Constructivism Cybernetics, and Information Processing:

I mpli cations for Technol ogi es of Research on Learningt

Patri ck W Thonpson
Center for Research in Mathematics and Sci ence Educati on
and
Departnent of Mathematical Sciences
San Diego State University
San D ego, CA 92182

Runni ng Head: Cybernetics and Information Processing

Thonpson, P. W (1995). Constructivism cybernetics, and
i nformation processing: Inplications for research on
mat hematical learning. In L. P. Steffe & J. Gale (Eds.),

Constructivism iIn education (pp. 123-134). H |l sdale, NJ:
Er | baum

T Preparation of this paper was supported by National Science Foundation

G ants No. MDR 89-50311 and 90-96275, and by a grant of equiprment from Apple
Conmputer, Inc., Ofice of External Research. Any concl usions or
recommendati ons stated here are those of the author and do not necessarily
reflect official positions of NSF or Apple Conputer.



Thonpson Cybernetics and I nformation Processing

Constructivismas a philosophical orientation has been w dely
accepted in mathematics and science education only since the early
1980s. As it becane nore broadly accepted, it also becane clear
that there were incongruous inmages of it. In 1984, Ernst von
d asersfeld (von 3 asersfeld, 1984) introduced a distinction,
echoed in Steier’s paper at this conference, between what he
cal l ed “naive” constructivismand “radical” constructivism At the
risk of oversinplification, suffice it to say that naive
constructivismis the acceptance that |earners construct their own
know edge, while radical constructivismis the acceptance that
nai ve constructivismapplies to everyone--researchers and
phi | osophers included. Von d asersfeld’ s distinction had a
pejorative ring to it, and rightly so. Unreflective acceptance of
nai ve constructivismeasily becane dognatic ideol ogy, which had
and continues to have many unwant ed consequences.! On the ot her
hand, | will attenpt to make a case that to do research we nust
spend a good part of our time acting as naive constructivists,
even when operating within a radical constructivist or ecol ogical
constructioni st franework. To make clear that the orientation
have in mnd is not unreflexive, I will call it “utilitarian”
constructivism and will use Steier’s and Spiro’s papers as a

starting point in its explication.

1 One such consequence is the wi despread conclusion that exposition is an
unacceptabl e teaching nmethod. | amcontinually amazed by the adnonition, seen
frequently in nathenatics education trade journals, that teachers nust not
gi ve know edge to students ready-nade since students should construct their
own know edge. This says to ne that many people do not understand that there
is no such thing as “ready-nmade” know edge, and that students construct their
know edge regardless of what a teacher does--but what they construct can be

i nfluenced by the nature of the social and intellectual occasions in which the
constructions take place.
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Cybernetics and Reflexivity

Stei er nmakes a strong argunent that researchers of human
systens need to keep in mnd their contributions to the phenonena
t hey anal yze, which, in turn, contribute to their construction of
t he system bei ng investigated. The system being investigated is as
much an artifact of the theoretical conversations guiding the
researcher’s actions as it is of the participants’ actions and
orientations. Steier contrasts this position with early
cybernetics. | have tried to capture his conparison in two

diagranms (Figures 1 and 2).

Me as observer
of construct ed

realityin
ot hers @

Figure 1. An early, cybernetic, inmage of theorizing about others’
cogni ti ons.

Figure 1 is of nme, as researcher, doing research froman early
cybernetic perspective on others’ mathenatical understanding. |
study others in natural or provoked settings with the intent of
constructing nodels of their realities. | approach the task with a
sense of ommi potence —others construct their realities, and |

make sense of what those realities are.
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Me as observer
of construct ed

realityin (ZD

ot hers

observer of

constructe
reality i
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Figure 2. A contenporary, cybernetics of cybernetics, inage of
t heori zi ng about others’ cognitions.

Figure 2 is of nme, as researcher, doing research froma |ater
cybernetic perspective on others’ mathenati cal understandi ng. From
this perspective, | take into account that I, ny artifacts, and
the events occasioned by ne are part of others’ constructed
realities. The inmages, goals, and intentions guiding ny actions
appear explicitly in ny inmage of another’s understanding, and I
attenpt to take those aspects of others’ experiences into account
as | try to understand their realities.

There is one thing that Figure 2 does not reveal explicitly.
Reflexivity in one’s research activities, explicated so well by
Steier, is nore than being aware that your involvenent helps to
create the behavior you wish to study. Reflexivity in research
also entails reflecting on:

* Your sense of your research donmain,

« How that sense is expressed in your researching actions,

« The contributions your actions nake to the behavior you w sh

to study,
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« and how your observations of behavior influence your sense of
t he research domain.

The circularity in the “cybernetics of cybernetics” perspective
shoul d be evident, but it is not the closed circularity that
renders circul ar definitions nmeaningless. It resenbles the
circularity in “a barber is ordered to shave everyone in town who
does not shave hinself.”2 The circularity is tenporal, as is the
circularity of dynamc, nonlinear systens. At the nonment we
reflect on any of the itens |isted above we do so at a particul ar
nmonent. Those refl ections express thensel ves in our actions, but
only subsequent to that nonent of reflection, and we will find
occasions to reflect again on “us in the data.” The flip side of
refl exive research is that we can never capture where we are
(i.e., our current understandings); at best we can capture where
we have been, and we use our current understandings in our
attenpts to capture where we were (MacKay, 1955; MacKay, 1965).
Wien we reflect on “us in the data” on occasion X, we will get a
sense of the influence of those reflections when we reflect on “us

in the data” on occasion x+1.

The Practice of Refl exive Research
Wiy do | dwell on this aspect of reflexive research, the idea
that we always reflect retrospectively on our contributions to the

phenonena of interest? In part it is because of the experience of

2 This exanple is often given to illustrate the need for |ogical hierarchies
to exclude self-contradictory, self-referential propositional systens
(Kneebone, 1963). Percy Bridgeman (1934) noted that, were the barber to nmake a
list of the people who shaved thensel ves at the nonment he is given this order
he woul d either be on the Iist or not. Either way, there is no contradiction
when he subsequently shaves hinsel f or not.

-4-
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t eachi ng recursive functions and recursive programrng to
prospective teachers. Those who try to restructure their thinking
so that recursive functions and recursive procedures are an
expression of their thinking invariably go through a phase where
they feel trapped by recursive thinking. There are two sides to
this sense of feeling trapped: Wen thinking of the process as a
whol e, they have the feeling that nothing ever gets done (closed
circularity). Wen they are thinking of the process as a series of
steps, they think through the recursion step-by-step, devel oping a
sense of infinite regress, instead of objectifying the product of
recursive thinking (Thonmpson, 1985). This evidently is a necessary
phase; it is through reflecting on the product of thinking
recursively in relation to their process of thinking recursively
that they finally objectify recursive processes. | suspect that
initiates to reflexive research will experience the sane sense of
being trapped if they are not aware that this is an ongoi ng
process —that on every occasion in which they practice reflexive
research they will be using radical constructivisminstrunentally,
they will be acting as instrunental constructivists. | say that
they will be acting as instrunental constructivists because during
t hose nonments of retrospective reflection, they will be attenpting

to understand people’s realities “as they are.” The difference

bet ween practicing naive constructivismand using radi cal
constructivisminstrunentally is that while using constructivism
instrunmentally, we nust do so with the awareness that our
deliberations are tentative —that what we discern now will affect

our future actions. Qur future actions, in turn, may provide
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occasions for us to rethink our current deliberations and wl |
affect the realities of the people participating in our

i nvestigations.3

An exanpl e

When reading Steier’s discussions of reflexive research, one
passage struck nme as being especially relevant to nmy own work. In
relating his research on organi zational identity, Steier remarked
“ ny relationship to the group can be seen to co-create the
very organi zational identity | amtrying to understand.” This
passage caused nme to reflect on a recent series of teaching
experiments that have becone influential in several researchers
projects on quantitative and al gebraic reasoni ng. The behavi or of
children in these teaching experinments (one on conplexity, the
ot her on concepts of rate) reveal ed ways of reasoning that | did
not fully expect, and nost people reading of themdid not expect,
yet when other researchers have | ooked nore closely within their
own projects, they al so have found these ways of reasoni ng. Wy
were these ways of reasoning not seen before? According to Steier
it is because no one was | ooking for anything that woul d give
children occasions to express thenselves in ways that reflected
such reasoning. Evidently, children were positioned to express
this “new type of reasoning, but researchers were not positioned

to co-create it.

3 The notion of future actions entails the possibility of creating artifacts
such as problens, tests, software, and discussions surrounding them It also
entails devel oping sensitivities to occasions for deeper probing, and the
initiation of discussions that otherwi se m ght not occur w thout having so
reflected.
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In a margi nal comment to Steier’s paper, | paraphrased the
guotation given on the previous page so that it pertained to ny

i nvestigation of one student’s concepts of rate: ny
relationship to [JJ] can be seen to co-create the very [concept of
rate] | amtrying to understand.” My relationship to this girl,
JJ, was that | brought her to the teaching experinent, designed
speci al software that woul d support discussions about speed and
rate, asked questions of her about situations surrounding the

sof tware, encouraged her to abandon her (unthinkingly) self-

i nposed constraint that she calculate all internediate results,
and prepared for the next |esson by thinking about her
under st andi ngs as expressed in response to ny questions. In
retrospect, | can also see that | was attenpting to separate ny

contributions to JJ's provoked responses fromwhat she contri buted

to ny questions.

Soci al Constructivism

| shall anticipate an objection. | inagine some m ght react
that | have accommodat ed radi cal constructivismso that instead of
bei ng focused on individuals it now focuses on individuals in
relation to me (or, nore generally, a researcher), and that it
still ignores the inportance of “socially constructed” know edge
(Davydov, 1990; Goodwi n & Heritage, 1990; Lave, 1988a; Lave,
1988b; Saxe, 1991; Sol omon, 1989; Wertsch, 1985). First, radical
constructivismhas never ignored the inportance of social
rel ati onshi ps (Cobb, 1990; Cobb, Yackel, & Wod, 1992; Confrey,
1991; Thonpson, 1979; von d asersfeld, 1992). Second, this dispute

anounts to one of figure versus ground. If we can agree that
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soci al relationships involve individuals and that individuals are
continually involved in social relationships, thenit is
legitimate to take either individuals (as the things related to
one another) or relationship (anmong individuals) as figure and the
ot her as ground —as |long as one keeps in mnd which is being
taken as figure and which is being taken as ground. | happen to
prefer taking the individual as figure, fram ng discussions of
social interactions within discussions of the nental operations by
whi ch individuals constitute situations, and fram ng soci al
interactions within a general paradigmof mutually orienting
accommodat i ons anong i ndi vi dual s (Bauersfeld, 1980; Bauersfeld,
1988; Bauersfeld, 1990; Cobb et al., 1992; Powers, 1978; Thonpson,
1979).4 This orientation to the individual is not opposed to soci al
constructivism it just puts the enphasis in a different place.5s
Learni ng, Teachi ng, and Constructivism

Spiro et al.’s papers (hereafter, “Spiro’s papers”) have a very
different orientation than Steier’s. They orient us toward an
application of constructivismin addressing the very serious
probl em of students’ difficulties in |earning advanced, conpl ex

subj ects. My remarks about reflexive research of the previous

4 ne notion that | resist strongly is the notion of “social cognition,” that
somehow knowl edge, as a socially-constructed object, is “out there,” in-
between the individuals interacting socially. It is only in the mnd of an
observer that socially-constructed know edge is “out there” (Mturana, 1987),
and it is “out there” only as a consensual domain (Maturana, 1978; Richards,
1991).

5> This position is in opposition to sinple-mnded versions of socia
constructivism wherein cognitive explanations of student’s actions in
interviews are disnmssed with the counter-explanation that “the children had
not | earned how to behave in that situation” (Solonon, 1989).

- 8-
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section apply indirectly to Spiro’s research program | wll draw

connections | ater.

Probl ens of Learning Advanced Domai ns

Spiro’s argunment is that we mnmust break away from current
curricul ar and pedagogi cal practices because of their insidious
effects on students’ abilities to | earn advanced, conplex, ill-
structured donmains. | agree whol e-heartedly. Spiro’s list (Spiro,
Coul son, Feltovich, & Anderson, 1988, pp. 376-377) is repeated
bel ow, | have annotated it with comments pertaining directly to
mat hemat i cs educati on.

e Oversinplification of conplex and irregular structure

« Overreliance on a single basis for nmental representation

These are common characteristics of mathematics students at
m ddl e and secondary | evels of public school. | suspect that they
are direct reflections of the orientations comon anong teachers
(Porter, 1989) and nmat hematics texts (Fuson, Stigler, & Bartsch,
1989; Stigler, Fuson, Ham & Kim 1986).

« Cont ext-i ndependent conceptual representation

» Overreliance on preconpil ed know edge structures

e Rigid conpartnentalization of know edge conponents

The first itemabove is a hallmark of typical mathematics
i nstruction. An over-enphasis on synbolic nmethods in elenentary
and secondary mat hematics, sonetimes with the m sguided intention
to first teach general forns so that they can |ater be w dely
instantiated, has little chance of producing anything other than

t he visually noderated sequences descri bed by Bob Davis (Davis,
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Jockusch, & McKnight, 1978).6 The latter two itens rem nd ne of

research on schenmas in mat hemati cal understandi ng (Anderson, 1977;

Mayer, 1981; Mayer, 1982; Wi & Yarbough, 1990). This research

m st ook market-enforced uniformty and stereotypicality in

t ext books as sonehow i ndicating the nature of conpetent

mat hemat i cal understanding. What they failed to realize was that

their research told us nore about textbook authors’

predi spositions and mat hemati cs teachers’ overreliance on

t ext books t han about students’ nathematical understandi ngs.
 Passive transm ssion of know edge

« Overreliance on “top down” processing

By “passive transm ssion of know edge” | understood Spiro as
referring to teachers’ predilection to talk at instead of with
their students, and students’ |earned disposition to expect such
instruction. This type of instruction fits the conmon view that to
teach is to tell (MDiarmd, Ball, & Anderson, 1989).

Spiro explained that students’ overreliance on top down
processi ng neans that they approach problens thinking that the
probl em shoul d be sol ved by applying a general rule. In
mat hemati cs and science, this shows up in students’ beliefs that
all problens are solved by a fornula or their attenpts to
cat egori ze problens by superficial characteristics (e.g., “river”
problenms in al gebra (Mayer, 1982)).

| believe there is a common thene underneath all the problens

of | earning advanced ideas |isted by Spiro: public school

61 should note that this characterization too often applies at college
 evel s, too.
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education. Wien we conbine a mathematics curriculumthat spirals
around ever-increasing conplexity of procedures instead of ever-

i ncreasi ng sophistication of ideas (MKnight, Oosswhite, Dossey,
Kifer, Swafford, Travers, & Cooney, 1987), teachers whose inmage of
the curriculumfits with what is contained in textbooks and whose
i mage of understanding is to remenber (Thonpson, in press), and a
tradition of instruction delivered in incoherent chunks (Porter,
1989; Stigler & Barnes, 1988), we get our present situation.

I will give an exanple froma current research project being
conducted with sixth graders by Al ba Thonpson and ne. It is a
whol e- cl ass teachi ng experiment on m ddl e-school students’
devel opnent of quantitative and al gebrai c reasoning. The kind of
instruction used in the teaching experinment relies heavily on
students’ participation in conversations about the ideas being
taught. Early in the experinment we noticed that nost students were
| argel y di sengaged fromthe discussions, especially if it was
anot her student who was speaking. W began to realize that their
| ack of engagenent was nore than | ack of interest; even when they
listened to a discussion they coomonly did not hear what was sai d.

W found a pl ausi bl e explanation for the resilience of their
di sengagenent after inspecting the instruction they had received
in previous years. Here is a typical pattern of engagenent: The
t eacher explains a procedure and works several exanples. The
students need not pay attention to what the teacher says, they
need only watch what he or she does with the exanples. Then a
wor ksheet appears in front of them If they recognize the itens on

it as being like what they just observed, then they proceed to
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mmc what they recall the teacher doing. If they do not recognize
the itens, or if they cannot recall what the teacher did, they

rai se their hands. Wen the teacher approaches their desk, they
say “l don’t understand.” The teacher understands that they really
mean “1 don’t know what to do,” and proceeds by saying “Here is
how to do it” as he or she works another exanple.?” At no tine in
this interchange do students need to |isten and reflect on what
they hear, or express a difficulty they are experiencing in terns
of underlying ideas. They need only pay passing attention to the
procedure they are supposed to mmc. Many students carry this

i mage of cl assroom engagenent from el enentary and m ddl e school
into secondary school, and find little in their experiences in
secondary school to keep themfromcarrying this imge into

col | ege.

Advanced Learni ng of Introductory I|deas

Spiro says problens of conceptual conplexity and flexible
know edge acquisition occur “only |later, when students reach
i ncreasingly nore advanced treatnments of subject matter.” My
research suggests that, if this is true, its truth is an artifact
of our present curriculum In three teaching experinents, one on
area and volune (in preparation), one on additive structures
(Thonpson, in pressb), and one on speed and rate (Thonpson, in

pressa), two things stands out: (1) Even at the introduction of an

7| suspect that one reason that teachers feel this approach is successful is
that the nmathenmatics curriculumis popul ated by essentially trivial problens.
On trivial problens, it is possible to experience |ocal success by
denonstrating a procedure. Were the curricul um popul ated with nore conpl ex
probl ems, teachers mght feel |lees satisfied with this approach and students
m ght not experience a satisfactory |evel of success through mmcry.

-12-
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idea, if the ideais trivialized (rmade “bite sized”) it is
difficult for students to go beyond their initial inages of it,
and (2) it is far nore productive to have students deal with an
idea’s conplexity as part of their introduction to it. The
difficult problemfor us is to provide support for students as
they grapple with novelty and conplexity simultaneously. Spiro’s
noti on of cases as the focus of study seens prom sing.

W need to renove ourselves formthe shackl es of the subjects
we know (e.g., mathenmatics) and our idea of the way it fits
together. A rigorous treatnent of, say, geonmetry, to be rigorous,
need not follow an axiomatic or even a logical devel opnent. The
only criteria we need consider is that we follow a conceptual
devel opnent, which may turn some things on their custonmary heads.
For exanple, in our Saturday Math C ub® we began geonetry by
focusing on the idea of invariance of relation and the dependence
of relation on the construction leading to it. W used Ceoneter’s
Sket chpad (Jackiw, 1991) to have students construct figures, and
t hen focused di scussi ons on why a diagram changed as it did when
sone part of it was transformed. D scussion frequently cul m nated
wi th our nmaking “dependency diagrans”--networks of rel ationships
anong parts of a diagram-and the use of dependency diagrans to
expl ain why the “same” figure behaved differently when nmade by
di fferent constructions.

The ai mof focusing on invariance was that Math C ubbers cone

to understand that rel ationships remain the same under

8 The Saturday Math Club is a group of neighborhood children with whom | and
Al ba Thonpson neet (yes, on Saturdays).

-13-
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transformations of an initial (given) diagram and that
equi val ence of diagrans is determ ned by correspondence of

rel ati onshi ps. The ai mof focusing on dependence was that Math
Cl ubbers becone skilled at distinguishing contingent relations
fromgi ven ones, and that they beconme skilled at identifying
rel ationships that are crucial to constructions based on them

For exanple, after devel oping constructions for inscribed and
circunscribed triangles, Math O ubbers identified four
rel ati onships they had used inplicitly that were central to their
constructions. These were: perpendi cul ar bisectors of a triangle
are concurrent, angle bisectors of a triangle are concurrent,
every point on a perpendicul ar bisector to a segnent is
equi di stant fromthe endpoints of the segnment, and every point on
an angl e bisector is equidistant fromthe sides of the angle.
Their realization that their constructions for inscribed and
circunscribed triangles mght not always work unl ess these
rel ati onshi ps are true under any circunstance nade themwant to
establish their truth. They had a stake in it. This gave us (as
instructors) a natural occasion to raise the ideas of congruent
triangl es--ideas upon which each of these relationships rest. By
focusing on a conceptual devel opnent of geonetry, we ended up
follow ng neither a |ogical nor an axiomatic approach.

The idea of focusing on conceptual devel opnent of a subject is
consistent with Spiro’s insistence that we “revisit the sane
material, at different times, in rearranged contexts, for
di fferent purposes, and fromdifferent conceptual perspectives” to

hel p | earners construct know edge that is useful in conmplex, ill-
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structured situations. But it is not easy to take this approach,
for we cannot begin with the intent to structure the subject
according to how we know it. W nust structure it with the goa
that it be |l earnable, which may nake its devel opnent appear

different than the subject we or our coll eagues know. ®

Sof tware Sol utions and Constructivism

Spiro’s discussion of KANE, a hypertext environment for
fl exible access to varying perspectives of literary artifacts,
reveal s a thoughtfully and powerfully designed use of information
technol ogy to support students’ devel opnent of integrated,
themati c perspectives on literary pieces. It is a najor advance,
both technically and instructionally, over the single-mnded
design of software that we typically see. | tried inmagining a
mat hemati cs version of KANE, here is ny stab at it.

The nedi um woul d have a videodi sk of a “real” situation. The
situation that came to mind was “Glloping Grdy,” a |long, narrow
suspensi on bridge that spanned the Tacoma Narrows at the south end
of Puget Sound in Washington State. A prevailing wi nd through the
Narrows caused synpathetic vibrations in the bridge, to the point
that the bridge bucked, rolled, buckled, and finally coll apsed.
There is famous fil mfootage of the final mnutes before the

bridge fell. Now, to understand what happened, we need to viewthe

9 At the 1991 AERA Meeting, Andy di Sessa presented some work he had done with
6t h-graders on representati ons of speed (di Sessa, in press). He had taken a
conceptual approach to getting the students engaged with the ideas; after his
presentati on, an audi ence nmenber renarked that he seriously doubted that what
t hese children were doing was physics. The representations these children
devel oped resenbl ed nothing in the physics he knew, and the devel opnent of the
i deas was “all out of order.”
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Thonpson Cybernetics and I nformation Processing

bridge frommultiple perspectives. Fromone perspective, the
bridge was an air foil, like a wwing. The prevailing wind lifted
the bridge; turbulence nade it |ift nore in some places than

ot hers. From anot her perspective, the bridge was |ike a vibrating
string, where waves sonetines passed through it with synpathetic
frequenci es. The two perspectives are conpounded by their
interaction--the wave forns in the bridge changed its air foil
characteristics, which then changed the forces acting to nake it
vi brate, which changed its wave forns. That is, fromyet a third
perspective the bridge constituted a nonlinear (chaotic) system
Now, suppose that a student coul d choose to have any of these

per spectives dom nate as an overlay on the video of the actual,
gal | opi ng, bridge. Suppose also that the overlays were structured
so that the nore or |ess enphasis would be placed on visual nodels
and correspondi ngly | ess or nore enphasis woul d be placed on

mat hemati cal nodels in geonetry, algebra, differential equations,
and nonlinear systens. | don’'t have a clear image of how this

m ght be done, but it seens like an interesting project for
soneone to try.

There is one aspect of KANE, and of Spiro’s approach, that
needs to be discussed. This is the question of whether it falls
within the framework of constructivism On one hand, it seens the
t hemes enbodi ed in KANE are as “ready-nade” as any that Spiro
criticizes. KANE provides a much richer environment of ready-nmade
t hemes, and provides nmultiple overlays of perspectives, but
“wealth corrupts” as a thene in KANE is still not a student’s

construction. On the other hand, it is a marvelously rich
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environnent for students to explore. If KANE is designed so that
students can create their own editions--such as by buil ding
sequences of scenes, giving each scene a list of characteristics,
and then summari zi ng these sequences according to sone
themati zation--then it is clearly designed to support students’
constructi ons.

| suspect that Spiro’s work is in a phase where it woul d be
productive to allow students using KANE to do some co-creating of
their (Spiro et al’s) theory, in the sense that Steier uses the
phrase. Perhaps Spiro has already done this since witing the
papers appearing before this conference. | would be delighted to

hear about it.
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