menu. You can learn how to
write things easier and correct them easier. It's neater and if you want
to change something you can just go to the program and make the
corrections and print it out again.

{CAlin math} The math wasn't very hard but the challenge was to get
the correct answer before they get you.

{Graphics} | felt good because | thought it looked neat and my program
was reaching just about two thousand, going by fives. It's fairly easy to
correct the mistakes. It's more fun to correct at the computer.

{Scott compared using the computer at home and at school.} At school
you learn more than you would at home. At school you're being taught
to use it and at home you probably would'be working out of a book or

what you discover on ybur own. '

s

_ B
W {Mr. Locke} What | do every year is start with a very BASIC computer
literacy, just to kind of brush up the kids that have really never had any
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exposure to computers at all. Then we go into low resolution graphics
just to give the kids a little line number programming expertise, being
able to SAVE, etc. Then we go into the Bank Street Writer, not the Bank
Street Writer anymore, we use Writing Workshop by Milliken and we
have them do reports on the computer, research reports. They do their
outline on the computer, do their report on the computer and the
enthusiasm from writing their first report was much greater when they
did it on the computer. Then we go into high resolution graphics, PLOT,
very simple things like that but just to give them an idea of the difference
between the two graphics. We have done telecommunications. The
kids are familiar with logging out the Source, getting information from
Associated Press. It gives them the idea that a computer is used for
more than sitting down and doing local things like drill and practice and
word processing, etc. They have a link with the outside world now. It
gives them a whole new idea about computers that they didn't have
before and | think that is important in grade six too. It's a general
exposure to computers and | don't put any pressure on them at all. |
have that one display up that has low resolution graphics, Logo, and
BASIC sheets and if they chdose to do whatever they want then it is fine
., with me, but everyone of them are up to a good working level of BASIC.
. They are not advanced by any means but they have got the first five or
six steps. To end off the year, | brought out my games for the first time.
So they have been playing ga for the last two weeks because they
have done a super job on the cdMputer all year and they are familiar
with the computer and | think it is going to be noticeable when they go
to Jr. High from this school. -

The low resolution graphics is marked and they are given an exam after
the computer literacy. The report written on the word processor is
marked only for content. They know the inside and the outside (of the
computer). They have a goocd general exposure to microcomputers.

*r‘

[Thinking with Ink is CAl problem solving software which encourages recursive -
thinking for some students who wish to see, or feel they are able to get, their
"names up in lights". ‘ :

Scott feels positive about learning more at school because he gets taught at
school. Scott learns, not from being taught, but from information becoming
perturbational to his cognitive domain. At school many opportunities for
coupling exist with students and with the teacher. The social nature of a
school encourages coupling which may be perturbational to the components
of the system. : :

Mr. Loc'r_<é has incorporated computer ‘cechnblogy within his class keeping the
system in a near-equilibrium state. He recognizes the role of the elementary
- classroom withir the larger educational system and prepares his studerits with
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a "good general exposure” to be successful in Junior High. The activities he
has chosen for his students are ones in which the students of this age can be
successful. Mr. Locke encouraged the students to be in control of technology
by speaking about the computer as their computer, by using the computer to
get up to the minute information from the Source and Associated Press, by
making them aware of many different computer applications, and by providing
the opportunity for them to choose what area they wished to pursue.



EASTSIDE SCHOOL: BRYAN, CORY, AND SUE
- Bryan, Cory and Sue were members of an enrichment class of five

ﬁ};?ade six students at Eastside School that met for one hour each week for a
)5;riod of three months. Earlier in the year an enrichment activity for grade six
had focused on word processing with Bank Street Writer. Some of the same
students attended both sessions. Enrichment classes were held in a small
room adjoining the office with a machine for each student. Mrs. Preston was
the enrichment teacher.

The focus of the class was problem solving. Students were presented
with problems which they solved and then developed Logo designs to
represent the solution graphically. Problems were of the type: What are the
total number of squares on a checkerboard that is 8 X 8?; What are the total
number of bricks in a pyramid with a basé of "n"?; If a farmer had 14 animals
and the number of legs were 44, how many pigs and chickens would there
be? They also developed Logo procedures for tangram pieces which wers
later arranged to form tangram pictures such as a bear, a whale or a man.

Mrs. Preston designed the class in response to the desires of the
children. On a questionnaire‘ students ipdicated that they did not want to share ,,
a machine but that they did want to work oh the same problem. Logq was
new to these students and primitives were introduced by Mrs. Preston
informally as needed. The only formal instruction occurred when students
were taught how to use the editing features of Logo.

On the day of my visit each student was busily attempting to create a
pictdre that Was ¢ posed of shapes of atangram. They each had a set of

tangram pneces that they could manipulated into the desired shapg

these tangram plecgs,they had written the dimensions of,the,,,sh

\ R4
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worked Mrs. Preston circulated among them providing assistance where

necessary or where requested.

BRYAN

{Bryan enjoyed the freedom within the computing environment.} Wall,
Mrs. Preston lets us do whatever we want and sometimes when we
make a mistake it looks really funny. Sometimes it can be really fun for
kids and they might work harder doing that and it really helps educate
them better. ’

{Bryan preferred working "solo" in the classroom but in the computer
room he said,} Well with the computer it is actually a totally opposite
case. | like working with other people. | just prefer to work with
somebody else on the computer in case | find something that | don't
know. They might know it and we can help each other.

{Bryan spoke about what kids can learn in different computer settings.}
Well in BASIC, they can learn almost anything, like spelling, math, and
graphics - whatever the person programmed the program to do. Word
processing's sort™of like L.A. - like you are editing and making stories
and making poems. Logo is mostly design and thinking a lot. It keeps
your mind working. :

{Mgs. Preston} Bryan is a very meek boy. He is a very bright boy and
school is not difficult for him but coping sometimes is difficult and so he
runs into frustrations. This has probably been his.best year in school.
He seems to really have gotten hold of his moodiness. He used to be
mean to the little kids and he has been much better. He has gotten-a lot
of things worked out. He has;a good rapport with his homeroom

“teacher and he and | have made out really really well but | know it
hasn't carried through in some of the other areas.

{Mrs. Preston told me of the day Bryan digressed from the group
assigned problem and decided it was necessary to fill a square.} It was
totally off topic that day but was a delightful side trip for us and we all
then spent a whole hour working on what he had discovered and, of
course, that made him feel just super super good. His discovery was
really truly neat. It was something that | would never have taught them
this year. | would never have approached it because it wasn't in the
area that | was looking.

{Mrs. Preston described another occasion when Bryan struck out on his
own. The group was working on the problem of the chickens and the
pigs. Squares and triangles were being used by the other students to -
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represent the animals but Bryan insisted that his chickens and pigs
looked like chickens and pigs.} He has this silly little thing that really

~truly looks like a chicken and he spent probably a whole hour making
that chicken so that he could then use it in the problem. The rest of the
kids would have said 'Make a square or make a triangle, that's it.' The
triangle can stand for the chicken and the square could stand for the
pigs, but Bryan had to fuss over it and he was, in that way, able to do his
own thing and | think he has found that really satisfying with the
computer. He can go off on his tangents and do something that others
appreciate.

{Mrs. Preston commented about word processing.} When they start out,
the kids in word processing are probably every bit as keen. They have
something new to learn and they are enthusiastic. But when | got to the
end of my four months, they were willing to quit.

[Bryan seemed parturbed by the lack of precision in the graphic
representations accepted by the other students. Perhaps the support he
received from the teacher and his peers when he digressed to fill the square
served as a catalyst to move him further away from equilibrium encouraging
him to attempt to produce a chicken that looked like a chicken.

Perhaps students are less enamoured with word processing because they
view it as more language arts. Would enthusiasm remain high if worg
processing was part of the ongoing structure of the writing process within the
classroom?

One wonders if the computer atmosphere where Bryan can go off on his
"tangents” (has control) has contributed to the improvement in his aggressive
behavior.] :

0
b
c;‘;{‘.’_ 5

CORY

{Cory also enjoyed the computer enrichment, class.} You get away from
the crowded classroom atmosphere and have more of a fun time. In the

+ classroom it's mostly discussing going on and ip the computer room
you don't have to discuss unless you have a problem. In the classroom
we start each morning, we review everything. ;It’§ okay, but sometimes
you get too used to it and it gets boring. It's as/miuch fun in the
classroom when we are working on things. When | solve a hard
problem, | feel pretty good because | can keep on going.
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{Mrs. Preston commented about Cory's behavior in the tangram
project.} He is willing to give the others, sort of a little bit grudgingly, |
guess, but he is willing to give the others his things. He doesn't want
anyone else's. |f you loaded it on his disk, he wouldn't use it. Didn't
even want to bother loading it, whereas the others were willing to share
their things and still it would be their picture as they are putting it
together. It is not that he is going to let his assignment be less sffective
in the end because he programmed four different shapes. Nobody else
had four. He took those shapes and has done two pictures with them
which is more than anyone else has. So you know he is a worker.
"Why bother with someone else's things. | have got anough of my own
to complete the assignment.” -

*

[Autonomy and hard work are structural components of Cory's organization as
a living system. Although he was encouraged to share with others in a
collaborative type of learning experience, he chose not to participate. The
social system, by accepting his personal learning style, has supported his
autopoiesis.] '

SUE

{Sue commented about her Logo experiences.} | started off on my own
and then my friend was having problems so we started to work together.
It kept getting frustrating because it never worked but you thought that it
should but it didn't. | didn't really want to give up because | knew we
had it before so we just had to find out what we did with it. Mrs. Preston
tries to make you solve it yourseif and if there is a real problem she'll
help. {Sue felt "relief* when the problem was solved.} We were glad
that we could actually figure it out. We had an open house and we
showed it to all the people there because we were kinda proud of it.

{Sue commented about BASIC and Logo.} The Logo commands are
rather easy. There is about 10 of them at most and then for BASIC
there is just so many you have to keep a book and look them up.

- {Mrs. Preston} The girls share back and forth so freely. |think they
share back and forth with most things, like houses and sleepovers and
the whole bit.

Sue was stuck so | said, 'Fine, | will give you some help.' because |
realized the problem was hard. So | sat down and worked on a method
with her. | came back 15 minutes later and she wasn't even touching
what | had given her. What | had talked to her about, | guess, had just
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popped another idea for her and she decided she had to try her method
and see whether it would work. She never touched what | gave her and
it wasn't that she didn't understand what | told her either. You know,
she wanted to apply something else in her own way. <

{Mrs. Preston also spoke of the difference between BASIC and Logo.}
They are determined to go their own direction with Logo. Things that
really appeal to the Logo kids is that they can adapt things and still
make something out of this whole thing and lots of times their mistakes
are really fantastic learning and are more exciting than the original
project was. They can get really neat things by the goofs in their work. |
found that Logo is different than BASIC because the problem can only
be solved in one or two very similar ways with Basic. It can't be solved
in this multitude of ways. If | were still doing the computer literacy
program here, | would still teach BASIC because | think that BASIC
meets different needs for the children. There are some of the kids that
like the rigidity of just going through it. Logo is much more open, much
less structured, to me than BASIC. When people say to me, 'What are
you going to be doing in three weeks?'. | can't tell them because the
kids influence what | do with them much more than they did when |
taught BASIC. When | taught BASIC | knew what was coming next. You
know it was all set out, and still is, in my mind. Just the method that |
would use, not that everybody uses the same one, but for me | had a
structure there. k1 Logo | thought | had a plan, but it keeps getting
changed. So that is probably one of the big things, that | have become
more flexible in what | do with the students.

[This Logo computing environment supports the autopoiesis of the students.
The social system of the enrichment class was a creation of adult members of
the larger social system of Eastside School in response to perceived needs of
these students. By designing the structure of the class around input from
students, Mrs. Preston has encouraged a feeling among students that the
enrichment class emerged spontaneously. Once established the autopoiesis
of the component members (teacher and students) supports and:maintains the
autopoiesis of the social system (enrichment class) and the autopoiesis of the
enrichment class supports and maintains the autopoiesis of the component
members.

Component members engagse in third-order coupling with perturbations of one
component member becoming perturbational to other members in the system.
Observations within the computer environment moved Mrs. Preston into a
state far-from-equilibrium. Bryan's insistence to "go his own direction" was
cross-perturbational to Mrs. Preston causing her to recurse on past

- experiences and teaching methods within a BASIC computing environment.
She described her reflection in terms of a behavioral or role change of being
"more flexible" in the Logo environment.
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As students and teacher couple in this environment, a true collaborative
relationship emerges. Sue did not feel compaslled to follow the advice offered
by Mrs. Preston. The software (Logo) serves as a catalyst encouraging & far-
from-equilibrium state among component members and errors become
perturbations encouraging further learning.]
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MAYRIDGE HEIGHTS SCHOOL: ELIZABETH ANI? AMAN\DA ‘ °‘

Elizabeth and Amanda were grade six students at Mayridge‘Heights i
School. Mayridge Heights had eight computers, each with a color monitor,
and two printers. The room was pleasantly arranged in an alcove off the library
and adjaceﬁt to the grade six classroom of, Mr. Murphy. Mr. Murphy was
temporarily replacing Mr. Sullivan, who normally headed up the computer
program in this school. Mr. Sullivan was on leave but did visit now and again.
His emphasis was on Logo and word processing. The class was broken into
groups that were scheduled into the computer lab for one-half hour classes
each week. Some students were allowed to go to the computer room when
their work in the classroom was finished. Mr. Murphy feit that because the
children had two years of Logo they were getting bored with it. As Mr. Sullivan
was not in the school on a regular basis, students had to tutor each other and
Mr. Murphy felt this had a negative affect on their attitude. He felt that many of
them would like to learn BASIC as they could use it on their home computers.

The usage of the computers at Mayridge Heigﬁts has chaﬂged over
time. Initially the major focus had been CAl an.d computer literacy using
BASIC. Later the emphasis became Logo and word processing.

On the day of my visit, Elizabeth and Amanda were working together
preparing a picture of a house with window, door, attached garage, tree and
driveway, that they would be showing at the computer fair. When | suggested
a curved path, they rejected the idea saying that it would be "too hard". They
also began to put a sun in the sky and when they experienced difficulty with
the spokes about the sun, they changed their minds and made a moon and

some stars and were planning on adding color to the windows to represent
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light. Atone point, the teacher, Mr. Murphy came over and suggested a ¢
& '

chimney. The girls said they didn't want one.

{Elizabeth and Amanda described Logo.} Logo is a way to learn to try
more and not to give up. Like if we couldn't get this, wa shouldn't give
up because we would get it, like we got it now.

How do they cope with difficulties in the classroom?} If the teacher's
there we go and ask him. The computer's just like a machine and you
gotta experiment. So we tried about twenty ways to do that and we got
it after that because we didn't give up.

{In the computer room,} we share the things and we work together and
it goes faster too. Mr. Murphy, i think he trusts us to work together
instead of fooling around. Sometimes when the kids get together they
:don't work, they just talk about what they are going to do and things like

- that, but they are not doing anything. So sometimes they're not allowed
to work together. When everybody's working in the classroom, you have
to work too and then you're also afraid that you won't finish before... and
you try to work harder but here, in the computer room, | can relax and try
to work. There's more time and | don't try to complete to finish before
everybody.

" {Mr. Sullivan} Amanda and Elizabeth have accepted a kind of notion of
community of learners. They have realized that there are certain kids
who have lots to offer and that they associate and work well with those
kids. They are Very self-disciplined individuals. They don't rush ahead
doing their own thing. One of my first objectives is that kids work with
other kids on a problem, knowing that some kids never tend to work
well with other kids. Let's say a group of four may splinter off into two
groups of two or a groups of two may. realize that it has irreconcilable
ditferences in the way they are thinking about a problem and they go
their separate ways. That's okay. | like to start projects with either two
or four knowing that groups don't always have to stay together. Plus it's
one good way to use a limited number of computers in a large class.
7
| really think the computer, aithough it can be used very well to control @‘
what kids learn, can also be used as a tool for the kids to be in control of
their own learning and | see Logo as a language that is more suitable
for that philosophy. What | would like to see more, when | see students A
working with Logo, is that they somehow initiate their own problems
and their own solutions tg,the problems and that's the direction that | am
trying to proceed. To a cbrtain extent, it has been successful wi some
kids. | don't know how many kids, but a lot of kids kind of feel that
feeling, "Aha. | can do these things on my own." It takes a little longer
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than what | would like to see but some kids do realize after a while that

_ they can find their own, develop their own problems, and work on their

- own solutions and they feel really good about it. So that's the direction |
am taking.

The keensgst people in my room were the two best and the two lowest
students. One low student really liked to work with the computer
because he felt he was doing something worthwhile, different and
interesting and he didn’t get any negative feedback and so he thought
he really liked computass. All his experience in school was based upon
his inability to do things. At least with the computer it didn't make any
big deal out of it. He didn't get bad comments or anything. So maybe
it's a good environment for some kids. At least it makes them feel
somewhat at ease with themselves as far as being able to leamn.

2

And, of course, the bright kids really get off on the computer because
they realize after awhile that they are in control. And most of them are
so intelligent, when they realize that they just get all fired up and make
the computers do anything they want. There are kidg, like James. To
- him the computer is just an extension of his, | think, of his mind. Like he
~doesn't look at it as a detached thing. He just uses it as a real intimate
tool that he can use to do all sort of things.

| kind -of see word processors and Logo as being very similar. | see
them both as microworlds. The Logo microworld is definitely more
powertful. You can explorgiiliore concepts. You can do graphics and
text and you can play arg ywith ideas. Then again, you come to the
word processor which hig same attributes. You can play around
with ideas, you can put to§#ther ideas, you can combine. So you can.
use word processors for composing stories or letters. Some people
spend a lot of time teaching word pracessing skills. | don't really go for
that. | think, like Logo, let the kids.learn by solving problems. 1 think ,
both ars the.same. Word processing is a language itself. That's not
really true in the technical sense, but it's an environment that you can
play around with ideas, whereas Logo is the same kind of environment,
perhaps more powerful. , 8 :

I have used Milliken Math a couple of times this year for some students
that didn't have a very good understanding of some.of the basic math
concepts-or skills. One girl found it interesting. For some reason she
like the idea of being plugged into a machine for twenty minutes and x
number of division questions, getting some reinforcement or feedback
from the computer. She liked-that and some kids do like that and |
wouldn't say that there is no value in using Milliken Math. | think it has
~ some value iff drill and drill is so important for some kids to learn. '

- I think you could use BASIC, if BASIC is to be taught, where you just
“have short little programs that solve basic mathematical type problems.

w
¥
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| can see some value in teaching BASIC that way. |think the
proceduralness of Logo or the modality of Logo tends to encourage
people to make small stabs at solving problems. It breaks into parts,
where you really can't do that with BASIC. Breaking problems into parts
is @ way of thinking which we haven't really encouraged in our school N
.o System. We tend to want students to solve problems completely. | think -
you have to give them project ideas that lend themselives to breaking a
problem into smaller problems. 1 think that is where our role is, giving
them project ideas because we have been exposed to quite a variety of
books and references. | think maybe one of our jobs is to kind of spring
these ideas on the kids because a lot of the kids are really not in the
business of thinking up ideas. | think by choosing certain kinds of
ideas, it helps them develop the idea of modular thinking or procedural
thinking. .

I think my work in computers has helped my u rstanding in ._
mathematics. Before | really didn't like mathemdtics#t all. Not that | -
really show it now, but | appreciate it novrwhefegbetare | didn't |
appreciate it too much. 1think my computer in¢di¥ement-has given 'me
the oppertunity to think more about what education is and what
education might be in the future. Whereas | was kind of-going from a
day to day teaching experience, now | think | am at least trying to
understand in more general terms what my role, what a teacher's rele
is, in the education system. | think you have to develop some technical
expertise to understand what computers are all about, but | still think
that the' most important thing is not to embrace the machine but to -
embrace the learner, so you don't lose perspective of what our role is
all about, teaching kids. o (
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:ﬁEﬁﬁa’Befh @Mﬂ%ﬁda are collaboratively working towa;g a mutually
satisfactory selition to the house design. Logo provides the boundary
censtraints, bu control the problem, the process, and the solution. As
they experimen 1 their ideas, reflections of their thinking, in the form of
graphic images, © as perturbations, encouraging further experimentation.
~The "relaxed" feeling the girls have in the autopoietic computing environment
is contrasted with the pressure they feel within the classroom. This pressurs is
an indication of an allopoietic system which encourages achievement through
competition among its component members. . The larger educational social,
system which*emphasizes student achigvement, also places stress on "low"
students. "Low" students, however, can'be autopoietic learners in a Logo
‘énvironment. S . :
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Student autonomy is encouraged inthe computing environment. Mr, Sullivari g
feels his role is to initiate problems for groups of students until they are ready
to initiate theér own. As.these problems becosie perturbational to students, the .
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the thinking processes of their cognitive domains are "irreconcilable”, new
spontaneous social systems emerge. The teacher remains as a component of
each new social system. Survival of these systems depends upon coupling
between the members of the new system. Mr. Sullivan's extended absences
from these systenjs has contributed to the breakdown of some of the systems.
This is supported by Mr. Murphy's observation that some students were losing
interest in Logo and wanting to learn BASIC.

Computer technology caused the "day to day teaching experience" of Mr.
Sullivan to move to a state far-from-equilibrium. Perturbed by the technology,
Mr. Sullivan reflected on coupling experiences with students and fellow
téachers as he attempted to "understand what computers are all about.”
Perturbations as he maintained his autopoiesis within the social system of his
classroom resulted in "trying to understand in more general terms (his) role, ...
a teacher’s role, in the education system.” Perhaps computer technology will
be perturbational to others, as it was to Mr. Sullivan, encouraging teachers to
“reflect on their "day to day" teaching.]



CHAPTER SIX
CONCLUSION
This study has attempted to come to grips with the nature of computing

environments in the elementary school through observations and interviews
with the component members (students and teachers) as they used computers
in four different computer applications. The four computing applications
identified and observed were; CAl, programming in BASIC, word processing,
and Logo. The data for this study were gathered in May and June of 1984 and
therefore particular software being used may not be software used in schools

today I do think it is useful however, to look back on what was happening at

that time. Ieg}feo‘p age the reader to reflect on this mforrmht of current

,,4.
¢y

practices. Tﬂ pter presents’\ (1) what each of the four computer

14
apphcatlocLs n{iﬁnt to students and teachers and how this might be interpreted

in relation to tHe theories presented in Chapter Two; (2) my persohal

* description of an autopoietic computing environment; (3) the continuation of
| ' &
my personal history, (4) implications for education brought about by coupling

~ and co-drifting; and (5) suggestiorf;s for further research.

.
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~ THE NATORE OF COMPUTER ENVIRONMENTS * |

[ | have chosen to separate CAl into two g'roups; drill &nd prébtice, and
p bIem“solvmg N \ |
,,&Al - DRILL AND PRACTICE ’

Students i

14

Anne and Andrew were positive about their CAl expenences on the
' co'mputer. They both used Milliken Math and both lndacate_d that they.hked

L
& &
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receiving the rewards. Anne liked the idea that she didn't know what reward
was coming next and Andrew felt that students work harder to get to the next
level. Through CAl, student work became public and Anne was very
concerned that everyone would know when she made an error or needed the
computer to help her. She also felt concern \that the computer stored
information and, wllhvit, errors she had made. The teachers who used this
software chose to be in control of what the students practiced as an integrated
part.of the mathematics curriculum. |

| Th‘e two boys | observed at ans School found the challenge of the -
math drill lnappropriate and changed it to suit themselves. One boy created #
(t‘he challenge of typlgng in his answers faster than the computer could react,
and the other- trled to get the hlghest number of errors. This waef,descnbed as
"beating the systemf'byﬂthe teacher, but | prefer to- think of this as & situation in

which the boys feli the activity, as assign‘ed held no relevance for them.

/

The social studies unit at Munter School mte@rgted cOmpu /
appllcatlon with the social studlei lessons bemg taught in the c‘a‘ss Many
students aimed fof mastery, repeating the test several tlmes until they reached
a gore of 100%. The desire to eﬁain a perfect score can be interprete'd in ¢ 8
several ways: The'child sees some need for the knowledge being learnedy,, | [%.ﬁ
and wishes to apply itin a different”sltuatlon;The child doesn't usually have an
opbonunity to get 100%&1nd uses this as a wa)?\e develop‘selffeste’em; The,
chlld/hasapargnts v{,ho expect 100%,; The chjld has h'igh expectations for:/

" himself. The behavior observed serves only as a reflection that recursive
activity has oc‘curred,
. ",
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Teachers

¥

The three teachers in Hunter school had varying opinions rédérding

- dri'and practice. Mr. Watson was positive about the way CAl was integrated

into the classroom curriculum, felt it brought out a "competitive nature”,and -
was motivational. Me felt there was good retention of facts with the social
studies software. Mrs. Powsll was not as positive about the math and social

studies CAl. She felt that students socnahze tﬁb mWnd that "not that much

of CAl drill and pradticé’ No keyboarding activities were observed as part of

this study but Mrs. Powell commented that students enjoyed the activity and

that they were motivated to learn to type.

5 i .
[In the drill and practlce computing environments'observed, the control was
linear, from teacher to commputer to student (Fig. 1, p. 95). The input-output
computer model describes this environment. The teacher selects the program
and inputs it.into the machine. The machine outpufs it to the student. The
student receives questions or information as input, assimilates the information, -

-and outputs an answer to the machine..The process between computer and

child repeats itself but notice the teacher is mo longer needed to sustain the
system. Compeﬁtlon external rewards, and the presencp of a waiting

computer help mamtam student interest. /
/

* During CAIl gl ancﬁpractlce, the student, for the most é)art, was tightly .

controlled by the software but students did occasionally assume control. sAnne
assygled controt when she rejected the attempt of the software to foster
rectﬁve thinking by helping her when she made mistakes. The boys at
Q};eens School, described as "beating the system,"” assumed control and

L3
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constructed boundaries around the intended learning. They created a’new
environment in which they maintained their autopoiesis.

There seemed to be a rigidity in the way teachers used drill and practice,
having all students participate in somewhat like an assemibly line. Perhaps
this environment better supports the autopoiesis of a teacher who feels
responsibility to the curriculum and a need-to control student behavior.] |

<

CAl - PROBLEM SOLVING ‘ ;
' Students 5 '

The problem solving software observed in this study was "Thmkmg wrth
Ink" and "Rocky's Boots". Student reaction to these programs was very
positive. Students considered these programs more like""games" and
competition did seem to be a factor. Stwent success on "Thinking with Ink"
became very public with names and spores of the top ten players being stored
on the disk for future players to see. With"Rocky's Boots", students we;re
guided through a series of activities, receiving rewards along the way, which
led toward an opep -ended activity of building their ownymachi The

§ if it would,

computer determined if the child's machine would worand th

rewarded the chrld.

Teachers ,
ot L

Both Mr. Watson and Mrs. Powell were positive tow'ard the use of
problem’ solving GAl software. They were impressed with the open-ended

activity of Rocky's Boots. =

[This CAl problem solving environment like drill and practnce contained onIy

computer (wuth software) and students (Fig. 2, p. 95). Teachers appeared as

- "managers" who controlled how the students used the software. The structure
of this computing environment was less'constraining to the student than CAl

drill and practice due to the flexibility of the software. The competition of

Thirking, With Ink was very motivational for the chlldrer*rho felt they had the

chance to see theirname "up in hghts Th|§’ software did not require a specific

/
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answer. Recursion could occur if the child returned to the program to try to get
a higher score. Rocky's Boots encouraged students to move beyond the
assimilation of facts toward the burldmg of a machine. If the machine didn't
work the perturbed child could review the steps to gain a deeper
understanding.] :

COMPUTER LITERACY - PROGRAMMING IN BASIC
Students

The child in a computing environment learning BASIC sees himself as
"co_r'r,trolling the computer. Actually the teacher is helping the child control the
'corjﬁputer. Students were enthusiastic and often persistent, taking several
| weeks to solve a problem. When'they reached a solution there was a mixture
of pride and excrtement as they wanted to show therr work to the teacher and
their peers. They truly fe&the emotion Polya described as "the most vital
point" of the problem solving process (Polya, 1957, p.94). Students at Queens
School worked with partners and spoke positively about collaborative learning
b‘or'ne of these'\students remained in competition with other partners in the

class to see who could solve the problem first.

Teachers

Some may consrder wrogramming in BASIC open-ended problem
solving, but the teachers in the study seemed to include programming in
BASIC within the classifica}ion "Computer Literacy." Mr. Locke,' Mr. Duncarr
and Mr. Moore, the three settings in which BASIC was part of the program, all
referred to their programs as Computer Literacy. In this computing
environment, direct teachihg of the commands was a consistent approach. Mr.
Locke used high resolution and low. resolution grap‘hics to provide his
's_tudente with a general oicture of how_computers are programmed. Then

students continued to learn BASIC or Logo from worksheets made available

b ]

»
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by Mr. Locke. Mr. Locke indicated that his students weren't advanced but they
had gone through the "first five or six steps” in programming with BASIC. Mr.
Locke had expertise in BASIC and the fact that only one of his students chose
to do Logo may support teacher direction as being determinative when
e&plqring BASIC. Scott's statement that students learn more about computers
#at school because, "you’ré being taught to use it and at homé you probably
wo’uwld be working out of a book or what you discover on your owngs also
supbons Iearnmg through teacher dlrectlon
. Mr. Duncan s method of introducing BASIC supports teacher directed

Ieaﬁfmg He first had his students explore the preprogrammed graphfes and
than iﬁtroduced some BASIC programming which the students were trying to
. ”agly ;at the time of my visits. He stated that at the "initial stages of computer
meracy (learnmg BASIC) it is exhausting because it is continual output until
th"ey get used to the idea, m seeing what they can do and start to think."

M.r; Moore said, "It takes quite a while to get to the point of being able

1o solve problems with the computer. Mr. Moore was perturbed by the difficulty,

his students had trying to%ygthemaﬁc’al problems with BASIC. At th‘e
time of my observation, he was having them create high resolution "string”

,' hesigns and felt that his students were being much more‘succesasful. He felt

¢ that witkh the.graphic assignment his students had something "visual to

connect to right away" and as a result they could evaluate their thinking. This

he felt helped them persist long enough to get the final solution.
" b P

o

[The computing environments in this study which used BASIC to teach
programming, had a structure in which the teacher was the vehicle through
which the child learned to comynunicate with the computer (Fig. 3, p. 95).
Problem solving is a recursiv process but because the problems were.

o
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difficult, the children relied on the assistance of the teacher. Third-order
coupling between teacher and student was constrained by the difficulty of the
programming language. It did not appear that students wére able to initiate
their own problems except for graphics and some students did not see
graphics as an area which required much thinking. For the most pan, the
téacher controlled the problems which the students would attempt to solve.
Learning BASIC is a structured process with little flexibility in the way
programs can be written. Is it the nature of the BASIC language which
controls the teacr%nand therefore the student? When the students have
learned enough commands to initiate their own pr8blems or if they stay within
the graphics mode, the role of the teacher could change tabecome that of an
aide.]

WORD PROCESSING ENVIRONMENT
‘Students

In the word processing environment, the child is engaged in the writing
process with the computevr being used by the child as a tool for that process.
This environment is qualitatively different from the CAl and BASIC
environments above because the E;*s of control moves from the computer to
| the chnld Children in the study valued\the computer as agord processor
Andrew at Hunter School ﬁated "If you have to bnge a lot of it, you can
easily change it with the computer. You probably make a lot of changes on it
because you know it is easier." Similarly Scott at Riverview School said, "You
can learn how to writ%things easier and correct them easier. It's neater.and if

N
you want to change something you can just go to the program and make the

corrections and print it out." Students thought that using the word processor

for writing involved a high lgvel of thinking. They recognized that writing was
3

-

the result of thought processes for which they were responsible.

Teachers
All teachers involved with word processing were positive of the rasults.

Mr. Sullivan of Mayridge School saw word processing as being a microworld
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or an environment where children fcan play around with ideas.” Mrs. Powell
commented that word processing needs a lot of input from the teacher
because it is creative. This presented problems for Mrs. Powell because the
computers were housed in a separate room some distance away from the
classroom. Mr. Watson was optfmistic that computers could have a positive
effect on writing. He felt that in the future teachers and students ma?be able
to-"concentrate on research and functional and creative writing rather than just

getting things gdwn legibly on paper.”
o

[The structure of the word processing system was student and teacher
communicating about the writing process wit puter facilitating the
communication (Fig. 4, p. 95). The compute involved in this system
to the extent that ideas shared during third-or pling between teacher
and student could be facilitatg® through computer technology. The writing
process-is recursive and as children interact with teachers about their writing
they are able to assimilate the input given. Through a recursive process, . . -
inputs become perturbations to which the child makes accommiodations and
moves to higher levels of organization. The student is in control of the writing

- and may also. control what is to be written about. Mrs. Powell was perturbed

by the physical distance between herself and her students during word

Processing because she felt the writing process-is "creative” and needs a lot of

teacher "input." Publishing becomes easier and as children enjoy sharing an
attractive product, the computer enhances the writing process. The word
processing system becomes an autopoisetic system when there is an
underlying recursive interdependence of the systems components
(coherench).] . ' -

[ LoGo
Students
é:f}
In *he Logo =nvironments, control of the learning experience was firmly

in the hands of the students. At Mayridge School, Elizabeth and Amanda
shared a problem solving experience (of their own chosing) independent of
the other members of the class and witly venlittle teacher contact. The

Y

N
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decisions they made were truly their own as they considered and rejected
suggestions made by %yself and Mr. Murphy. V\;hen difficulties arose thexjplt
were beyond their control, they modified the problem and continued along ;
different path. Elizabeth and Amanda found the Logo computing setting
"relaxing” and non-competitive where time restraints were not a problem, |

At Eastside School students were consuilted regarding the structure of
the class. They were encouraged to work together and share ideas, but
individual digressions were also supported. Bryan seemed to be particular
about the appearance @f shapes and would go off on "tangents” taking Mrs.
Preston and the rest of the class along with him. Sue consulted Mrs. Preston
but chose not to use the method they worked out together. The discussion
between Sue and Mrs. Preston probably triggered another idea which
seemed more relevant to Sue. Cory wanted to restrict discussion and
mqj,;&ajn personal ownership of all his projects. Although tHis was not the

g class or the wa'i'/ the other students functioned in this

School, all students were working on the same problems, but they each had
access to a’computer. Although Bryan preferred to work "solo” in the-
classroGTﬁ,/he recognized the value of sharing a problem in'the Logo setting

so that the students could "help each other." Sue started off on her own but

when difficutties arose, she (eamed with a fnend Although Cory was )a -

Within this enwronment he wa’s allowed to follow his own path At Mayndge

School, students were encouraged to work in groups of as many as four
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students but Mr. Sullivan recognized that how the students came to thi

about the problem could cause the groupsv to splinter. Elizabeth and&Af
worked together at one computer and were described by Mr. Sullivarwl
having accepted a "kind of notion of community of learners.”

Students were persistent in their efforts to solve problems;«ﬁ?zabeth
and Amanda said it was "a way to learn to try more and not to give up.” In the
observed settings, Logo activities were almost entirely graphics oriented.

Each time the ‘children "tested out" their ideas, they received a graphic
reflection of their thoughts. The difierence between the image on the screen
and the image expected gave clues which the children used to reformulate
their thoughts and produce another result. At times the unexpected images
became exciting Ieatning opportunities. Students generally agreed that Logo
required considerable thinking. .

Logo appears to be a good experience for both high and Iov;/i echieving
students. At Eaststde School, Logo was offered to the enrichment students. At
Riverview School a single "low" student wds proud of his accomplishments
with Logo. At Mayridge, the most interested students were the two highest and

the two lowest.

Teachers

- Mrs. Preston felt her role as a teacher was different in the Logo

4 envuronment because she dudnt have a structured method of presentatton All
‘commands were taeéht ihmdentally as they were needed. What happened
one.day would determme what woliid happen the next "They are determined
to go their own direction.” Mr. Sullivan felt Logo provnded the opportunity for

students to develop "modular or procedural thinking"lx To encourage this

3
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thinking, he felt: part of his role as teacher was to present to students project

ideas which could be broken down.

[The structure of the Logo computing environment is an integrated system of
teacher, student, and computer software (Fig. 5, p. 95). As in word processing,
a coherence exists between teacher and student beyond the computer as they
engage in recursive conversation about Logo. For example, coharence exists
when the child and teacher become involved in "playing turtle" on the
classroom floor. The recursive nature of the Logo language encourages
recursion and reflection with the component members (teacher and students).
Through the circularity of the reflection/recursion/reflection process, a
coherence develops between Logo and the component members. As these
coherent systems enter the niche of the other they become cross-
perturbational encouraging further recursion and reflection. These recursive
processes can be cross-perturbational to other members of the classroom and
thus encourage a spontaneous social system which supports the autopoiesis
of the component members. For example, Bryan's recursion with Logo
resulted in his desire to fill a square and make a realistic chicken. This was
perturbational to Mrs. Preston and to other members of the class as they went
on a "little side trip". The community became involved with Bryan's
perturbation.

. There were several examples of the Logo environment being a community of
- learners. At Eastside School, the atmosphere of the enrichment class was
one of student/student and student/teacher collaboration. At Mayridge school,
Elizabeth and Amanda were cross-perturbational in the absence of Mr.
Sullivan. The girls appeared to work independent of the teacher, but they
came to the setting with ontogenies which included the recurrent presence of
Mr. Sullivan. Mr. Murphy said that the students were getting bored with Logo
because they had to tutor one another. This further supports the structure of
this environment as an integrated system of student (or students), teacher and
computer. For some students in this class, removing part of the structure (Mr.
Sullivan), proved to be destructive to the system, while Elizabeth and Amanda,
perhaps because of their coilaborative efforts, were able to continue.:

., The boundaries of the Logo language provide constraints but the simplicity of
= the language aliows the flexibllity for the children to solve preblems in many
different ways. Mrs. Preston said, "they are determined to go thair own way.”
Cften teachers initiate problems, but the children assume control of the
process, modifying or digressing as desired The children often initiate
involvement of the teacher, but because the children control the direction the
problem solving process takes, the teacher must try to fit into the cognitive
domain of the child in order to build the bridge from the child to the computing
language and from the computing language to the child. A computing system
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- emerges in which all subsystems of this social system form a community as
they engage in "sonversation” with one another.] :
THE AUTOPOIETIC COMPUTER ENVIRONMENT

3

The co'mp‘Uting. envirdnments above have emerged spontaneouslyv as
" a network of gbmpoheht members (studént/s. teacher, and computer) engaged_
in third-drder coupling. A computer, however, is not a living system and
therefore cannot, in itself, be al‘Jv;t,opoietic. However, its structure, through usg
of software and computing Ian'gu\'/ages may simulate a living system, in that
communication can take place between the comphter and the living
components of the social system (student/s and teacher). Ttlwisgsocial system
‘then contains two or more living subsystems which can}bercross- } | |
perturbational and adaptive in thgir structuré while corhmunicating with
'computer (software) which can t‘)e\\ch“anged by one of the members.
All members of the computing en‘vironmenth (student/s, teacher, and
~ computer) are products of their past. Teacher§ views of education are
" compositions of previous and current third-order coupling experiencss.
_ Teachers' ontogenies develop from their membership in subsystems of other
social systems (i.e., school, school Qistﬁ&, and so on). The parsonal structure - "
teachers bring to the cémpdting environment are products of their ontogenjes.
For example, Mr. ancan viewed marks as motivational incentives to learning.
Students are products of their personai histories. Children tend to want
to see themsélves as grown up and to imitate adult béhaviof. Several chi]dre; .
Jn the study were pleased because they were able to do something with
computers which their parents didn't know how to do.

Computers come to the computing environment not with 4,personal

ontogeny but with a history of relationships involving other living systems
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(programmers and technicians) and with'a structure that can be changed by
the other members of the computer environment.

Within the theory of autopoiesis, the ideal educatlonal computer
environment would be one in which all subsystems engage in autopoiesis:,
which is made richer by the 'cross'-p'erturbatipns bétween the‘_subsystems. I
sugg’est that the Logo environment (Fio 5) can be an ideal ‘educational
computing envrronment In the Logo envrronment there is a coherence
between all component subsystems as they engage in thlrd order coupling;
proceedlngr in a co-ontogenic structural drift. Is Logo a necessary requirement
‘before student¢, teacher,,and computer in third-order coupling can co-drift?
No, Logo is ¢ Simply technology to enhance cross-perturbations that disrupt the
equuhbnqﬁm of the the system and |ts components pushmg them recurrently |
toward states far‘-from equullbnum _

Drill and practice can be a form Of recursion contributing to the
maintenance of the cogmtuve domain of students. in this sense, drill and
practice software in itself, is not problematic. | contend that it is possible to.
adapt the. CAl cemputmg environments (Flg 1.and Fig. 2) described in the
study to- become autoponetlc computlng envuronments Three major shn‘ts must
be made; the teacher must be in perturbatory communication with the chrld,
control must move from the computer to the child, and competition must not
play a major role. Students, through communlcatlon with the teacher, should
be involved in their learning so that they can ldentrfy what they need to learn.
,Dnll and practice could be made avallable as one of several alternatives for
maintaining what they know they need to know. As the children make
decisions aboyt what software they will use, they become more cognizant of ¥

their own processes of production and uses them to organize theirown = ——

N
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learning. CA,' soft\tvere can be used to encourage collaborative rather than
c‘om.petit‘ive-relationships among students For example, grouos of students
could try to solve "Thinking with Ink" with multuple copies of the program $0 that
they would all have their "names up in hghts
" The computing environment which focuses on BASIC can become an
‘autopoietic computlng environment "somewhere further down the road" The
problem solving relationship (usung BASIC) which the teacher would share
with a student in an autopoietic computing environment has a difficult time
;emerging in the elementary school; Perhape this is why both Mr. Locke and
his student Brent mentioned student success in junior high. . In contrast, all
teachers in the study seemed positive about elementary students do'rng -
graphics in BASIC. Did the teachers sense that children writing graphics
programs were more in control of their learning (autoponettc Iearners)"
| In the word processing environment, the student and teacher are |n
élose communication about the writing process. The control of the learning
has moved to the, student. Mr. Sullivan refers to word processing as a |
4 mlcroworld in which students "play around with |deas Could it be that Mrs. *
Powelltwas perturbed by bemg physucally separated from students as they |
used word processors because commonlcatlon between herself and student
was constrained? _If students must gotoa different area to use computers,
communlcatlon could be enhanced if the teacher enters comments into the
text written by the child. Word processmg should be part of the ongﬁ\g
writing process within the classroom.
The significance of communication can be appreciated in realizing that
an autopoi’etic computer environment supports collaborative Iearning. This

may be student/teacher or student/student collaboration with recurrent
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communicative support from the teacher. m this way, the?;opoiesis of the
th

computing environment depends upon all components of that environment,

but teachers are particularly Significant participants who can modify seemingly

allopoietic learning environments so they become autopoistic.
. , j

CONTINUATION OF MY PERSONAL HISTCRY |
- The introduction of microcomputers disrupted the equ’ilibrium of my
classroom and during my study | was .encouraged by observing other teachers
similarly in states of disequilibrium. Prior to the study | knevg "something" was
happening:to my studentg and myself. Prigogine's Theory of Dissipative
Structures and Maturana's and Varela's Theory of Autopoiesis provided me
with the language to discuss what that "something” was and assisted in the

- description of the computing environments | visited.

»
-

Parturbations triggered recursive thinking beyond the computer setting
and when | 'returned to my grade four class in September of 1984, | was

excited éiz:::ing to implement some changes within my classroom. | .

wanted de tailyto create for my students a{)earning environment which
would support their autopoiesis. Mr. Sullivan aptly called this a "community-df
learners”. |
During thle four school terms which have passed since géthering the

data, | have maintained a commitment to encourage a feeling of "community of
learners" among students within my classroom. I have beén fortunate to.
epgage”in exciting ‘third-order coupling re'lationships with teachers and staff

smbers within my school which have assisted me in that process. These '
i ird-order coubling relaﬂonships have often been cross-pertuvrbational '

resulting in co-drifting. For example, one of the teachers on my staff, a
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language arts/rééding specialist, became a person with whom | codld discuss
"wholerlanguaggj'. The philosophy of whole language seemed app;opriate for
my classroom but my experience with language érts had been the teaching of
segmeﬁted skills. 1 relied on the“availability of a coupling relationship to assist
with implementation. She, on the other hand, had no experiencé with
computers. She now has a computer at home and insists that a computer be
part of her classroom.

.The system within the classroom begins to grow the first day of school.
Themes, into which curriculum areas are integrated, provide a platform upon
which Iearniné activities are built. Activities are planned to engourage
recursive thinking. | see my role as a teacher io.help students build bridges
between what thvey know and what they want to learn. Hopefully, well planned
learning activitiés will join together what they want to learn and what the
curriculum dictates into an integrated Qnit.

1 try to capitalize on student interest and spontaneity. For example, it's
exciting when a student chooses to do research on a science topic related to
the "Space” theme, gees to the computer lab to use the word processor to
prepare a reading activity to share with the rest of the class in language arts
period and the discussion which results focuses on mathematical problems
arising from the informatjon; or when a child stands up in the classvto explain |
his "Thingamajig" made from scrap material and it lis a specially equipped
space station which wiil replace the depleting ozone in the earth's
atmosphere. My classroom may be termed a "substitute's nightmare” as sdme

substitutes feel the need to assume control of the class and find it difficult to fit

3

into the community of the classroom. adl
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Collaborative learning ts anouraged within my classroom. Students
are encouraged té form spontaneous social systems to further their learning.
An atmosphera which encourages collaborative learning should also support
collaborative evaluation (s'tudent and teacher). Formal evaluation is a !
constraining feature of the larger social system within which my classroom is
embedded. Evaluation of learning encourages reflection and recursion but
grading is not a part of this system.

Within my school the "centres room" has grown from collaboration -
among teachers interested in pr'ovidfng learning centres for their students.
This project was initiated by a small group of teachers on staff apd through
third-order coupling and co-drifting has become a school wide project.
Teachers are working collaboratively, sharing ideas and r.naterials‘in the
creation of learning centres. Spe‘ciaI. education and regular classes have
combined in the centres room, with benefits being reciprocal. Students in
‘regular class have the opportunity to confirm their thinking by explaining it to a
special education student, and special edudation students are able to
. participate more fully in activities with the one-one-assistance of another
student. | am excited by the potential of the centres room as it contributes to -
the development of a "community of learners”. Another exciting outcome of
the centres room has been the visits from teachers in other schools and other
school districts. We are beginning through these visits to establish a
communication network to éhare ideas and materials across schools and
across districts. |

Computing environments have now expanded far beyond my
classroom walls into almost every classroom in the school. Using a limited

number of computers with a large number of students creates a far-from-
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equiliﬁrium situation which may discourage teacher participdﬁo/;. A two year
program of implementatipn began in 1986 - 87. In year one of the program |
taught grade one, two, and three classes with the he!p of a teacher's aide.
_ T{aach_ers-of these classes taugﬁt my studénts physical éducation and art.
Occasionally substitutes were brought in and the teachers observed in the lab.
" In the second year of the program, the teachers assumed responsibility of the
computer program, with the assistance of the teacher's aide. The relationship
| had with the teacher's aide was tru/lA; collaborative. She had never touched a
cdmputer but had extensive experience with primary students while my
experience with primary students was 'very limited. Throughout the two year
period, | attended a Peer Tutor Project offered by Edmonton Public School
Board, Microcomputing Services. Attending this project encouraged me to
reflect on how implementation within my school was working. |
. Computer technology remains an important part of the Iearnin‘g
~ community within my class. Conéiderable freedom is offered to students
régarding computer usage. At times the computer lab becomes an extension
of the centres réom with activities related to the theme. Some choose to do
CAl because its "fun" or in response to a lea;ning need. Word processing is a
part of the writing process within the classroom. Logo contmues to excite both
students and myself as we try to create what they want to create. '
—\\\@llmes throughout the past four years, | have feit pamc. I've wondered

whether | v;as moving in the right direction or whether the students were
learning what they were supposed to learn. It has been the students and their
positive reactions to this learning environment which has encouraged 'énd

strengthened my commitment.
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IMPLICATIONS BEYOND COMPUTiNG ENVIRONMENTS
Educational systems are concerncd with providing learning.
experiences which will better prepare our students for life in a rapidly
changing technological era. .‘Suzanne Baily (1986) suggests that functioning
we:tn in the 21st century will require students to be critical thinkers, assume

responsibility for their learning, be able to coogar " ‘Fd collaborate in

problem-solving actnvmes develop a process fcrn'h Haging mformatxog ‘

applying it, and be an empowered planner with a rationale for orgamzaﬂoﬂ
(p.57). Partly in response to the requirements above, we have seen
movements such as computers, whole language, collaborative learning, 'and
learning centres widely discussed in educational circles. Change can occur \
as members of suosystems couple, gain momentum, and move awéy from
equilibrium, re-couple and move again in repeated instances of co-drifting.
Personally my experiences with computing and questioning of my teaching
practices have lead to exciting and ricn coupling relationships with other
teachers, \:vithin the computing community and beyond. Change among

component members can lead to change in the Iarger social system. As

-teachers are the basic components of the educatlonal 'social system, it may be

wise to facilitate collaboration or coupling among teachers and among .

teachers and university professors as a way of constrocting autopoietic third-
order systems that are enhanced by and enhance the autopoiesis of all

components.

SUGGESTIONS FOR FURTHER RESEARCH
Application of the biological metaphor of autopoiesis to the

educational setting is relatively new. ldeas for further research may be:

5
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1. to use the biological metaphor of autopoiesis to discuss other
ethnographic research in the schoals; e o .

2. toinvestigate autonomy of students in computing enQironments and
beyond; ‘ |

3. to study how inservice of teachers happens with‘i.n‘ the school;

4. study interaction between component members of a system at a
learning centre;

5. study collaboration between students, teachers, student teachers

and cooperating teachers, etc.
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APPENDIX ‘.

- GLOSSARY
adaptation
strthural transformatlon of a living system while’ mamtamlng the unlty of the
syStem

«

allopoletlc system
a non-autonomous system which has a feedback mechanlsm through which
information is received and transmitted through apparent inputs and oufputs
autopolesis ’
{derived from autonomous, and "poiesis”, meamng self- creatlon or self-
_ production} the process of living systems (unicellular systems to complex
\socnal systems) which autonomously mamtams or conserves the unity of the
/‘ s ystem. .
. [
bifurcation point
point at which a system, which is in a state far-from- equnlbrlum with the

environment, restructures itself or disintegrates

.
%

communlcatlon
the behaworal coordmatlon which occurs durmg social coupling

dlsslpatlve structures

levels of orgamzatlon which emerge spontaneously as open systems

reorganize in response to bemg in a state far-from equilibrium with the
_environment

entropy
energy lost during irreversible transformatlons degradatlon of energy

~ Input
- non-perturbational disruptions from the enwronment to which the system
responds :

lnvarlant qualities

those qualities left unaffected by perturbations; the essence of the hvmg
system -

natural drift '

structural changes to both living systems and the envuronment in response to
mutual perturbations

»

ontogeny o
history of structural changes of a living system
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organization of a system
the set of relations that must exist among the components of a system for |t to
be a member of a specific class (Maturana & Varela, 1987), i.e., computer,
ape, cat (see also, structure of a system)

~
phylogeny
structural transformations maintained by th t\e organism through reproductlon
evolution
perturbatlon
interactions which trigger changes in the equilibrium of the system.
Perturbations may be generated by the environment or by the system itself

" and cannot be interpretted as good or bad.

recursion he

"a process which operates on the product of its own operatlon" (Maturana & .
Varela, 1987, p. 253). { g
reflectlon

A\

product of recursive processes, as well as, the process of malntamlng the unity
of the system throughout recursive interaction (Sawada & Olson, in -
preparation)

~structural coupling

the process of living systems linking or connecting with their environment.
There are three orders of structrual coupling: (1) first-order coupling; a
unicellular organism couples with the environment, (2) second-order cou ling;
a metacellular organism, which contains within its structure antonomous living
systems, couples with the environment as a distinct unit, (3) third-order
coupling or social system; structural coupling within a linquistic domain.

structure of a system

the components and relations among the components that constitute a
particular unity, i.e., if the organization of the unity is a computer the structure
of that unity woul@ be CPU, keyboard, RAM, monitor, etc. - compyters would
differ in their structure but be alike in their orgamzatlon

third-order coupling
see structural coupling



