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The purpose of this series of mimeographed publications from
the Danish Institute forZducational Research is to stimulate
feed-back on material of a provisional and sketchy noture,
from educators and psychologists engaged in practical work
and/or scientific research. ,

Attention should also be called to the Institute's fur-
ther publishing activity: those publications for general di-
stribution (published in book form by Munksgaard Forlag,
Copenhégen); and reprints from books, articles, etc., and
educational tests, all of which can be purchased directly
from the Institute. Information on publishing activity can
be found in the Institute's Yearly Report published in

mid-September.
This report may be copied in whole or in part, though

kindly with an explicit statement of source.

The reports are not for sale, but can be obtained in
limited numbers, free of charge, by contacfing directly the
author of the publication in question.
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FOREWORD

As part of the "Study liethods in Mathematics Project",
there will de published o series of duplicated reports,
similar to this, which together will describe the most im-
portant aspects of the projecct, oand will, at intervals,
bring the latest collected e:xperiences. The next report
will thus describe tne goals and most important fundaomental
concepts of the project.

The reports, which are Jdupliceted in only a few covpies,
are meant to stimulate feed-back from educationalists en-
gaged in teaching and from educational psychologists engaged
in educational research.

There will be attempted »~ form of exposition that is
ersily assimilcoted by both groups of readers.
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PROJECT SUIMARY

The primary goal of the project is to develop practical
study methods, which are especially meant for use by adults
studying mathematics - partially in classroom situations
and partially by more unstructured, self-directed learning
processes.

The first experimental subjects are the oldest students
(35=~55 years) in a number of highschool classes for educa-
tionally underpriviledged adults. The experimental situation
itself is built upon the use of ITV (Internal TeleVision),
interviews and verbalization of thoughts and feelings du-
ring the learning process; and focuses upon a detail~ana-
lysis of the single subject's individual learning process

Preliminary experiments have t: n completed with pro-~
mising results, and in December 1974 began the actual ex-
perimental and developmental work on the project.

7



INTRONUCTION

If one reads research reports, the cronologicall;
arranged report format can often astonish the reader with
the overwhelming impartiality of its internal structure:
the one segment apparently following the preceding, both
logically and naturally - therce do not appear to be any
other possibilities, nor are there any loose ends marring
the impression given.

The following sections are thought of as a humble
attempt to discontinue the use of such overstructured de~-~
scriptions, which claim to be self-sufficient - whole struc-
tures Jjustifying themselves.

By this mecns i1s also met the criticism of the last
few years of an inappropriate, if not directly manipulative,
self~-censoring by researchers of the attitudes experiences,
events, incidental impulses, biases, values, etc., etc.;
all of which actually lie behind the choice of the research
object and the determination of both closer and more distant
goals for the individual projects.

Thus, the intention here is to give a more opcn de~
scription of the basis of this specific project.



PROJLCT DACKGROUND

The H.C. grsted Project 1966-1970

In 1966 the Student Council of the Mathem:tics-Psysics
Department became onxious over the high percentage of
student failing the general methematics course (liathema-
tics-1) at Copenhagen University's H.C. Orsted Institute.
This course of study was the major preoccupation oi the
lst. year mathematics students, and was required zlso of
students in related fielas, ie. psysiecs, geography, ctc.
M-l was, in short, a bottleneck.

Contact was made with the author through the Insti-
tute's Department of Didactics, where he was a %iainec in
educational research at that time. This resulted in an
interview investigation in 1966-67 (Poulsen, 1968), where
it was sought to determine which study habits were the
most appropriate in regards to passing the M-l course of
study.

A set of study habits - which taken together correlated
significantly with the study result of the lst. year - were
successfully pointed out; and a dubplicated practical guide-
-line was written, tested and distributed to the students

(Poulsen, 1968 og 1969a).

Three years after the initial investigation (in 1969),
the same group of students was questioned about their study
progress by means of a mailed questionaire (45 out of 46
responded). Half of the respondents still studied mathe-
matics. The other half had dropped out of the mathematics
study, but had begun on other forms of educations, where
they managed well (Poulsen, 1970).

If one did a status today, there would appear to be
three major lessons to be learned of these investigations:
FPirst, that the study-methods aspect of mathematics learning
is a promising idea for attacking this question, but that '
interviews and questionaircs alone can not give satisfac-
tory data. Secondly, that these university youths are already

9



on th: right sidc of our society's educational gap, and
therefore are perhaps not the corrcct group to invest the
minimal pedagogical-psychological research resourscs in.
The third lesson is that there cxists an extraordinorily
close corrclation between study methods, teaching matcrial,
tcaching methods, ond cxamination reguircements. JStudy me-
thods applicable to high school arc simply nonapplicable
to a university c¢nvironment.

Research on the learning of mathematics

This section is bascd upon a somewhat more cxtonsive
discussion of some research reports (Poulsen, 1971) - an
investigation, which it is my desire to develop to an auto-
nomous rcport in a similar format to this .

If one looks at what psychologists havc investigated
in the tcaching of mathematics during the past ten ycars,
it will become apparcnt that they have, almost without ex-
ception, workcd with the presentation of the material to
be learned. They have modernized the curriculum, ie., they
have tried to write textbooks in a troader and morc casily
comprechensible cstyle, and have introduced audiovisual aids.
They have been concerned with the scquence of presentation
and with the tempo in which the tcacher should present the
material (for example, in both programmcd tcaching and the
work with gecneral textbocks); and they have sought to prescnt
the material in such a way thot the pupil is stimulated to
¢iscover the mathematical concepts himself. There have becen
made dozens of investigations in these aireas, buth they are
all primarily interested in what the teacher has to do to
make the learning more stimulating and easy. '

The rescearch where therce is made an attempt for a
better understanding of how the pupils thought, while they
learncd mathematics, falls also into this previously men-
tioned category. These projects concludc in concrcte sugge-
stions to new tecaching materials and directions to methe~
matics teachers and not to the pupils (Dienes, 1960; Xaplan,
1964; Land, 1963).

10




Beyond the themes mentioned hcere, some of thoe things
rescarchers have worked with arce: independent study" methods;
the relative cffects of diffeiring tcaching methods on lear
ning; corr=lating the charcctcristics of the pupils, who
hove taken part in "ceffcet" rescorch: and finally with the
c¢evelopment of tezts for uwce in Jdetermining proficicncy in
subjeect matter, intclligenc:, a

It is remorkable that in this large and varied group
of reports onc only finds a fcw investigations of the nupils!
individual study-methods. Thec weason for this cen be diffi-
cult to determine, but a lack of intcrest by educationa-
lists and a lack of rescarch instruments and methods have

tvitudes, cte..

pcrhaps been the most important iactors.

Buswell & Kersh (1956) and Newell, Shaw & 3imon (1960)
have attempted to describe thought processes in the solvi-~
of mathematical problems. In both investigations, the results
vere meaningfull c¢cseriptions, which clearly showed the
individual variations. o

kaplan (1964) and Tough (1967) were intercstcd in how
much individuals themsclves could direct their ovn leuarning
activities with beneficial results and in both casces it
proved to be possible:.

Poulsen (1968, 1969b and 1970) has done a longitudinal
study of individuals' study hcoits (the H.C. Crsted Project)
and found that it was possible to describe this aspcct of
the students' coursc of study by cmploying an intcrview-
-questionaire method; ond he found that university-level
students did not appear o bc able to determinc ~ppropricte
study methods for themscelves without assistance.

The results of these investigations can be intrepreted
such that in rcelity it is posgcivle to achieve practicol
descriptions of many aspects of the individual learning pro-
cecsses in the lcecarning of mathemotics. It must be remembercd
though, that in this rcscarch the subjects have becn, for
the most, high school and college students. Whether such
results can also be obtaincd when the research subjects are
not used to studying, will be determined only with further
rcgearch.
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If onc now considcers, which type of rescarch ig most
capable of provic 'ng knowlcige of the individual lcarning
proccesses, it will become a question of whether it would
not be of positive valuc to combine all the rescarch methods
used to date, in an intensive investigation of individuals!
learning of mathemctics.

Buswell & Kersch and llewell, Shaw & Simon dirccted their
subjects to describe, eithuer orally ox in writing, their
rcasoning, tapc-reccorded this "thinking aloud" and uscd the
subjects' notes togethor with these tapes in the following
analyses. Kaplan also attempted to register thc lcarning
processes by mcans of tachrecordings and thc subjects' notcs.

On the other hand, Touzh and Poulsen did not attimpt
to acquire detailed informotion on the actual problecmsolv-
ing phasc, but rather obtaincd descriptions of a longer
process in individual lecorning activity, by means of inter-
views and questionaires.

If one combined the registration of "thinking zloud"
and analyses of the subjects notes with structurcd inter-
vicws; and if onc further controllecd the results with direcs
obscrvations, it could be possible to obtain a morc practi-
cal and dccper understanding of the individual learning pro-

ciasses.

Rescarch on learming processcs

This section begins with a many paged quot: Ffrom another
report from the Danish Institute for Bducational escarch

"The background for the project is partially rescarch-
~methodical contemplations on the process=-product dis-
cussion and partiall; cn cstimation of the practicality
of the contents in dcvelopmental descriptions.

Prior to the 1960's, one could ascertain cn increcas-—
ing dissatifaction with rcscarch in problemsolving psy-
chology. Sincc the pionecrs, 3clz, Dunkcr, etc., had
begun using the so=-called "Thinking aloud methodV,
there have not becn any important changes methodically

12



or conccptionally. A large part of the investigations
are described in such ¢ way so that the activitices
appecar as somewhat advenced "party games". The cstonich-
ment that "highly intelligent" people also had Aiffi-
culty solving problecms of various naturc is somcthing
outstanding in the rcsult descriptions. The investigo-
tions, very oftcon, can be said to give synchronous
descriptions, ie. descriptions of the morc or lecss
specific competance of people grouped after vorious
dimensions: age, sex, socio~economic status, IQ, etc.

Post-hoc error anzalyscs dominated in the develop-
ment and precparation of results, with the number of
solutions as an outstanding parameter; while the ac-
tivitics which lay prior to the, (of the rescarcher),
definecd situation, ie, solving/not solving, werc not
considered.

Other background factors for the investigation are,
as mentioned, deveclopmental theories -~ especially that
of Piaget. His starting point had heen, first and
foremost, the development of lmowledge. Due to gecne-
ral biological considcrations though, he found it ne-~
cessary to study the dcvelopment of comprcehension in
man, an thus came to his formulations on the develop~
ment of knowledge. Development in this field can be
said to be sowecthing in the dircction of a gradually
more explicit dialcctics betwecen man and his envircn-
ment.

It is presumably still reasonable to characterize
Piaget's model as a stadia-modcl, ie., the lifc-cyclc
of ar organism (ontogenetics) is described as a sc-
quence of dcvclopmental étages, where each stage re-
prescnts the comprchensive summations of the organisms
competence, a3 it exists at a given point in timec. As
well as being used as ontogenical points of reference,
the description of thesc developmental stages was sta-
ted by Piaget, in a logical-mathematical language, as
an attvempt to cxpose the individual's construction of

his environmental understandign. Behavior, os it was

13




explained by the many original experiments, was (e~
scribed by means of logicul-mathematical elements,
with the many possibilities of interypretation this
system enjoys. This intcrpretation of behavior is one
of *he many points in Plagect's modecl worthy of dis-
cussion. The reporting of these experiments is imown
for the difficulties in controlling this interprectu-~
tion and the repetition of these many experiments

has not been particularily clarifying, in spite for
their numbers. ost investigations, *hough not all,
can still be secn as contributions to cne of two groups
either in-ogrecement with or disagreeing with Piaget's
results. The sizes of the two groups does not in them~
selves bring greater insight into the experiments'

range c¢f reliability.

"Two tendcncies - 1) dissatisfaction with product
descriptions within problem solving research which re-
sulted in a changing of priorities towards develop-
mental models as the basis for observing problem-solving
in a larger context; and 2) a desire for a morc con-
structive interference oriented description of (cogni-
tive) development - led to reflection the practicabi-
1lity of a problem decscribed by the American psycholo~
gist E.R. John (1957). We found that it had possibi-
lities and in the following we will give the basis for
this decision.

The problem with "product investigations" is, of
course, that one observes and registers only a iittle
segment of something much more complex; in that, onc
registers the " proposcd solution " only =nd charac-
terizes it as either right or wrong. The quotation
marks stress a certain degrce of vagucness around the
process-product concept. Thc discussion on this theme
has sometimes emphasized process and product as two
essentially different things. The products was one thing,
the process something totally differcnt. On thc basis
of general descriptive theorctical considerations, we

14
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are in principle in disagrccment with this differen-
tiation. Thesce considcrations are too far from the
point to discuss herc, and, of nccessity, we are able
only to refer to aa outline presentation (Jensen, 1970
Ch. II; Nissen, 1970, Ch. I).

As an assumed definition of these terms, we con

say here, that process is cquated with a scouence 0%

products. At the same time, we prefer to spcak of a
series of situations, in agrccment with the named re-
ferences. Ve wish to stress the fundamental arbitra-
riness, partially in thce delimination of a proccess

one is intcrested in, at any given time, including
problem"; and partially in a particular proccss's
"situation density", (ic., the number of situations

in thec series). The smallest possible series, though,
will be two situations. This means that the Zelimina-
tion of a serius must be dictated by a purposc or goal
as it is not found in naturc. In our meaning it nust
take its starting point in o developmental anc¢ pedago-

gical model.

The most important characteristic of thc reasonings
for "process" studies, or os we prefer to call them,
the studics of solving-serics, is that the phenomena
psychology is concerned with, can be investigated by
many diffcrent mecans; ond correspondingly a given state
can, dependent upon circumstances, lead to many differ-~
ent results. |

This situation is, at a ccrtain descriptive level,
different from another, which exists in the employment
of physical objects, where onec can, to a larger degree,
describe a process, which kos led to a certain result,
prceisely on the basis of that result. An interference-
~oriented developmental psychology, instead of a mere
exposing of personality changes, must therefore have
as its basis the study of procosses; cf. a requirement
of the smallest descripvive element. The problem is
therefore, to rcgister somcthing more extensive than

ERIC 15
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the preposed answer. That is te say, we must waintain
the reflections the subject makes, which lecd to this
answer. More generally, we will maintain that onc must

have cxternalized larger scgments of the process rother

than only the proposcd answer.

e have prcviously mentioned the "thinking aloud"
method as & menningfull contribution to proccss-study
methodology. Under "favorable" conditions i+t maintains
aspects of the solving proccss, that can contribute to
& variable appraisal of the actual proposod answer, As
is well known though, therc are many problems connected
with the usc of this mcthodology: both what onc could
call the "technical" prohlems and also the genceral pro-
blsms of principle. These last arc connected with the
question: "Is it the same process that goes on in the
subject, when he is 'thinking aloud'! as when he is not."
(see for example, Necisser 1967, Ch. I.) Onc could thus
speak of o more of lcss appropriate exter..alizing, in
relation to the goals of o particular investigation.
The groundrules for externalizing arce found in the si-
tuation that the subject is placed"in"; ic¢., the re-
strictions, with their associated observation catego-
ries, which the rescarch situwation calls to the atten-
tion of the subjcct.

Externalizing in the tasiz, which the apporatus de-
scribed herc¢ is the basis for, is special in that the
task-process "is forccd" to include, or brings to ap-
pear as, a serics of dccisions on which activity, in
connection with the problom apparatus, could be thought
to lecad to the goal. Thesc decisions are registered.
The sequence of decisions constitute the solving "pro-
cess", and thc work consists there after in characteriz-
ing this scqucnce on the basis of the models we have
taken as our starting point. A more elaborate descrip-
tion of the registration ond the basis for cnclysic
of this chaoracterization will be described in o subsc-
quent mimcogroaphed report.”
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Many of the reasonings stated in this quote are also applice
able to the present projecct: the inadequantcness of finished
preduct analysis; the importence of process-studies; and

the view of "the process" as a series of situations

Personal background:

As mentioned in the introduction, it has becen the
acknowlcdged practice in rescarch circles, that the rescarch-
er's own person did not show through in scientific rcpofta.
This can have the favorable cffect that the rcader morce casily
can hold his intcrest in the work itself and not be intruded
upon by the rcscarcher's personality.

This point of wvicw can, perhaps, still have rclevance
in r¢search, where the registration of data is donc by mcans
of a physicgl apparatus. In psychological research, though,
where an important part of the registration apparatus is the
rcsearcher himself, a humon being, it must be brought to
the rcader's attention if the rescarcher has qualifications,
characteristics and attitudes, which directly influcnce the
more important aospccts of the project for rcasons of objcc-
tivity.

In this casc, my personal cxperiences, concerning the
lecarning of mathematics, include strongly positive, stronzly
negative and neutral experiencc phases ~ all thrcc of many
yearsAduration in different scgments of the school and edu~
cational systems.

The negative experiences in learning can still, many
years after, bring about very strong feeling of hclplessness
and frustration. Therc was some doubt, because of these ne-
gative fcelings, as to whether or not the project should
continue with the author as its lecader. A very comprchensive
project proposal was worked up (Poulsen, 1971), was thoroughl:
discussed with colleagues at the Danish Institute for Zduca=~
tional Rescerch, and was given the green light, but it was
still difficult to begin. Was the involvement too strong?
Would the project be biased by this to an unacceptablc degree?

17
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The dissolvment of doubt came gradually and by way of
prcliminary experimentations, in which the author came in
personal contact with various subjects. It becamc apparent
in these trials, that because of the author having had prec-
ciscely these very negative expericnces in mathematics learn-~
ing, thc subjects who had had similar experiences rclated
more frankly, their own frustrations in learning situotions.
Gredually, it becamc clecar that what before had becen 2 source
of error, o weakncss, became, in fact, a strenght - a spocial
source to o dceeper cmpathetic understanding.

In the long pcriod from 1970 to 1973, wherc work on
the project was almost stopped (because of other comuitments),
the time was uscd, omongst other things, in developing a
ncw orientation in research work models, characterized by
action-research, wherc data collection and data application
go hand~in-hand. This new orientation is a conscquence of
critical rcflections on .duecation, and on their qurlity of their
own rescarch, made by a group of colleagues at the vanish
Institute for Educational Research -~ contemplations that
are still developing and that grow in extent.

The author has, in other words, difficultics himsclf
in learning mathematics and has great limitations in mathe-
matical profiency. This os one of the reasons, that a con-
sultant is attached to the project (a high school mathematics
teacher) as a resourcc person, concerned with the mathemati-
cal subject matter of the project.

18




17
ASSUMPTIONS AND VAL.UE JUDGEMENTS

Choice of research subjects and learning situation:

If one eramines classical textbooks of psychological
research of human learning, with special attention on the
choice of subjects, it will become apparent that surpris-
ingly many have been students, school pupils or pre-school
children.

Surprisingly is perhaps not the correct word, but it
is remarkable that the age group up to 20 or 30 years old
appears to have made up the subject source for the vas?t
majority of experiments and studies. The explanation can be
simply that they were the easiest for the psychologist to
get a hold of - or that researchers did not find it worth
the trouble to concern themselves with adults over 30; perhcns
it was not felt that they would be learning more. ‘'hatever
the reasons, the above mentioned asymmetrical age destribu-
tion is a fact.

A second remarkable characteristic of earlier research
is the often mentioned problem of "transfer", ie., the trans-
ference of the results of psychological learning research
from the laboratory to, for example, the classroom. This
transference appears to offer many difficulties (see, for
example, Grundin, 1971); so many so as to almost require
investigation of the transfer process. One can see a malignant
circle beginning to take shape. A characteristic of the la-
boritory~-oriented research is that it recoils irom tackling
the reality, where the learning takes place, and elects to
work with highly controlled learning situations, where the
results are precise = but are often unusable in their ori-
ginal form for the practical educationalist.

With this cxperience as a basis, and with the improved
research methods now available, it is tempting to try to
eliminate the problem of transference by delimiting some of
the vital situations of the daily learning activites of man,
and then study and analyze these extracted segments in their
own, complicated entirety.

19




These two obscrvation, on the choice of rescarch sub-
Jects and situations, can inspire the conjecture, that,
wvhat determines research results' validity range, more than
anything elsc is precisely thoe choice of subjects and lcarn-
ing situation. In other words, the results are applicable
most likely only to thosc persons, their social level and
thos¢ learning situations used in the rescarch design.

Obviously, within this lies an abandonment of the am~
bitions of decades to ascertain and formulate genercl laws
for man's learning - natural laws from which cducationzlists
could deduce practical methods; just as onc con deduce from
the natural laws of physics, how much velocity a rocket
requires to rcacin the moon.

Newer! If we, at the present stage of educational/psy-
chological research, have any ambitions of obtaining proc-
tical, usable results, the closer, local perspective must

dominate.
It is always easier to have hindsight.

V/ith the methods available to date, and with a strong desire
to imitate research in the natural sciences, it is under-
standable that rescarchers cvoided the confusing and com-
plicated learning situations of overyday life, and instead
attempted to analyse the results of artificial learning and
problem solving cxperiments. But, if the psychological learn-
ing rescarch results of the futurc shall contribute pronounced
to pedogogical development, the classical methods must be
replaced with the ncw. Product amalyses are to bec supplenented
cd with process studics; artifical learning situations are

to be replaccd with more rcalistic situations.

ind whom shall bc the concern of this projecct?

Onc~ morc, we should cxamince the currently usecd and
prefered subjects, especially high school and college stu=-
dents. Connected with their age is the fact that, because
of their cducational institution, there is & clear reference
to especially priviledged; they are children and youth, who
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have had the best cducationzl possibilites. In other words,
if onc wishes to obtain a morc socially justifiable distri-
bution of the educationai/psychological research, it is
only rcasonable to choosc cducationally underpriviledged
adults over 30 yeers old as the subject group.

It is not my intention to attempt a larger documenta-
tion here, that this subjcct groun's situation is quite
diffcrent with respect to education.

Let it be rather stated as scveral assumptions: _
1) that most cducational and irnstructional offers, actuclly
are directed to those under 30 years old; 2) that conditions
for the cducationally underpriviledged adult arc made still
more difficult by the fact that the examination structurec
requircs of them, that they start their educations unrca-
sonably low in the system; 3) that it is preciscly these
cducationally d-.prived over 30, who arc the first to with-
draw, rcgardless whether it is highschool=-lcvel, recreatio-
nzl learning, shorter occupational courses or anoticr form
for education, (the average agc in many adult education
courses in Denmark is falling); 4) that these adults - re-
gardless of whether or not they rcceive an education later
in life - have more difficultics getting qualified cmploy-
ment; and 5) thot this group is cxposed to concrete ccono-
mical hindrances, end also - cspecially when we go up in
age - are held bacl by the widespread myths on adults’ in-
ferior abilities to lcarn.

The choicc of situation is more difficult, but is de-
termined in reality for this project, by the author's cx-
periences, which primarily are concerned with resecarch and
development of individual study mcthods for use in educa-
tions focusing on litecrary and intellectual skills (as op-
posed to the Just as important cecducations which focus on
practical, manual training). Howecver, bchind these oxperiences
lies a sclection bascd on somec considecrations concerning the
value of scveral different learning situations, which usually
are a part of such educations; ie., individual study -~ work
in small groups - and class work. In the late 1960's an
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appraisal of thce rescarch in mathematics teaching showed,
that the largest rescarch contribution by far concerncd

class tcaching mctnods or mcthods for individualized tcach-~
ing: in other words, thc teacher and tcaching matericle,

The students' lcarning proccsscs (differentiatel from sta-
tistical descriptions of proficncy, mathematical abilitics,
attitudes, social background, ctc.), have been almost to-
tally ignored. I.ct it rcmain a supposition that is accepted
as valid -« and not just concecrning thc subject of mathematics
- that the majority of the practically oricnted cducational/
psychological recs=arch is limited to the person of the teachoer
(teaching mcthods) and thc use of teaching materials. There
has also been rescarch with more collective participant-di-
rected cducational structurcs - but, the single participant's
individual lcarning proccsses have been hardly touched.

The choice of Subject:

The choice of rescarch pcrsons and priority of lcarn-~
ing situations arc bascd upon valuc Jjudgcments. Lecarning,
however, happens always in relation to something, o subject,
a theme, a problem prescentation, ctc. Historically - as this
as well as 2ll other projects has a prior history (the H.C.
Crsted Institute Investigation; Poulsen, 1968, 1969 & 1970)
- this projcct is associated with the subject of mathematics.
It was natural, thercforc, to build upon this association -
natural, but, as was scen, not c¢specially well foundced, and
there came a year-long poausc, where the work was put aside,
partially becausc of other work, but also, to o high degree,
becausce of doubt as to the value of continued rcscarch in
niathematics teaching. In the projects original form, the
meoning was to develop better study methods for methomatics
learning in high school. The critical devclopment in the
fiecld and in rescarch in gencral, that took place in Dcnmarl:
in 1968-1970, resulted in ncw considerations. Concorning
thc choice of research persons, it scemed more and morc un-
just to allow the project cgain to favor the high school
students. The choice graduclly became youth not cntering
highschool and finally bcecamc the ecducationally undcrpri-
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vileged over 30 years old.

Remaining were mony other questions, but one of the
most pressing was whether or not the choice of the mathe-
matics subject could be justified sctisfactorily, or whether
the project should have a totally new subject matter. This
question remained unresolved for a few years while woxrlk on
a book on documentation in educational psychology was com-
pleted (Poulsen, 1975). The impulses which set the project
going again were two: Thursday, liarch 8, 1973, therc was
a little article in Politiken (pg. 7) (a large Danish news-
paper), concerning a statement made by the president of the
National Schoosl nsychologists Association, Anders Poulsen.
He drew attention to the fact that teaching of the new math,
in the 1st. and 2nd. school years, had resulted in an in-
creasing number of referals to psychological testing. In
the following days, the statement was the object of lively
discussion, especially amongst the teachers of the new math.,
who advanced the positive aspects of it. There remained
though, an impressicm that morce children were referred to
the school psychologists and that there was a social bias -
that precisely the subject of mathematics was the causc of
an early and socially determined segregating of certain
children for specizl treatment. The other impulse was sti-
mulated by two books: the first, "Skolebog Nr. 1" (School
book number 1) by Jesper Jensen and Per Schulz (1971) and
the second, "Matematilkken i Samfundet" (Mathematics in
Society), by Jens & Karen Heyrup (1973). In both books,
though most fully developed in Heyrup & Heyrup, there is
demonstrated a connection between mathematics curriculum
and the prescent, specific social order and especially the
one-~-sided political slant of the example material for the
morc practical themes within arithmetic and numbers training.

These books contributed inspiringly to the following
question: "Could it be possible that the present mathematics
curriculum early favorizes chilérén, who through an enriched
language development are accustomed to abstract thinking
and the use of symbols, that this curriculum handicaps chil-
dren from less privileged social environments, in rcgards
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to satisfactory achicvement in this subjeet; ond thot low
achicvement in preciscely this subject, fhroughout the scnool
systcm, comes to function os o social class filter (becausc
of the prccudence given it by teachers and the incrcasing
inclusion of mathematiccl rceosoning in other, relcoted subjects)‘
o social class filter which contributes to the fact that
children and youth from sociclly less priviledgced cnviron-
ments imperceptibly, but definitely, turn away from the

subject of mathcecmatics and thosc educations, where mathcma~
tical proficiency is considercd to bc an important prerequi-
site. Onc can visualize just how such o development could

be accclerated in a school system, wherce cny number of subjocts
arc optional.,

In other words, the subjcect of mathematics stonds out
cs onc factor, which very casilv cna have 2 conacction with

the socially detormined cducational gaps.

It was with this perspective in mind, that the project
was restarted, with the fundomental point of view, that
precisely the subject of mathematics, for cducationally
underpriviledged adults, can be onc of the greatest borricrs

to further c¢ducation.

Other reasons, which arc sccondary in this conncction,
arc 1) the importancce of mothematics as 2 key to other
subjects, ic., Fhysics, Chcmistry, Technology, Social Scicn-
ces; and 2) the fact that mathematics is a difficult subject.
The degrce of difficulty though, is not an easy concept to
deal with, as it docs not say anything in absolute terms,
but rather, only as a rclationship - the releationship be-
tween an individual's competcence and the requirements deter-
rnined by cither himself or others. This is the cousc of a
rewriting of textbools 1in a morc casily understandcble
language, amongst other things. At a more everyday lovel,
stotements about the difficulty of mathematics arc deter~
mined by dceply lying pcrsonal expericnces. It sccms cspe-
cially to takc pecoples' coufagc from them, when thcy, after
a half day's intcnsive work, still cannot understana
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the textbook's description, still cannot solve the problom.
This cxpericnce can have a decply frustreting intensity -
but, such "difficultics" con haoppen in any subject and can-
not be applicd therefore as o special arguement for choosing
the subject of mothematics.
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THE PROJILCT'S ORGANIZATION

A research project can be scen as a temporary social
sutsystem. One could supposc that it is a purcly practical
matter, how the work in this sybsystem is organized; but
as Gitte Haslebo points out, (with support in Argyris' ana-
lyses), this is not the casc. The system's organization mir-
rors a value Jjudgement in whether or not it is a closed and
authoritarian, or an open and democratic system. The prior
term refers to o pyramidal structure, wherein the rescarcher
is at the top of the pyramid and directs some assistants,
who again direct some rescarch subjeccts, whose solc assign-
ment is to accept and fulfill the roll the researche  .as
nssigned them. The latter term cxpresses a form of rescarch
wnerc all who arc included in the project - the rescarcher,
his assistents, thc subjeccts and others - make the necessory
decisions together, in the morc or less foreseen situations

where a choice must be made.

It is tempting to strive for the open, den. ::--fic model
of organization. It is o form, which also ensurcs greater
nrobability for beneficisl opplication of the results -
preciscely becnusc the people, who will be potentially utiliz-
ing the material have been included in the direction and
working out of thc investigation.

Secen realistically though, it must be assumcd that this
projcct, at lecast in the beginning, will be stronglr directed
by the rcsearcher. It is my intontion, however, to gradually
attempt to cmploy A more open structure.
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PERSPECLIVES

Teacher~directed lL.earning in the School

In the first phases of the project, there is a close
association to a school teaching situation. The research
persons come from highschool classes for adults and they
are requested to take part by the school administration
and the teachers; furthermore, many mathematics teachers
from the school have exhibited great intrest in practical
application, on an experimental basis, of the results. As
most people's literary, .ntellectual learning activity
unfolds within the framework of a traditional school situa-~
tion, it is important that the educational research be con-
centrated in illustrating the learning in an institutional
situation.

Antecedent to the project though, lies a vision that
goes further thon this basic framework.

In an organized, administrated school situation, it
is characteristic that people are sharply divided, with
teachers on the one hand and the students on the other. An
important relationship, which usually is considered to be
defining for the teacher, is his proficiency and accomplish- .
ments in, and his attitude towards the subject matter, which
must be developed in the students, who do not have this pro-
fessional ballast previously. ‘'he development of the stu-
dents' knowledge, proficiency and attitudes is encouraged
by their experiencing the teacher's instructional practice
(teaching methods) and by themselves having a learning
activity (study methods).

The basis for my vision is the following two
observations:

1) that proficiency and accomplishments in, and atti-
tudes towards the teaching methods employed, which teachers
have, are not attempted to be developed in the student pa-
rallel to the development of the comprehension of the subject
matter. The teacher gives his technical competence to his
students, but not his knowledge about the teaching methods

not the pedagogical. .
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2) that the tecacher is interested in and tries -
influence the students' learning products (pro' em solving,
lectures, written assignments, etc.), but not their learning
processes, not their study practices. If the exceptional
occurs, and a teacher involves himself in the students'
study methods, it is usually as a form for further adjusting
to the teacher-directed teaching arrangement.

The result of this is that most people, children and
ajults, have the impression that one can only learn somethir
in a traditional, organiged teaching situation. The learning
becomes dependent upon whether or not there is a teacher in
attendence in a definite institutional setting - students
can neither self-direct lnrger individual learni 3 projects,
nor can threy teach one onother, that which they have gotten

out of their studies.

Self-directed and Collective-directed Learning Situations

My vision isthat the individual has the potential
to direct self his learning jointly with others, and do
it independently of an organized, teacher~centered instruc-
tion situation. People can, for themselves, iformulate that
which they wish to le¢arn: search for, discover, and collect
expertise, data, and materials related to the subject matter;
plan, organize and realige their learning; and finally eva-
luate the process and the finished result, so that there
can be advanced constructive proposals for improvement for
the next learning project.

This does not make schools and teachers superfluous,
The school's primary function becomes teaching people to
direct self their learning activities and to be able to teach
others, as soon as they have self obtained proficient ex-
pertise in as specific area. The key words here are self-
~directed leexrning processes and reciprocal instiuction.

Schools, which have ‘these two'relationships as their
primary goals, will naturally still have a use for teachers.
These teachers' competence though, will be both technical,
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instruction methodological and study methodological. ind,
they will nct monopolize their knowledge of the two latter
edcucational factors.

Such a combination hes, as far as is known, never
been systematically attempted. In the Latin Schoolis of
the Middle Ages, the older students thrashed Latin into
the younger students, but any form for reciprocrisy was
not quite to be found. In modern universities, many students
are employed as instructors, but again, this can hardly be
seen as training in equal, recriprocal instruction.
Instruction in study techmniques and training in reading
arc common, but first and forcmost, deal witk ac¢justment
to a teacher-directed learning situation.

Regarding the prescnt project, if the first phase is
a success, then the next phase will be an attempt to moti-
vate cducationally undervriviledged = .ults to lecrn mathe-
matics through recriprical instruction and selfdireccted
learning processcs; in other words through collective lcarn-

ing.
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CONCLUDING COMMENTS

It has been said, that there are many different things
which taken together make up the "motives of the researcher".
‘thich factors, that most determine the project's more exact
content, are difficult to point ocut-at present -~ they will
appear in the course of the project.

But, *to have shorn greater part of the preconditions
and value-judgements for example, the gaps in the research
and the study methodological possibilities - would be,
simply, after the common definition of the word, manipula-
tion of the readers. The few pages it costs extra are a
little price to pay for the openness, which is created in
regards to the "actual' goals of the project.

And, such an openness is a necessary prerequisite for
a democratic cooperation, with the research persons and
the practically working mathematic educationalist-.
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