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EVALUATION AND EDUCATION IN SCIENCE

BABACAR GUEYE

1. INTRODUCTION

Be it explicit or not evaluation always comes along with teaching (oral
and written tests, exam papers, etc.) That is why it may have a central posi-
tion in all well-thought of curricula.

However it is common knowledge that the evaluation part is the most
difficult curriculum component to set up. That is why in Education Science
it has been considered as a special field of investigation for so long.

Docimology — a subject that concerns itself with evaluation in order to
disclose good and bad practices and then consolidate the former and
improve the latter has gradually gained ground into evaluation research.

If many researchers have tried in the past to define the evaluation con-
cept in a more or less successful and appropriate way, today we must agree
that most of them put evaluation at the service decision making (STUFFLE-
BEAM 1980, De Ketele 1993).

For De Ketele, evaluation means to

— collect a set of adequately appropriate, valid and reliable information

- study the adequacy rate between this set of information and another
set criteria suitable to the assigned objectives from the onset or streamlined
on the way, in order to make a decision (De Ketele, 1993).

This definition corresponds to an epistemological change as if nowa-
days a fully documented decision making seems to be the stated objective
of evaluation, the unique will to pass a value judgement from measures
had seemed to overrate any other considerations for a long time.

As a mather of fact value judgement and decision making are the two
stages of the same process. Any decision making stems from a value judge-
ment on the people’s actions or performance in relation to implicit or
explicit objectives.
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Another definition of evaluation considers that it should help determine
congruence between performance and objectives that is Tyler’s definition
stated as follows.

“The evaluation process mainly consists in determining to which extent
the education objectives principally aim at changing human beings, that is
the objective is to cause desirable changes in students’ behaviours, where-
as evaluation is the process consisting in determining to what extent these
behavarioural changes are actually occurring (Tyler, 1950)”.

Therefore it could be stated that the evaluation issue is mainly rooted
on the following questions

What is to be evaluated?

When and why evaluate?

How to evaluate?

Our paper which is focusing on the teaching of sciences develops with-
in that range.

2. THE TRADITIONAL FUNCTIONS OF EVALUATION

2.1. What is to be evaluated?

The usual answer to this question is provided by the school conception
that stages the following steps in the design of any programme.

— Determine the objectives that should be aimed by the course or the
programme

— Choose the learning experiences that will help reach those objectives

— Organize those learning experiences

— Determine to which extent those objectives are attained (FURST, 1964).

The point is then to evaluate the objectives, more precisely the objec-
tives in terms of behavariours if Tyler's (1950) and FURST'’S (1964) defini-
tions are brought together.

The basic task is, therefore, to assess the objectives and categorize them.
All this resulted in the already familiar taxonomies (Bloom, d’Hainaut, etc)
which have, each attempted to assess, describe and categorize what the learn-
er should be able to achieve what ever subject content may be used as support.

The first taxonomy, that of Bloom published in 1956 lists six levels
(knowledge, comprehension, application, analysis, synthesis, evaluation)
was used in Quebec as early as 1964, then in Belgium in 1972 for evaluat-
ing learners.
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Such a method had a strong point as it rationalized systematized and
evaluated an educative action which had too long been left to intuition,
sensibility and common sense (De Landsheere, 1975).

However that has been a major criticism against it. The use of tax-
onomies entails too strong a focus of evaluation and teaching on atomised
behaviours which do not take into account the initiative and desire of the
learner who is thus compelled to quasi inactivity.

2.2. When and why evaluate?

It is customary to evaluate while learning is in progress (oral & written
quizzes, progress tests, etc) or on completing a syllabus (exams, contests).
Those two evaluation forms use to be kept apart by SCRIVEN (1967) who
calls the first on while Training Evaluation and the second End of Training
Evaluation. They are different not only in terms of the time when they are
administered, but also in terms of the reason for their administration in the
application of teaching programmes.

The while-training Evaluation (Progress Test) may be defined as a con-
tinuing evaluation process aiming to ensure every individual's progress in a
learning strategy in a view to alter the learning situation or the rate of that
progress in order to improve on remediate (if applicable) it.

The end-of training Evaluation (achievement test) which tends more
and more to be referred to as Certification Test is defined as the one that
leads to a binary decision for a pass or fail in relation to a learning period,
for granting or denying someone a promotion, for continuing or stopping
an action (De Ketele et Roegiers, 1993).

2.3. How to evaluate

In many countries it up to the teachers in charge of one course who
design the evaluation (progress and achievement) tests and the learner is
supposed to demonstrate his/her competence through a written produc-
tion: it is the well-known “per and paper” test.

The oral tests are indeed administered, but writing is a given more
focus with a higher coefficient.

Two main techniques are usually employed in school tests

— The so-called objective test when the learner has to choose the one
correct answer from others which are not. This kind of test resulted from
the early applications of taxonomies, namely in Canada in 1964 and in
Belgium in 1972 as far Bloom’s taxonomy is concerned.
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— The composition, an answer in a written form which allows the learn-
er to produce some more elaborate response, presented in an organised or
an original free way.

In the field of sciences, the composition has developed from a tradi-
tional form in one question, one sentence or one word alone to a more
structured form with several questions requiring more or less complemen-
tary answers extracted from provided documents.

That change occurred while the methodological procedure was being
introduced in the teaching of sciences which allows both discovering and
understanding phenomena.

3. CONTRIBUTIONS OF DIDACTICS TO EVALUATION

Subject areas Didactics seems to me more comprehensive and system-
atic to report on the impact of evaluation on the teaching of Sciences,
which is the reason why | have chosen it as a scope for this discussion.

If Didactics was originally, indeed, a new approach to educational
issues, it has to be noticed that it has presently expanded beyond the school
field. Now it deals with all the communication settings, be they formal, non
formal or unformal.

Coming back to the school setting which the object of our concern, let
us consider that the Didactics of a given subject area both looks at class-
room proceedings and at what happens in the learner’'s mind.

In short, it has to do with the way messages are encoded and transmit-
ted, in priority, but most principally with “how learners learn” and how they
interact with the learning contents and the teacher’s strategies.

Didactics positions itself at the crossroads of the three following domains.

— The subject area domain (programme — contents — objectives)

— The psychological domain

— The pedagogical domain

It calls upon each of these domains if need be, to give a definition and
meaning to the school tasks, depending on the obstacles facing the con-
ception and acquisition of knowledge and skills. Today, didactics has iden-
tified two short comings in the teaching of Sciences.

First school has generally restricted evaluation to the sole field of
learning.

Second, the quality of the evaluation battery in use is so poor that it has
negative consequences on the whole curriculum
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Be it in the form of a progress or an achievement test, evaluation in the
teaching of sciences is only geared towards learner acquisitions. However,
as far as the teaching field is concerned there are other contests which
require the collection of reliable and valid data before decision making.

— First, it is now common knowledge that actual teaching is preceded
by the teacher’s awareness of his learner's ideas. Which will help him take
into account libely problem areas when planning lessons.

— Second, the teaching tools used as supportive materials learning bear
information and values that are worth disclosing for optimal efficient use.

— Third the different evaluation results also include useful information
on learner behaviour and how it operates.

As mentioned above, evaluation in the teaching of Sciences is today
confined to the results of acquisitions. Given this situation, the Didactics of
Sciences, through its research results has revealed thanks to a more sys-
tematic vision of the teaching act, other fields, other instances when evalu-
ation may play an important role in the quality of learning of teaching aids
and reinforcement that may be granted as shown in the grid below.

EVALUATING MEDIATION

MEDIATOR WHAT 17O EVALUATE

Characteristics, questions,

1. Knows the targets interest, conceptions,
thought procedures
Knowledge

2. Has objectives Know-how
Attitudes
Teaching aid Posters

3. Has communication resources Films Teaching modules
Books
Space

4. Has constraints Time
Funding, etc...
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3.1. Diagnostic evaluation

If the teacher pays some attention to “errors” made by learners on such
or such a concept or scientific reasoning, he realises that some of those are
made again and again on a regular basis.

It was logical for didactics to look closer at errors. This is how
researchers discovered that prior to a course on a given topic learners had
a number of ideas on it, their own explanations of some phenomena and
interpretation of the environment surrounding them. Those prime ideas,
those rough elements in the learner’s brain that most often opposed to set-
tled scientific knowledge are referred to as conceptions or representations.
The sciences didacticians started evaluating those conceptions. If the learn-
ers’ conceptions issue has been raised since the works of Piaget, its sys-
tematic study started in France only with the works of Pr. Giordan (1975,
1977, 1978) who came to realise like other researchers that learners tended
to forget most of the scientific knowledge acquired at school or in other
terms the “pedagogic yield” that is the amount of knowledge acquired in
relations to the time spent at school is very weak, even non existant, at
times. Presently over (w) three quarters of studies published in sciences
didactics deal with conceptions they fall into three categories.

— Descriptive researches
They assess learners’ conceptions and draw up questionnaires, etc, kinds
of catalogue. Unfortunately, they wank, | believe, as the most numerous.

— Explanatory researches
They go beyond mere categorisation of conceptions, they aim at identi-
fying the mechanisms that generate them and how they operate.

— Applied researches

They are few however they seems very important to me as they try to
install teaching strategies usable in class and taking into account learners’
conceptions.

All these researches are credited to put the lear back at the beginning
and end of the education act and have made obvious what follows.

— Before any teaching learners have conceptions, ideas or reference
framework allowing them to capture the different messages.
Here are a few examples about the digestive apparatus (Giordan, 1988).
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Document 1. Two different conceptions of the digestive apparatus. In Case 1 There is a
confusion with the excretion apparatus and the continuing part of the oesophagus leading
to the bladder. In Case 2. Two canals (one of them would represent the trachea) One for
solids — This shows that the learner is always active he always functions with prime ideas
at back of his mind. Conceptions are extremely difficult to eradicate. If the teacher does
not take them into account what is taught will only transit, as shown in the example below
still about the digestive apparatus (Giordan, 1988).

AVANT JUSTE APRES... UN PEU PLUS TARD !

o ATV
5°‘c"—c

Document 2. Evolution of a conception of the digestive apparatus after the lesson.
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3.2. Evaluation of Teaching aids

In the teaching of experimental sciences, the teacher often resorts to
aids of icaried kinds in order to create situations that favour actives learn-
ing. This how he moves from exposure to demonstration at to problem solv-
ing at times. In such situations they help the teacher reach move easily the
targeted objectives allowing learner to build up knowledge by themselves.
They also permit to engage into activities which would not be possible,
other wise.

For a number of years now, teaching research has been stressing the
fact that teaching materials (books, films) carry information and even val-
ues that deserve evaluating before use not only avoid embarring situations
but to assess their efficiency. Here are a few examples taken from school
text books.

ExAmMPLE 1.

Manger et &tre mangé

Line chalne aimentaire simpls

ﬂiﬂl‘“ﬂllﬂﬂl:'ﬂ:m_-ll'

Document 3. The food chain in ecology. If the drawing on the left may be receivable for its
simplicity, that on the right is hardly acceptable. Moreover, judging from terminology
familiar to learners, this has nothing to do with a “chain” — “Chain” refers to a sequence of
rings as shown below.
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Document 4. Another representation of the food chain concept. But here, the arrow does
not mean “is consumed by”. This is a semantic and conventional puzzle which needs to be
evaluated and straightened up for a better understanding of the food chain concept.

EXAMPLE 2. Information about tooth hygiene.

brossage soigneux,
sourire radiewux.

Document 5. Children-geared information.

— The adjective “delightful” is not part of the 8-10 year old children’s lexicon.
— The tooth brush is spotted by less than one child out of two.

— Bacteria are not identified by 75% of children.

— Worse most children even cannot identify the tooth.
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ExAMPLE 3. Measuring gas photosyntetic exchanges.

Document 6. Graph of principle of the gaz photosynthetic exchange measure.

enceinte
en plastique transparent

< circuit d'ar
lumiére

analyseur de gaz

Document 7. Another graph of the principle of the gas photosynthetic exchange measure.
First of all, it can be said that despite a few symbolic differences the two graphs taken from
different text books seem to represent the same experiment.

However a closer does not take into account of all sorts of gazes which might due to the
numerous organisms of the soil, be emitted and disturb the composition of air within the
cover. Little cause in the teaching materials great effects on the reasoning and rigorous,
procedure which are characteristics of experimental action.
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3.3. Evaluation of evaluation tools

If one goes beyond the good wishes expressed by official texts on the
evaluation of learning in science in search of habits settled and the very
practice of the different tests designers, one discovers that in the whole,
the pathology of evaluation in sciences goes beyond the long-critised sub-
jectivity of judgements passed by examiners. It is founded on its chroni-
cal lack of validity relative to the stated contents and objectives, validity
being defined by the extent to which tests evaluate what they are sup-
posed to evaluate.

In many countries, teaching is centred around acquired knowledge. The
starting point is university knowledge already built up, then, a list of themes
followed by a list of teaching contents which rank high on the programmes
of the educational system.

In the case of achievement Evaluation in Sciences, when a categorisa-
tion by themes of topics suggested over a fairly long periods is carried out
and compared to the prescribed programme, it can be noticed, that in most
cases in practices, all the programme, it can be notices, that in most cases
in practice, all the programme chapters are not given equal treatment.

This allows to find out that there is a sort of an implicit value scale
according to which certain chapters are more frequent. Others occur from
time to time while one category never appears. A times a clear cut discrim-
ination between the different notions and concepts can be notices within
the same chapter.

A systematic study of objectives from the questions usually asked in sci-
ences tests shows that contrary to the state and documented desire to move
science teaching towards experimental procedure and scientific attitudes

Questions that require the use of acquired knowledge are the most fre-
quent, in spite of the misleading appearances of the different instructions
used by designers in setting questions (Analyse, Interpret, Deduce).

In fact learners are asked to show what follows:

- specific knowledge

— mastery of one (or more) problem solving (strategy[ies]), type(s)

— (exceptionally) skills to analyse a situation under study (Johsua, 1983).

Let us take the example of the evaluation of the learners’ skill to form
hypothese. It is noticed that the existence of familiar laws whose demon-
stration has necessitated hypothese known to the learners after they have
been taught in class does not leave much room to questions evaluating their
skills to form their own hypothese.
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Indeed, when learners are faced with such questions, they look back
into the set of explanations they already known for those that can fit, as
they are never asked to exclude any hypothesis, but to choose the best.

Ultimately, the whole issue is only related to constructed automatisms
solely for the monitoring of knowledge in the frame word of a closed systems
whose importance is nothing else than success at the exam (Johsua, 1983).

As for the affective objectives, they have not all been evaluated (it must
be agreed that they are difficult to evaluate in the framework of a “pen and
paper” test).

The consequences are that, after a certain time, the examination turns
round typical questions which are the object of swotting such as the exam
tasks of analysis, interpretation or even explanation will require declara-
tives or procedural knowledge transfer.

This is mainly explained by the fact that all the given exercises are put
forward in the frameworks of a pen and paper test, which does not allow
learners to face a real problem, that is a more or less new situation whose
answer must be built up not retrieved automatically.

Moreover, in the countries where, for sometime, people have cherished
the idea of making learners acquire, about the themes on the programmes,
certain basic concepts and procedures from one or two examples, then to
make them show during the evaluation what they have learnt though a
transfer to a context not dealt with in class, have waken up from that dream.

It is noticed rather an insidious knowledge inflation phenomenon in
the chapters focused on at the exam, as every time a new example came
up at the tests, it was systematically swotted on the following year in class
on teachers’ more initiative finally, overwhelmed by a mass of observa-
tions, subjects or definitions, most learners have no other solutions than
learn as many of them as possible by heart. The sequence observation-
memorization.

Monitoring and oversight becomes frequent practice instead of the
opposite: observation-use of concepts-interpretation-relation with wider
concepts-problem solving (Novak, 1970).

4. CONCLUSION

At the end of this analysis | think to have widely proved that it is quite
possible and useful, and even urgent and compulsory to widen the evalua-
tion field in the teaching of sciences to the differentes questions that under-
lie the evaluation issue and the need to make decisions only when fully
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informed widely claim for such expansion. The adoption and the practice
of such a systemic vision in scientific teaching will without any doubt,
allow to improve it qualitatively. This improvement is dependent up on the
quality of it's the learning evaluation tools.

In the teaching of sciences, as it seems presently, achievement testing is
more debatable than progress testing.

Indeed the pseudo-democratic centralism used to administer in a more
transparent an fairer way the evaluation of objects resources does not permit,
during the achievement test, to muster all the didactic available to the sci-
entific disciplines in their every day teaching in every school institution,
owing to the number of candidates and the limited time allowed to the exam.

To solve this problem of evaluation in the teaching of sciences it is desir-
able to remember that whatever the philosophy and the content of a syllabus,
its actual efficiency is largely determined, after a number of years, by the
exam format for which the teacher has to train his learners (Guinier, 1980).

| believe that, for a project aiming to encompass all the ground aspects of
the evaluation in the teaching of sciences to be likely to get off the it is neces-
sary to tackle the problem through teachers’ initial and continuing training.

Indeed teachers’ straight forward training in theoretical, but mainly
practical and critical training is the challenge to meet for evaluation to
occupy its rightful position in the teaching of sciences.
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