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Abstract

We have posulated that in order to avoid the loss of opportunities in education, it is
desirable and feasible to develop a detection system for problems during the
teaching processes. We have based this on two disciplines. From cybernetics we
took the idea of the logically autoreferential system which adjusts itself
automatically and is analogous to Beer’s viable system model. From theories of
learning, we presented a learning-action focus that distinguishes various
hierarchical cycles. We distinguished two time horizons: one, for courses that
managed the improvements between two versions of themselves; the other,
concerned with improving the processes while the course is being carried out. At
this level, we differentiated between the student, the group of students, and the
teacher, as possible sources of imbalances. The general process of three cycles
proposed indicators for the early detection of problems; furthermore, it has shown
an capability for self-adjustment, and is under further investigation. The
experience has been developed in the context of computer-training associated with
the ENLACES Network which the University of Talca offers to teachers of middle
schools and high schools, as well as subsidized private schools in the Maule
Region of Chile.

Key words: Improvement of teaching, total quality management, cybernetics,
information management systems.

Resumen

Postulamos que para evitar la pérdida de oportunidades de aprendizaje, es
deseable y factible desarrollar un sistema de deteccion de problemas durante los
procesos de ensefianza. Nos basamos en dos disciplinas. Desde la cibernética,
tomamos la idea del sistema lbégicamente autorreferencial que se ajusta
autonomamente y es analogo al modelo del sistema viable de Beer. Desde las
teorias de aprendizaje, presentamos un enfoque de aprendizaje-accién que
distingue varios ciclos jerarquicos. Distinguimos dos horizontes de tiempo: uno, el
de cursos que se concentran las mejoras entre dos versiones del mismo; el otro,
se ocupa de mejorar los procesos durante la realizacion de un curso. A este nivel,
diferenciamos entre el alumno, el grupo de alumnos y el docente como posibles
fuentes de desequilibrios. EI proceso general de tres ciclos propone indicadores
para la deteccion temprana de problemas; ademas ha mostrado una capacidad de
autoajuste y es sujeto de investigaciones ulteriores. La experiencia se ha
desarrollado en el contexto de la capacitacion asociada a la Red ENLACES que la
Universidad de Talca ofrece a docentes de escuelas y liceos municipales y
particulares subvencionados en el uso de computadoras en la Region del Maule,
Chile.

Palabras clave: Mejoramiento de la ensefianza, administracion de calidad total,
cibernética, sistemas de informacion para administracion.
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Introduction

When an educational institution creates courses, do these define the structure for
organizing the service expected to affect the users’ learning? There is in fact a
division established in two stages: on the one hand, there is the course design,
which influences their execution; on the other hand is their implementation with a
specific set of users, which can influence the next stage of the design. Thus, there
are two scenarios: the performance can show problems alien to the design; or the
design itself can present deficiencies. Not overcoming the first type of problems
leads to the loss of learning opportunities; not taking care of the second type
equals a future repetition of the loss of opportunities.

To overcome a problem, one first has to detect it. It seems obvious—and in fact
industries practice it for quality assurance; nevertheless, in the field of education it
iIs not a common practice. Then, how can there be organized an information
process to detect early problems—that is to say, while there is still time to take
correct action?

This article presents our response to this central question.

The proposal is the fruit of our participation in the ENLACES project, part of the
present Educational Reform of the Ministry of Education in Chile. This consists of
installing laboratories with computers connected to the Internet in the country’s
public schools and subsidized private schools, as well as training the teachers.
The objectives are the effective assimilation of the computer and Internet into the
pedagogical and administrative practice of the establishments so as to achieve a
minimal autonomy of the teachers. The Ministry has formed a network of
universities that operate as “Zonal Centers” (zC) in different regions of Chile. They
carry out subcontracts with other universities that act as “Executant Units” (Eu), and
these, in turn, administer training with a certain degree of freedom in their internal
management and conduct of courses.

This article presents the approach developed in our EU for managing this training
process, according to the doctoral research of one of the authors (Schaffernicht,
2001) and the responsibility of others in directing that project.

First, there are presented two facets of the theoretical framework.

e Cybernetics is the science of the control of systems; it suggests considering
that the systems regulate themselves by means of closed loop control relying
on the feedback process. This type of error correction is important in our work.

e The action-learning approaches emphasize the importance of action for
learning; in fact, only action reveals the validity of ideas, and feeds reflection.
We understand quality improvement as a learning challenge and, therefore, we
position ourselves in this field.
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Farther along in this work there is detailed the approach we designed. Given that it
is based on various computers, we explain how we calculated with qualitative
values. The cycles of management and the environments of application in the
instructional process are defined. Finally, we present the general design of the
double-loop correction and application.

Theoretical basis

Our work is interdisciplinary: we use concepts and methods from various scientific
domains; therefore, the focus includes aspects of several disciplines. In this
section, to argue our proposal, we present what we have taken from each.

The two theoretical issues set out below represent an overview of global concepts
that should be considered when designing and implementing these explicit designs
of information. An important issue for this purpose will be, then, cybernetics in
management, because it represents the way systems progress through feedback
processes. Consistent with the above, we connect the learning processes around
the existence of cycles to optimize management processes on a cybernetics basis.

Cybernetics in management

The neologism cybernetics was proposed by Norbert Wiener (1958), to separate
this new discipline from the previous ones framed in the reductionist paradigm.
Under this name, there were investigated mechanisms of circular causality in
biological and social systems (von Foerster and von Glaserfeld, 1999). This had to
do with governing systems because they are autonomous units: although they
interact with their environment, they make internal changes and adaptations only in
relationship with interior elements. Therefore, such systems cannot be externally
predetermined; on the other hand, they can be influenced in their behavior.

A system has cyclic processes that can detect certain internal imbalances and take
corrective action to restore balance. These are called “control systems”, and
require feedback. For each aspect distinguished by the system, the current
situation is compared with the goal position; if there is a difference, it means that
the internal process that leads from a stimulus to an action must be corrected. The
correction is made based on the difference observed.

The human body can be used as an example of the above: if an athlete is running,
his' muscles produce heat. As a result, his body temperature can rise beyond
what is “normal.” If this happens, it activates an automatic correction process
called “sweating”, which will reduce body temperature until it regains the balance of
approximately 37 ° C.

Cybernetics is betting that these principles which have worked so well in the
development of life on our planet, must also be valid for designing systems in other
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domains, specifically in management. We define “management” as the
transformation of information into action (Forrester, 1994), and vice versa.

We call the reader’s attention to these questions: “Who defines the dimensions for
comparing a target with an observation, the levels that are determined as the goal
and the way the system works to correct differences? And how are they defined?”
These are important questions for those who design systems; our proposal
provides a possible answer.

Beer (1981) proposes the concept of the “viable system”, in which organization is
designed as an ecology of subsystems in five levels.

Table I. Levels of the viable system model

System Definition Our case
1 Subsystems (viable) that interact | Each course carried out by our
with the medium trainer
2 System of coordination to avoid | Various plans for avoiding
oscillations between Systems 1 | blunders
3 Short-term system of direction Coordination of active courses
4 Long-term direction Improvement of courses (not
considered in this article)
5 Avoid oscillations between Executive coordination of the
Systems 3 and 4. training system (not
considered in this article)

From cybernetics we retrieve notions of autonomy and control (in the sense of
“error correction”).

Double-loop learning

We define “learning” as a change of behavior (action) that gives better results,
according to the criteria of the system that speaks of learning (Maturana, 1997).
This definition is compatible with two others which, apparently, contradict each
other (Weick, 1991):

e Learning is when a new behavior is observed when facing the same stimulus.
e Learning is a successful conduct when facing a new stimulus.

These two definitions speak of observable behaviors. However, the behavior can
be internal (not observable from the outside): an idea, an understanding, or
greater “certainty” about an idea. Our conceptualization approaches all the cases
in such a way that the motor of learning is to recognize a difference between what
one wants to obtain, and what one has. In this sense, we recognize the cybernetic
idea.

Thus, the necessity of learning is considered from different perspectives. For
instance, Bateson (1990) posits various levels (0: becoming informed; 1: changing
the behavior, 2: learning to change e behavior). Bohm (1980) argues that when a

Revista Electrénica de Investigacion Educativa Vol. 4, No. 2, 2002 5



Schaffernicht & Madariaga: Using cybernetics...

course of action gives unsatisfactory results, then our understanding fails. If we try
to solve the problem without a prior correction of our ideas, we will only reproduce
the problem in another form.

Argyris (1993) proposes a simple cycle of action-control, like the adaptation of
internal values within a stable framework, and a double loop as the review of this
same framework, which would satisfy Bateson’s Level 2 as well as Bohm’s idea. In
Kolb (1984) there are shown more cyclical focuses, but no double loop; Kolb
himself does not follow an approach with ordered cycles.

We appropriated the idea of considering two levels of learning. Furthermore, we
follow Argyris when he says that the representations actors make of their activities
are not appropriate by default: they have to be put into practice to see if they are
valid.

Learning in a directed (focused) manner requires specifying the rules and
respecting such designs; thus the knowledge expressed is empirically confronted,
and clarity is obtained regarding its validity.

Quality Management

By “quality” we understand the degree to which the perceived qualities of
something—product or service—satisfies the expectations of the users or
recipients. It is obvious that there may exist differences between expected and
perceived qualities.

Under this premise we consider as a “controlled variable”—controlled by the
system itself—the phenomenon known as “Heisenberg’s property” (Martinez,
1998), which consists, in the words of Oppenheimer, of “any action to take a
measure or to study what happens in the atomic world, creates, in spite of the
whole order of this world, a new situation, unique and not fully predictable
“(Oppenheimer, 1954, p. 62). We understand that while we exist, none of our
actions is exactly the same in its consequences as other possible acts; so we
cannot escape the need to choose, and we find ourselves projected into the world
(Heidegger, 1993).

This makes it plausible to use organizational learning techniques to improve
management quality.

Proposal of a focus for self-improvement

2.1. About the calculation with qualitative information

In all education systems where the scores “very good”, “good”, “satisfactory” or the

like have become ordinal numbers (1, 2, 3 ...), one begins to calculate as if they
were cardinal numbers. However, the distances between a score of 5 and 6, for
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example, are not necessarily the same as that between one of 2 and one of 3.
What, then, does it mean when we say that one student has 5.5 and another, 5.6?

Conversely, there is a tendency to assess in qualitative terms, that is, no
calculations are made to sort students by name. While this avoids meaningless
calculations, it opens the door to inaccurate evaluations.

In a logic that seeks evaluation to promote corrections (improvement by eliminating
the cause of the error), exact information is required, especially if we consider an
assessment formula that does not distort the information, but permits various
degrees of globality/detail. The following considerations clarify how:

e For each competition, at some point something can be said about the degree of
control that each student shows; this is equivalent to a score at the level of
micro-granularity.

e For each competition, there can be specified a threshold domain that each
student must show to display a minimum threshold of approval.

e Each competition is part of a larger grouping (theme, unit or subsector). Each
grouping has, then, a specific number of members who present at any time a
profile of achievement per person.

e For each student there can be determined, at any time, the percentage of
competencies in which she has already obtained or gone beyond the threshold
of satisfaction by group, thus including her overall situation. By comparing a
goal with that percentage, we can know whether a student has a problem or
not.

e A comparison of two consecutive images reveals learning as the change in the
domain of competencies.

2.2. Two management domains with different temporalities

When teaching a set of skills to different sets of students in different periods of
time, one tries to teach repetitively: thus, each course can be understood as a
particular experiment for showing that set. We distinguish two levels in this
operation:

¢ Between two repeats of a course, there is an opportunity to learn from what has
happened, and to improve the course.

e During the operation of a course, one must take advantage of all emerging
information to prevent or resolve problems.

In this article we concentrate on the second of these cycles.
2.2.1. The long-term domain: course design

In a course, there is proposed a set of activities, developed in the form of a set of
materials, to permit students to achieve competencies. There are here certain
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freedom of choice and design spaces, depending on the level of the education
system where we are located.

Table Il. Decision-making Competencies in the ENLACES organization

Object Body responsible Higher entity (cz)
for execution (Eu)
Required as a set; only the
sequence may be Autonomy of

changed, or something design
may be added.

Themes or units
(sets of minimum
competencies.)

Autonomy of

Key objectives Obligatory design

Activities Autonomy of design
Materials Autonomy of design

We appreciate that some elements are designed at the higher level, and level
“system 1” should accept them as such; let us emphasize that the quality of the
design is the responsibility of the designer: the EU cannot improve what the cz must
design. In turn, the cz cannot improve what it designs if it does not have adequate
information provided by the Eu, which accounts for the quality of its activities and
materials.

Consequently, at the end of an iteration of the course the success of its activities,
materials and skills can be evaluated. If objectives (thresholds of satisfaction)
have been specified, then they can be compared with the student population’s
achievement, and they can proceed to the changes that seem to be appropriate. If
an activity is designed to enable all students to learn 100% of the competencies
mentioned, but the students’ average achievement is less than 100%, then we
know that this activity should be improved.

2.2.2. The short-term domain: operation of courses at three levels

During an iteration of the course, activities, materials and skills cannot vary except
in cases of emergency: this means recognizing that what was planned would be
worse than an improvisation, and obliges to reformulate the elements in question
by official communication. It is hoped to maintain the course as provided in the
plan and use different compilations of information to evaluate the elements based
on the recorded experience:

e Each student is individually responsible for her learning and for conformity with
her evaluation.

e Students who learn together make up a group.

e The teacher is responsible for the course and for the learning success of his
groups of students.

Each of these levels of control is found at a level of granularity: The teacher has
groups, and each group has students. Therefore, the smallest unit of assurance
will be the student, and the greatest, the teacher.

Revista Electrénica de Investigacion Educativa Vol. 4, No. 2, 2002 8



Schaffernicht & Madariaga: Using cybernetics...

Our process operates with a set of indicators defined for each of these levels. On
this basis, there are mounted three double-loop cycles (Argyris, 1993), which
express more fully the incorporation of cybernetic concepts, double-loop learning
and quality management, which are presented below.

2.3. The improvement cycles

2.3.1. The general double-loop intervention and self-adjustment

The following overview diagram presents the cycle stages (the same design for the
three levels we distinguish):

4. Make
observations

5.Calculate
base
indicators

6. Calculate
specific

../ 1. Determine
objetive

7. Distinguish
cases

3. Define
thresholds
problems

Figure 1. General schematic of the process of early detection

2. Define
forms of
intervention

In this diagram, the ovals represent our activities. By answering the open question
in the section on cybernetics, we recognize that we have defined the goals that are
important to us (activity 1). For each objective, we defined the required standards,
we called them “thresholds” (activity 3). In the second point we defined what to do
to correct differences. After defining these three concepts we were able to use
them to: make observations (activity 4), calculate basic indicators (activity 5) and
specific indicators for each level (activity 6), distinguish problems (activity 7), and
intervene (activity 8).

In this way three cycles were established: cycle 1 (indicated by the open-tipped
arrows) distinguishes between individuals (students, groups, trainers) who had
problems (their profile did not satisfy the thresholds) and those who did not have.
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To each problem was assigned a tactic of intervention, according to the rules
defined.

According to the experiences of intervention and the fulfilment of expectations, the
second cycle (solid-tipped arrows) proceeded to adapt the thresholds of
classification. Along with the threshold is mentioned the value adjustment. If
during two iterations, the problem to which the threshold points was not resolved,
then we considered that the threshold was not adequate. If it was minimal, it went
up; if it was maximal, it went down, according to the fixed adjustment step. If for
two iterations there was no problem, then the threshold was analogously relaxed.

Finally, there was a third cycle (arrows with dotted lines) which consisted in
redefining the dimensions and forms of intervention. This cycle was activated
when the other two cycles, together, did not achieve the expected results. By its
nature we could not automate it; therefore, the first two cycles were implemented
on computers and the third remained a human task.

In general terms, the expectation was that possible problems should be resolved
during the period that elapsed between two iterations of the respective cycle.

Let us now review the particular aspects of each level.
2.3.2. The operating cycles of courses at three levels
2.3.2.1. The cycle for students

The basis of all calculations are two indicators. Let G be the g groups in training,
and A, the a students; we have C competencies that can be classified as
satisfactory (+) or not (-), and S the total number of work sessions, of which s is the
last performed. We can define:

¢ Indicator of mastery of competencies at the time s (corresponding to the last of
the S sessions of the course carried out so far): IDCs = )

the number of competencies mastered in relation to the number of

competencies the students should learn.

. _ S
e Indicator of advancement (the group) at the time s:  1ATs = 3
the number of sessions completed in relation to the total number of sessions.

e Each student was supposed to achieve or exceed the threshold of satisfaction
of each competency, in the time available. In general, we expected that
between two times, the achievement level of each student would be raised. It
would also be reasonable to believe that there would not be much difference
between students in the same group. Finally, we believed that the problems
which might appear at one point or another, would be resolved in an acceptable
period (we specified a month for all the levels).
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Encouraged by these ideas, we could identify the areas that interested us:

IDC;s

e Aspect of progress between sessions s and s-1 (the previous):  APSs = DC
s—-1

IDCs

S

. With 100% of the

e Aspect of domain-time synchronization: ASDTs=

sessions covered, students had to master 100% of the skills; the relationship
between the IDC and the APs anticipated whether the progression was
appropriate.

IDCa,s

g,s
the IDC of a trained individual a with the IDC average of her group g, at the time
of the last session s held.

e Aspect of cohesion with the group: ACG:=

the relationship between

For each of these aspects, there was defined a threshold of satisfaction: if the
aspect was satisfied, we were fine; if not, we had a problem in that area. We could
define:

SIAPSs >=thresholdars — 0
problem P,1: .

SIAPS:s < thresholdars — 1

SIASDTs >= thresholdasor — 0
problem P,2: .

SIASDT;s < thresholdasor — 1

SIACG:s >=thresholdacc — 0
problem P,3: .

SIACG:s < thresholdace —» 1

We also distinguished the aspect of overcoming problems, which was the basis for
defining:

{Si " Pals -1+ Pa2s -1+ Pa3s-1=0

problem P,4: Si:Pals-14+ Pa2s-1+Pa3s-1-0

We would say that a student has a problem when Pal + Pa2 + Pa3 + Pa4 > 0.
2.3.2.2. The cycle for the groups of students

Each student group was expected to move forward in a fairly homogeneous
manner: if there were too many individuals with problems, we would say that the
group had a problem. We also compared each group with other groups taught by
the same teachers, and if a group fell too far behind the others, there was a
problem. As in the case of students, we wanted to avoid potential problems.
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The indicators we constructed for this purpose were:

n

> i(problem)
o Aspect of homogeneity of the group: AHG=-+———— |

i
where n is the number of students. Z‘

. IDCs,
e Aspect of cohesion with the meta-group: ACM =— :

iZ=1:|DCs,i/m |

where m is the number of groups g in G. IDC is the relationship of the group g with
the average of the IDC of all the groups in G.

For each one of these aspects, there was defined a threshold of satisfaction: if it
was right, then we were fine; if not, then we had a problem in this aspect. We
could define:

SIAHG:s >= umbralave — 0
problem Pgy1: .

SiIAHGs < umbralase — 1

SIACMs >= umbralacm — 0
problem Py2: .

SIACMs < umbralacm —1

We also distinguished the aspect of overcoming problems, which was the basis for
defining:

problem Py3: Si:Pgls-1+ Pg2s-1=0—0
Si:Pgls—1+Pg2s-1-0—>1

We would say that a group had a problem when Pyl + Pg2 + P43 > 0.
2.3.2.3. The cycle for the teachers

In a manner very similar to that of the groups of students, we could distinguish
various aspects related with the teachers. We could observe in the homogeneity
between their groups: how many of the total number of groups had problems? And
how did the indicator for mastery of competencies in their group look when
compared with the total population of groups? As in the other levels, temporary
problems were not supposed to persist.
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The indicators we constructed for this purpose were:

n

> i(problema)
e Aspect of homogeneity of the meta-group: AHM =-12—— :

where n is the number of groups.

e Aspect of cohesion of the meta-group with the universe: ACU :m'DA

; IDCs,i/m |

where m is the total number of meta-groups.

For each one of these aspects, there was defined a threshold of satisfaction: if it
was the right one, then we were fine; if not, then we had a problem in this aspect.
We could define:

_ SIAHM:; >=thresholdaxwm — 0
problem Pql: {siAHMs < thresholdanm —1

_ SIACUs >=thresholdacu — 0
problem P2: {siACUs < thresholdacu —1

We could also distinguish the aspect of overcoming problems, which was the basis
for defining:

prOblem P43: Si:Pdls-1+Pd2s-1=0—-0
Si:Pdls-1+Pd2s-1-0->1

We would say that a group had a problem when Pd1 + Pd2 + Pd3 > 0.

3. The first experiment

In the framework of the Executant Unit of ENLACES, of the University of Talca
(Chile), we had adopted the system described. The process had been
implemented in an information system. Only in this way was it possible to process
the number of base observations: for a population of 2,000 students who had to
learn 100 competencies, there were 200,000 records registered. With the
challenges of computer implementation overcome, there is now in operation a
system of web pages by which to access a database which organizes all the
information.
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The configuration of the thresholds was adjusted during the first phase of their use;
as a result of some iterations of automatic classification evaluated by the
coordinators, appropriate thresholds have been assigned.

Starting with the time the information system began to function, we have observed
changes in two domains: the roles played by the various actors in the organization

of the ENLACES project, and the configuration of the problem-detecting process.

Table Ill. Roles and role changes

Actor Traditional role Change provoked by New role of the actor
the system
Learn and inform him/herself
Attend the course, be _ about hls/h_er present state of
: See the evaluation competencies (which define the
Student concerned with the . . ) . .
. almost in real time. scores); be coordinated with the
final grade. ;
trainer when there are
guestions or disagreements.
Need to make
observations for the .
- ) . Train, observe, record
Teach the material; implementation of the :
Teacher ) L observations and overcome
grade course; see indicators ; .
. lags in learning.
of problems almost in
real time.
Random Inspections; Monitor indicators of unsolved
. hear complaints so as - X
Pedagogical to realize that See indicators of problems and intervene to help
coordinator of . problems almost in real | the trainer to overcome the
) something is not !
the project . time. problems.
working well.

We observed that when we used the process designed, there emerged a form of
organization comparable to the “viable system model” (Beer, 1981). The indicators
are a relatively objective basis for discussion among the actors—students with
teachers, teachers with coordinators—and communications have become more
productive.

The temptation to see the system as Big Brother is great. However, in its current
definition, the roles and the use of the indicators with different time horizons keeps
as much autonomy as possible at the students’ level.

The introduction of our system has had its effects on the process itself, by
changing the indicators due to the discovery of problems not previously
considered. For example, it has incorporated an indicator of punctuality for the
observations to help the teachers register their considerations promptly. We
accept as punctual the set of observations regarding a student with at least one
upgrade during the past month. This assumes a percent of current PRA records,
which can vary between 0 and 1.
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problem P,3b: SiPRA=1—0
SiPRA<1—1

We also discovered the need for incorporating the current grade, for the sake of
those students who had problems in making a mental connection between their
profile and their indicators with that grade. The grade is determined by the relation
between the points the student has obtained to date, and those which he can
obtain on completing the course.

It should be emphasized that the indicators do not help diagnose the causes of
apparent problems, but merely point out that something does not work: they are
like a fuse. The focus is open that is, at any time we can understand that another
indicator is needed, and perform steps of higher order learning that will allow us to
improve the way we detect and correct problems.

We now know and manage each individual case, improving the quality of our
service to students who really want to learn. Each participant in the process
(students, teachers, coordinators, supervisors, etc.) has the opportunity to learn
with a high degree of specificity the strengths and weaknesses of the
competencies acquired during the teaching process. Thus, the more or less 1,000
students for 2001 have access to detailed information. The automatic calculation
of grades provided by the system not only accounts for a quantitative aspect, but
also a qualitative one, since it can be verified by any interested party. However,
we cannot say that the difference between the grades obtained before using the
system, and at this time, account for the difference between the learning achieved
then and now. In spite of a greater current exigency, no conclusions can be drawn
about performance. Still, we can say that the system fosters a stimulating
environment for the autonomy and self-reliance of our students and teachers, and
that our certification process is based on an objective, transparent and
intersubjectively stable process. Our process leads us to recognize and anticipate
problems, which is a prerequisite for improvement.

As presented here, we have an imperfect system, but one able to perfect itself so
as to serve those who want to learn. We feel ourselves fully identified with the
Indo-European root of the word learning, which means following a path.

4. Conclusions

We propose that a process of detection of possible problems with proactive
resolution tends to improve training. We have shown the general design of this
process: it means a system of rules organized in cycles at various levels, which
not only classifies individuals, but also explains how these rules are configured
from our own experience. This system can be understood as a cybernetic device
and as a learning-action device.
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In spite of our limited empirical experience, we hold that this design is useful (its
description goes beyond the framework of this article) for the following reasons:

e We have been able to detect and overcome problems in the behavior of the
trainers;

e We have identified and overcome weaknesses of the system of indicators itself;

e We have obtained a change in the roles of the students and the teachers;

e The transparency of the evaluation system has contributed to diminishing the
number of complaints about grades.

However, we must point out that today we are the only users of this cybernetic
focus; we suspect that the low rate of adoption is related with the effort required,
and with the high transparency it generates.

We believe that this proposal is applicable in other training contexts. Obviously,
our affirmation is subject to future research in case studies. Our efforts are
currently directed toward the university environment.
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Translator: Lessie Evona York-Weatherman

UABC Mexicali

! Translator's note: Before the feminist movement arose, in situations including both genders it

was customary to use the masculine pronoun. Today, however, pronouns of both genders are used
to avoid what is now seen as sexist language. To avoid the awkwardness of continually using
“s/he”, “his/her”, we shall, in this paper, sometimes use the feminine pronoun, and sometimes the
masculine.
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