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|3\mwm\|\\\|\\\ ﬁmﬂﬁm«mﬁ designed an Internet Web m:mﬂm,\oaa to the Olympic Omﬂ.mm“
ﬁo_“.:n she particularly enjoys teaching in her seventh grade class
Web aammoem__w when it’s a year that the Games are ac
Supplemental to the activities Ms. Patterson
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Consider these scenarios. (The scenario, Medical School, is reprinted from

Chapter 10.)
1. Complex and relevant Methods of Instruction
. learning environments * Medical School
Z w_oﬂw__MmomwM_mzmmém and | At the University of Anywhere Medical School, instructors routinely
Mkl modss face the problem of biomedical misconceptions among students. That is,

(o} mﬁ@mo@lm»m information, continue to
. makediagnostic errors in many of the clinical cases that they study. Instruc-
knowledge construction ~ torshave found that students, in their diagnoses, tend to oversimplify, over-
I\\u\\\\n\ll,“\\ i ”M_Wmm: general theories, and disregard unique or puzzling symptoms. How

o t deal with these problems is of major concern, particularly in light of
xsm spiraling costs of medical school education. The instructors want to
Collaborative learning and problem . " oW how they should revise their instruction or devise new Jearning expe-
ences, so that students will avoid making so many errors.

arby university,

tually being held. The
conducts in her class.
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Students can log on from school or home and explore at v
site are links to the history of the Olympic Games, the typ
records set, and so on. The Web site is rich with informa
text. There are also links to related Web sites; students teng to foll
when they get fascinated about some aspect of the Games, Raja mw

was completely taken by the bobsled competition, and he nmmmmﬂa Mxmn%_@
bobsleds were originally designed and how they are now built. ched hey,

ilL. Within ¢

€s of games
tion in W—.QU

he Wep,
ﬁwmv\ma.
—w—.—nm b:&
OW thege

Imagine the sort of instruction that might have resulte
School scenario had we taken the application of Gagné’s theory to its
sion in the previous chapter. Although direct instruction is not a ?m:.;m:n_c.
requirement of that theory, it is often the product when Gagné’s ﬂm ora
guides the instructional design process. It is almost as if the internal or MoQ
zation and orderliness of the theory invites its use in a systematic and %:MW
fashion. Such a use is also consistent with epistemic beliefs in knowledge as
acquired through information processing. )

Try to imagine now what instructional strategies might be proposed
given a different view of learning and instruction, a view in which knowl-
edge is assumed to be constructed rather than acquired. In this chapter, po-
tential answers are discussed that arise from constructivist theorv. As vou
read the chapter, you may also find it worthwhile to look back at n.?%?,mm 5
6, and 7 to review some of the concepts that relate to or underpin construc-
tivist theory.

d for the Medic|

Constructivism: A Contrasting Theory

“Constructivism has multiple roots in the psychology and philosophy of this
century” (Perkins, 1991a, p. 20). Among those already discussed in this book
are the cognitive and developmental perspectives of Piaget (see Chapter 6),
the interactional and cultural emphases of Bruner and Vygotsky (se¢
Chapter 7), and the contextual nature of learning emphasized in QSEE 2.
In addition to these, constructivist researchers acknowledge the n:__o%.,
phies of Dewey (1933) and Goodman (1984), and the ecological psycholog}
of Gibson (1977) as important influences on their work. Ernst von O_muﬂﬂ
feld (1984, 1991, 1995, 2002) has had a considerable influence on no_,.r&c%“n
ist thinking in mathematics and science education, and “the wor e ﬂ: 2“.2
S. Kuhn on scientific revolutions and paradigms has been a major :.,,H m.Mcﬁ
on several of the constructivist sects” (Phillips, 1995, p. 6)- Zmzrm:.u TQW.
also credits the views of Derrida and Foucault as contributors t0 constru
ist thinking in the postmodern era. et th
As mentioned in Chapter 10, there is no single constructivist 1
instruction. Rather, there are researchers in fields from science ma:.rn,“__p:.:m
educational psychology and instructional technology who are art

eory of
tion t0
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us aspects of a no:wQ:na.Sﬂ theory. Moreover, constructivism is on]
vario the labels used to describe these efforts. Its yse Y

om . 3 v e ﬁnOUm_U_w\ stems fro
%M et's reference to his VIEWS as “constructivist” (see Chapter 6) m::m
M “cm:mim conception of discovery learning as “constry ctionist” (see

er 7). Other labels Fn_caw mmzmsq..:\m learning (CTGY, 1991a, 1991b;
wittrock, 19852, .Smm_uv mﬂvoa._ma cognition (Johnson, 1987; Lakoff, 1987),
gnitive flexibility theory (Spiro et al., 1991, 1995), and postmodern and
rommﬁ:._ ctural curricula (Hlynka, 1991; Culler, 1990). Some of the work pre-
wwamm in Chapter 5 Eﬁm-.ﬁ the heading om. &..E&ma cognition has also been
a_&mmm:%a as constructivist (e.g., :s.m semiotic perspective and anchored in-
struction). In this chapter, 59..: no single constructivist approach will be de-
«cribed. Instead, the assumptions common to the collection of approaches
will be examined, together with the learning conditions and instructional
methods being proposed as consistent with these assumptions.

Chapt

Constructivist Assumptions About Learning

Theorists who write in the emerging constructivist tradition often contrast
their ideas with the epistemological assumptions of the objectivist tradition.
Objectivism is the view that knowledge of the world comes about through
an individual’s experience of it. As this experience grows broader and
deeper, knowledge is represented in the individual’s mind as an ever-closer
approximation of how the world really is (see Chapter 1). In a sense, then,
knowledge is thought to exist independently of learners, and learning con-
sists of transferring that knowledge from outside to within the learner.

Both behavioral and cognitive information-processing theories of learn-
ing emerged from the objectivist tradition. Consider, for example, the
emphasis on universal laws of learning that is one of the hallmarks of behav-
iorism. Behaviorists define desired learning goals independent of any learner
and then proceed to arrange reinforcement contingencies that are presumed
tobe effective with any learner; only the type of reinforcer is assumed to vary
according to the individual. Although information-processing theorists put
mind back into the learning equation, they, too, appear to assume that
_Scimnmm is “out there” to be transferred into the learner. The computer
Metaphor jtself suggests that knowledge is input to be processed and stored
by learners,

In contrast to the objectivist view, then, constructivist theory rests on the
Emwmwmwﬁmc: that knowledge is constructed by learners as %»H.,. J,ﬁz::m"#%
s.&m:mm”.mm om. their experiences. Learners, therefore, are :o»,ﬁw:ﬁ ,,ﬂw..: o
of s&mm" 0 be filled, but rather active organisms seeking Eo.:w_ﬂ”u,:ﬂwﬂ s
elaborat > being learned, constructive processes operate ane .,H t ,.3. one
em €& and test candidate mental structures until a .1,:7 ac ,, o

-T8es (Perking 1991a). M ) . particularly conflicting experience
Will cayy k2 mv.. Moreover, new, p: et be constructed
> perturbations in these structures, so that they mus
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anew in order to make sense of the new inform
much like the development and rev
Chapter 4. In Chapter 6, Piaget referred to a similar procegs
commodation, and other developmental theorists calle
structuring. Both Bruner and Vygotsky, as well, devise
account for the changes in children’s
Chapter 7).

e | , ation. Thig shoulq SOL
1IS10N of mental models, ag a.ﬂm»,:m,f,ca__%
Ssed in
as schemg
d it knowle
d simil
knowledge as the

agc-
n:w.c re-
ar cC:ncvwm to
y q.ié_:ﬁ (see
What constructivists argue strongly,

structions do not necessarily bear

however, is that knowle
That is, they do not have to refl

dge con-
any correspondence to external reality,
ect the world as it really is to be useful ang
viable. This is consistent with the idealist or interpretist c?ﬁc:::cw,\ that
was discussed in Chapter 1. Perhaps an example would help to illustrate this
mr.—rlw.

Recall from Chapter 6 the research revealing children’s conceptions of
the earth in relation to the sun. Because children’s experience is that of a flat
earth with the sun moving across the sky during the day, they typically be-
lieve that the earth is flat and that the sun revolves around it. In the construc-
tivist view, they have constructed a perfectly viable model, which accounts
well for their own experience. We know in this case that, for most people, this
model is revised to reflect current understa nding of the earth’s relationship to
the sun. As a pragmatist (see Chapter 1) would suggest, however, the current
model will prevail for only as long as the collective experience of scientists
supports it. Therefore, the model should not be assumed to reflect reality; in-
stead, it should be construed as the best construction of humankind'’s experi-
ence of its world. .

If no correspondence is presumed between reality and the _o.::mﬂ_v
cognitive constructions of it, does this mean that all constructions are c@:m, y
viable? Those subscribing to an idealist philosophy might say yes MU_MM
Chapter 1), but most constructivist theorists would say no. ,:.Enﬁ mus o
limits to what sense learners make of their environment m.:a their _Mwmmg.
ence. Limits are imposed by human biological characteristics as ﬂmgm e
what is possible in reality. Zonmof,mﬁ.?mgmnm must have mcﬂmamm_.wmﬁ:m of
Systematic way to test their observations and the sense they a construic-
the world around them (Matthews, 2003). As a consequence, Bm:v\oammoz of
tivist theorists adhere to Vygotsky's notions about n.rm social :Mwnma:&:mm
meaning (see Chapter 7). That is, learners test their own un ced peers.
against those of others, notably those of teachers or more advan

Constructivist Models of Memory

;s ogical a5
Although constructivists have described, often in detail, the m?ﬂwﬂmwﬁmwo%_w
sumptions underlying their work, they have been less clear mv%mpw mxn_oﬁ& the
of memory arise from these assumptions. Cunningham (19 nele of tuber®
implications of Eco’s rhizome metaphor. The rhizome is a tang
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with no apparent beginning or end. .: constantly change
point in it appears to be nczzwn?,a with every othe
anywhere and the c&w mmen" is mS.H New connections will be
;some models the unlimited wcﬂng_ for knowledge construction, because it
has no fixed points (no nodes c._. basic representation units) and no particular
organization (my own mental image of a rhizome resembples a plate of spa-
ghetti; Eco [1976] also mﬁowm of ajar full of marbles, which, when sha ken, will
produce a new configuration and a new set of connections among marbles).
Consider the differences in a rhizome-like structure of memory com-
pared to the models that were discussed in Chapter 3. According to a net-
work model of memory, knowledge of a concept such as he
would be stored in terms of a heron concept node,
nected by association. Propositional models
part and parcel of an understanding of he
than concept nodes, are stored. PDP models refer to the patterns of activa-
tion related to understanding of herons. But now think of herons and air traf-

fic control. Shank (1988) argued that, through the method of juxtaposition,
any two things may be linked, with meaningful relationships generated be-
tween them., In fact, inte

resting insights can occur in the juxtaposition of dis-
parate ideas. But the relationships you have now generated between herons
and air traffic control are not easily accounted for in current memory models,
which do not mamn_:mnm_% capture the dynamic nature of knowing. The rhi-
“ome metaphor, however, allows for infinite juxtaposition.

If the rhizome is limitless in possibility, and therefore indescribable at a
m_og_ level, then we are forced to consider cognition at a more local _c<m,_\ as
.c”&..mzoﬂ% systems of r:ci_oawm..: (Eco, 1984, p. 84). Particular slices of the
hizome reyeq] a person’s knowledge at that time in that context, with no as-
wzﬂ_uzo: of 5<mlmE:J\ over time or across contexts. This presumes that
s r:oi_mamo nor the ways in which we use to describe it are ﬁm_u_w.
xﬂrmn “the rhizome concept alerts us to the constructed nature of our _n.if-
Tonmentg] :bamnmnmsa..:m_ and the possibilities of different meaning, differ-
Mtruths, different worlds” (Cunningham, 1992, p. 171).
™ The fonnectionist models of memory Emmnawmn in nrmn%a 3 m:_mv_w
Ewﬂm.n o m:&oaw characteristics similar to the rhizome anc SMW hoe
that n_wm i nnw:m:_._nziﬂ theories. mmﬂm:mq.ﬁoac argued, mwma _M_Am WME.\
%m:ma:nmvﬁm \,mﬂm much more like perceptions than ﬂ_wﬁ“amzv e
leary E_Mﬁmmop,_mw.. (p. 13), and that, in fact, it seems ﬁ._rn.v«“r?r ity
no:w:ﬁ S atall. What :va\ learn instead are connections, ,

. e-based
Perform S Of experience and environment, come to resemble rule-b
qm05:58

i ‘mory (see
n:%ﬂ:ﬁ:x\ John R. Anderson, known for his ACT model oﬁEMMNMMW M:Mﬁ
Seemy - 3),is Xploring new directions for the study of human womﬂsnﬁ,(‘wna.
xﬂrﬂpsngmmrﬂmq compatible with the mmmzaﬁ:o.:m of nc:m‘..‘:? s.r._, ch

than Continye the atomistic m:m;..mmm of cognitive mechanisms

s shape, and eve

. ~»V\
' point. Break the

rhizome
grown. The rhj-

ron, for example,
with various features con-
suggest that the features are
rons, since propositions, rather
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characterized his earlier work, Anderson (1990) has propose
to building a theory of cognition that focuses on the adaptatio
havior in terms of achieving human goals. That is, Ander

d an approggy,
N of humap p.
vas : o 50N assumes that
“the cognitive system operates at all times to optimize the adaptation of th
behavior of the organism” (1990, p. 28). This is similar to the View espoyg M
by Bruner (1986), who stated that :Bmm:msm: ¢

. IS an enterprise that reflects
human intentionality and cannot be judged for its rightness inde

> endent
of it” (p. 158). Furthermore, ACT-R includes a mechanism of rﬂoi_ma _M
compilation, which is an accommodation process that involves Qmmsm

g
ntered that cannot be

process is consistent

new rules via analogy when a new problem is encou
solved (Anderson, 1993). Anderson argues that this
with constructivist notions of how learning occurs, even though he adheres
to an information-processing perspective, which many constructivists be-
lieve is antithetical to their approach (Anderson, Reder, & Simon, 2000). Em-
pirical data are now being amassed that should begin to sort out various
claims of constructivism and how they relate to previous approaches dis-
cussed in this book. These are reviewed as they pertain to the sections ahead.
Let us now turn to an examination of the instructional recommenda-
tions emanating from constructivism. Because any theory of instruction
must deal with learning goals, conditions of learning, and instructional
methods to bring about these conditions, it makes sense to consider what
constructivist approaches propose in each of these categories.

Constructivist Learning Goals

Unlike the “objectivist approach. .. that focuses on identifying the entities, re-
lations, and attributes that the learner must ‘know’” (Duffy & Jonassen,
1991, p. 8), the constructivist approach to identifying learning goals empha-
sizes learning in context. Brown et al. (1989), for example, argued that
knowledge that learners can usefully deploy should be developed. haees
over, this can only be done in the context of meaningful activity. It is :_E
enough, in other words, for students to acquire concepts or routines n,_r: Fm
inert, never to be called upon even in the face of relevant UEZme ”o%m
solved. Instead, knowledge must develop and continue to change " :,;,c:.
activity of the learner. “’Learning [is] a continuous, life-long process 1€
ing from acting in situations” (Brown et al., 1989, p- 33). o
In this statement, we see from the start how constructivist ide s
emerged from or are consistent with theories discussed in E.ﬁ.mocm.m_,d..”mn:mm
That knowledge develops in context is central to the notions of uwv and
learning (see Chapter 5), Bruner’s discovery learning (see Chapter 7
the dialectics of Vygotsky’s theory (see Chapter 7). owledge
As a start to articulating what is meant by :Qmﬁ_ou«wEm. rE, be the
learned in context,” the CTGV (1991a) defined thinking activities :;. A
Primary goals of concern to constructivists. Specifically, they namet:

as have

SNPPOS

e
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pility t0 write persuasive essays, engage in informal reasoning, explain how
“ ta relate tO theory in scientific investigations, and
date

formulate and solye
oderately complex problems that require mathematic -
m

. . al reasoning” (CTGY,
1991a, P- 34). Virtually agreeing with these sentiments, Perking (1991a) de-

Jared, “The basic mom_m of m&:nmaow are %nm??m_w simple. To mention
three, education strives for the retention, c:amnmﬁms&:m. and active use of
knowledge and skills” (p. 18). Put m:oﬁrm.n way, :w:oi_mamm does not come
into its own until the learner can deploy it with :zamaﬁmz&:m: (Perkins &
Unger, 1999, p- 94). .

Other authors have offered variations of these goals. Spiro et al. (

1991)
described the need for learners to acquire cognitive flexibility, whereas
Culler (1990) spoke of the need to foster poststructuralist thinking, a kind of

reflective criticism. The ability to solve ill-structured problems (Jonassen,
1999), acquire content knowledge in complex domains along with critical
thinking and collaboration skills (Nelson, 1999), and develop personal in-
quiry skills (Hannafin, Land, & Oliver, 1999) are also cited as typical con-
structivist goals. Finally, epistemic fluency, or the ability to identify and use
different ways of knowing, is among those goals thought to be fostered by
constructivist pedagogy (Morrison & Collins, 1996).

If we consider this constructivist collection of goals in light of a taxon-
omy such as Gagné’s, what would we conclude? Are the authors cited above
defining educational goals that Gagné would categorize as higher-order
rule-using (problem-solving) and cognitive strategies? Dick (1991) clearly
thought so when he discussed, from an instructional designer’s perspective,
research and development efforts of the Cognition and Technology Group at
Vanderbilt and others. Goals that instructional designers might define for
the Medical School scenario, for example, include diagnose hypertension,
and for the A&B Agency scenario, recognize sexual harassment in the work-
Place. These seem to be virtually no different from goals that constructivists
ﬂ_w_: define for those situations. But, as we shall see, how constructivists
M_os_a Proceed to design instruction to meet those goals differs in funda-

Nl ways from how someone following Gagné’s theory would ?.o.nmﬁi.
vcacmnwﬂmwn:n:a.mmnm are also interested in r.m,.:ﬁ _m,,._.:m,? E,mE:M E%
Ple, the t eir own _mqum:m goals. In :.5 scenario OJ.EWF. n_.h:sav M:qv nzﬂﬂ_rm
alsg .Em:mﬁmnrm_. me have some specific learning 37.._on:<mm in E.ﬂwﬁ ' *:w .‘:.:
Somethin S to provide students with an 2.602:?3. to p}ﬁr:w _EJ ”::
Nstry nzom of personal interest. Without this sort of personal :mﬁ, .._:: ” ﬁ:: m
mgcgm::m.woimo:m like Raja probably would not r,:.a._c.aw:n,r J.vw %(2.
_mm:;:m 9?2 like bobsleds. Recall from Chapter 9 %m." :E 7_;, Em”:,,. ,4/.9;
$:,_.mm5m %n r.mm been found to promote wm_.»-a.mmi.:ﬂ.g._ in learning.

Dick uo: 1s n_wm% desirable to constructivist .&:2:#?. or paid
by Cong : o@ 1) raised a concern, however, about the lack of attentic L

:.:Q:H,_mﬂm to the entry behaviors of students. Not all students st

g
Pable 56 . i open-ended learning
)2 1o pursue an independent project, and 0pe




392 PART VII * Learning and Instruction

environments afford an opportunity to playv as much as they g
Dick noted, 7 €0 to leary,
Designers use analytic techniques to determine what a student muyc
be able to do before beginning instruction, because without th JK r:.cs. -
search shows they will not be able to learn new skills. Why are Q“.”m,. mr_:w re-
not concerned that the gap will be too great between the schema ow tructivisg
dents and the tools and information that they are provided? (Dick EMEM Mﬁw
. .43

In Dick’s view, achievement of a goal such as dia
must awﬁasa upon vnoq knowledge @m gvmnm:m?m symptoms, as welj
the ability to distinguish those from similar conditions that might be at by
utable to some other disease. An instructional analysis would reveal EM wzw.
what these prior skills are that must be acquired before the end goal nmnd:vm
reached, but also whether students have actually acquired the .9.3::&,
skills. If they have not, then remediation would be prescribed before st
dents engaged in solving problems dependent upon those skills, {

In response to Dick’s concerns, Perkins (1991b) acknowledged the
nitive demands that constructivist learning goals and instruction typically
place on learners. Learners must deal with complex problems, and :,:..w
must :ﬁ_m;\. more of the task management role than in conventional instruc-
tion” (Perkins, 1991b, p. 20). According to Perkins, however, this simply im-
plies that teachers must coach individual students who lack adequate entry
skills. “It is the job of the constructivist teacher...to hold learners in their
‘zone of proximal development’ by providing just enough help and guidance,
but not too much” (Perkins, 1991b, p. 20). Similarly, Cunningham (1992) com-
mented that teachers must not only coach students who lack prerequisite
skills, but persuade those who are unwilling or unmotivated to engage in in-
struction. Just how teachers can best coach unable students and coax unwill-
ing ones remains an open question (Driscoll & Lebow, 1992).

One possible way to deal with the lack of prerequisite knowledge and
skills is to identify and ameliorate gaps within the context of the desired
problem solving (CTGV, 1992). In other words, a part of solving complex
problems involves determining what skills or information a learner needs to
know. And learners who discover that, to solve a problem at hand, they must
acquire some other skill or piece of information will be more motivated to do
just that. Consider, for example, your own knowledge of the word processor
or other computer software that you use regularly. Chances are that you do
not know all of its possible functions and routines. Chances are even greater
that to learn some of those that you do not know will require learning 0n¢ o
two other routines first. But it is unlikely that you will take the time o _mm_‘m
any of these unknown routines until you encounter a need for them- O:ﬁ.
that need is present, however, you will learn whatever prerequisites ar¢ mee
essary to acquire the skill that meets your needs.

gnosing rwvmznzm_.c:

Stu-

ﬁnﬁ.

[ SRR

CHAPTER 1] » Constructivism 393

The same is probably true for learners involved in soly
em like those vnmmm:mma by the CTGV. As students deter
ems must be solved in .oamﬂ to solve the challenge presented in an in-
jonal video (€.8-, what is the fastest way to rescue an injured eagle from
cadow to which there are no vmmwm@_m roads?), they discover needs for fur-
am learning (€.8 how do we determine how much fuel would be needed if
wv:mq:_qs_wmz aircraft mm. _._.mma to E\. to the meadow?). “Once these insights
sbout need occur, then it is mv_un,ov:mﬁ and beneficial to let students find en-
Jionments (e.g- ml:-m.:a-n,.mnznm mﬁmqmﬁmv that can help them master spe-
dfic types of information more efficiently” (CTGV, 1992, p. 77). Thus, the
medical student who realizes, in the course of a clinical interview, that she or
he cannot call to mind the symptoms of hypertension with which to compare
an observed symptom will be motivated to restudy that information,

Prerequisite skills or entry learning goals, then, are not necessarily ig-
nored by constructivists, but they are attended to largely in the context of
?m_._ﬁé_qu goals. Moreover, detailed analyses of learning goals, of the sort
intended to Em_& specific instructional objectives, are likely to be viewed by
many constructivists as destroying the essence, or holistic nature, of the goal.
This is because such analyses tend to result in “decontextualized” skills and
knowledge where the very reason for learning them is lost or forgotten. In-
stead, constructivists prefer to retain their focus on higher-order goals and
just make sure the necessary scaffolding is there for support when, and if,
learners require it.

It seems clear from the remarks of constructivist researchers that con-
structivist learning goals are best met through a variety of instructional con-
ditions that differ from any proposed by theorists like Gagné. Let us now
consider what these might be.

ing a complex
mine what sub-

Constructivist Conditions for Learning

If problem solving, reasoning, critical thinking, and the active and reflective
use of r:os._mn_mm constitute the goals of constructivist instruction, what are
z.ﬁ learning conditions likely to bring these goals about? Again we see a va-
fety of recommendations from the numerous researchers attempting to ar-
ticulate constructivist theory. Moreover, many of these recommendations
MH.M&% instructional principles that were originally derived from Emo:om
?oammw a_mn:mmm.n_. Finally, as we shall also see, they ._w.,mo:\ merm!Nm the
reco s of _mmm.z_sm\ rather than the products of learning. Collectively, these
Mmendations include the following:

ox“. Embed :55.:% in complex, realistic, and relevant environments. See, ?n:.
cs_w,v_p Duffy and Cunningham (1996), CTGV (1991a, 1992); Hannafin
) Honebeip (1996); Honebein, Duffy, and Fishman (1993); and Lebow

é?.i
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and Wager (1994). This condition also finds support in sch

mental models research (Chapter 4) as well as situated nom:mmgm theo

tion (Chg 'Y and

te
2. Provide for social negotiation as an integral part of learning. Th; pter5),
condition is inherent in Piaget’s theory (Chapter 6), <%woﬁmr<“m m:% _mm:a:m
theories (Chapter 7), and situated cognition theory (Chapter 5 :wwcumim
rives from the work of Cunningham (1992; Duffy & Cunnin rm also de.
Honebein (1996; Honebein et al., 1993), CTGV (1990), and the Lopr.. L 20"
velopment and Hypermedia Group (1992a, 1992b), among oﬁrmnm.wgmm De-

3. Support multiple perspectives and the use of multiple modes of representati
The juxtaposition of instructional content to provide for multiple pers .
tives is one of the central themes in Spiro’s cognitive flexibility theory Amwwa-
etal.,, 1991, 1995). Providing for the use of multiple modes of Hmvnmmm:smoﬂ%
learning is supported by the work of researchers such as Cunningham (1992.
Duffy & Cunningham, 1996), Honebein (1996), and Gardner (1983, 1985) ‘

4. Encourage ownership in learning. Much of the work on self-regulated
learning (Chapter 9) is consistent with this recommendation. See also Duffy
and Cunningham (1996), Honebein (1996), and Lebow (1993).

5. Nurture self-awareness of the knowledge construction process. Cunningham
(1987, 1992) called such self-awareness “reflexivity” and noted that con-
sciously adopting different ways of constructing knowledge enables one to
see what is illuminated or hidden by any particular way.

Let us examine each of these constructivist conditions in some detail.

Complex and Relevant Learning Environments. “Students cannot wm expected
to learn to deal with complexity unless they have the opportunity to do so Aneo%
1991a, p. 36; emphasis theirs). This bold statement ::mos.cnmn:v\ _.m:.mna_.w w
opinions of most constructivist authors, who further believe that m:_% _%_\m
ing tasks for learners will prevent them from learning how ﬂ.o mommm to
complex problems they will face in real life. For Hunov_md_wmo_s:m mo:%_mx
be maximally facilitated, they argue, learners must cope with very w clieved
situations. Remember from Chapter 5 that Schoenfeld’s mEmm:wm?& in5
math problems were virtually unsolvable if they could not Wm_wo oblems
minutes or less (Schoenfeld, 1988). Experience with only simp mﬁﬂ and re-
can lead to such beliefs, whereas experience with more complica
alistic problems can prevent such erroneous ideas. Iy upon the sub-
What complex problems entail seems to amvasm._mnmm <U% ng jearned-
ject matter within which problem solving and reasoning m:.m: the ages and
To a somewhat lesser extent, perhaps, they also depend :_v c., ning € i
characteristics of the targeted learners. The video-based mw_mauanm_ n_.%‘
ments that the CTGV (1990, 1991a, 1993) developed for mat

M e i
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.o for example, contain problems of more thy
1l of the information required to solve these proble

A
.&mwmmm ch video, but the students must decide what info
in

n 15 interrelated

IS is incorporated

) g . rmation is
various pieces fit together. Initially used with fifth and relevant

L i sixth grad
ﬁ%n? the-oidesa s AP arently been adapted successfully for :%m.ﬂ:m
wan and second graders (CTGYV, 1991b).

Learning environment non._mwa can also be conceived in terms of both
the tools and the content & H.mmﬁE._m. Qumﬂ.wEm‘ 1991a, 1991b). With respect to
content, much noaﬂ‘:masmn Em.a.cnﬂo: aims to debunk students’ naive con-
ceptions Or nnwmcgw_uzo:@ _uw_dnﬁmluw in m._w areas of science and mathemat-
s. To do this, situations must make plain the inconsistencies and inadequacies
of the learners’ models and “challenge [them] either to construct better models
or at least to ponder the merits of alternative models presented by the teacher”
(Perkins, 1991b, p. 19). But what should such situations look like?

This is where the tools of a rich learning environment come in. Specifi-
cally, Perkins proposed that “construction kits” and “phenomenaria” be
widely used in the classroom (1991a; see also Wilson, 1996). Construction
kits enable learners to assemble “not just things, such as TinkerToys, but
more abstract entities, such as commands in a program language, creatures
in a simulated ecology, or equations in an environment supporting mathe-
matical manipulations” (Perkins, 1991a, p. 19). So, for example, Legos, learn-
ing logs, and software such as Geomtetric Supposer would be considered
construction kits (Wilson, 1996).

Similarly, phenomenaria enable students to observe various phenom-
ena and to manipulate concepts and assumptions within those phenomena.
The popular software series SimCity and SimEarth are good examples of phe-
nomenaria. SimCity is a simulation of real-world cities that allows students
to explore what it means to build and manage all the various aspects E city
life. Unlike simulations that are carried out for scientific investigation 0f
technical purposes, phenomenaria emphasize the instructional nature of
Simulations (Wilson, 1996). .

An alternative argument for complex learning m.w?.w.ac:Be:? mmswm,,
m§.= research on how people learn to solve problems 1n “ill-structure _cﬁcﬁ‘
ains" (Spiro et al., 1991, 1995; see also Spiro & Jehng, 1990; Jonassen, 1997,
ﬁsm_._ﬂ_.o_u_mg depends more on heuristics than on we o e means for
de EQM.SW a doctor (unlike a mathematician) Ev no n_.n%:?a treatment
s, 'ning whether a diagnosis is correct. >_::::ﬁ__ mu m + vo other possibil-
ities mvvmmq to be successful in curing the patient, atle: toctive and the pa-
4% often equally plausible. The treatment may be netiet

o +oalv eured the

wan_wg better on his or her own or the treatment .:M_p..::h _.w.xwtmwﬁw,?.}
em . originally diagnosed-

:Em:um.. but the problem was not what was c:r_:u} Wm additional evidence

Prepared to accept either of these nc.f,m._w,_::n
O warrant it,

Seemg ¢,
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m.ﬁﬁ.c B.a his colleagues aCn:-.dm:Ea the tendency of me
to oversimplify the concepts and principles comprising diagn
They argued that “instructional focus on general Ulznmv_nmr
of application across cases or examples” (Spiro et al.,
cause. Part of the mo_:.,:c? *:mwmmcne\ should be to retain, in medical i
tion, the complexity inherent in this ill-structured domain. In a~
this, cases should be studied as they really occurred, “not mw mion )
‘textbook examples’ that conveniently illustrate some principle” ﬁv P
1987, p. Hm.,:. In Eﬂi:m m_uc_E hypertension, then, medical stu
best examine multiple case histories of hypertensive patients, so
range of their symptoms might be illustrated.

_.onm.mmm: Go.oN 1999) offered an instructional design model for de-
wm_ov:_m instruction to nmmmr problem solving in both well-structured ang
ill-structured domains. With respect to ill-structured problems, he recom-
mended that a context analysis be conducted to lay out the nature of the prob-
lem domain and the constraints that might affect problems in the domain. In a
domain such as medical diagnostics, for instance, an increase in malpractice
suits could certainly affect doctors’ use of additional tests to verify an initial
diagnosis. Jonassen suggested that these kinds of constraints be introduced
during instruction as students pondered case problems.

Sometimes, complex and realistic learning environments are taken to
mean the same thing as authentic, or real-world, learning environments.
Certainly, there is value in learners practicing their skills in an authentic per-
formance context, as when young musicians play in an orchestra nmn:& at
their school. But they would have difficulty becoming proficient players fall
their practice occurred in that context. Thus, Anderson, Reder, w:& Simon
(2000) sounded a cautionary note about complex learning situations, mnrﬂ
ing Jonassen's (1999) belief that a restrictive conception of mcﬁrmw:r M,w ,
result in learning environments that are authentic only in a narrow conte
(p- 221).

&nm_mEac
0stic medjcin,
With wide e .
1991, P-27) wag the

Nts
€ Scope

quc.nn
rto do
d down
Spiro et al,,
dents might
that the fy]]

) : :i?m
. Iy " o ttings is a communal activit
Social Negotiation. “...learning in most setting rygotsky anid

sharing of the culture” (Bruner, 1986, p- 127). Or, to para Y5 avelop

: ; ns d
situated cognition theorists, higher mental processes E:W zmM wmm&m about
through social interaction. Because constructivists hold to the | feature i

learning and thinking, they emphasize collaboration as a Q_:m».wmnrw:m stu-
the learning environment. Collaboration is not just 2 memn w_ Lnowledge
dents to work together in groups or to share their .59: Bl N i B
with one another. Rather, collaboration enables insights wb?mji-
arise synergistically (Brown et al., 1989) that would :om we he efforts °f
about. For example, can you recall a situation in i?m? bu e per of
a group, some problem would have gone :bmo_fmm YOQM :mw.,. genera!
the group would have had the wherewithall to independe v knowleds®
effective solution, but the members together had the necessar

T
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Another important %.c:.na.c: of collaboration in Jea

- ﬁqoin_m a B.mm:m for individuals to understand point of view other than

ir own. Cunningham (1992), for example, argued that dialogue in a soci
:_Mm:m is BQEEQ for students to come to understand another’s view, rwwm_m_
ﬂm or reading vaﬁzm_% is not sufficient to challenge the m:m?a:m_\m.mw_ovammu
Em?:ﬁ:m. Echoing Cunningham'’s view, the Language Development and
Hypermedia Group :c.@NP 1992b) described instruction as a matter of nu-
uring processes v.w .Er_n: learners develop and defend individual perspec-
tives while recognizing those of others. What happens in learning, then, is the
yransmission or sharing of cultural knowledge, i.e., how concepts in a partic-
ular culture are understood and applied by its members.

As an example, consider how medical interns can be brought together to
discuss symptoms noticed in a particular case. Having taken note of different
things, they may propose alternative treatments, which they must then justify
to their peers. Similarly, students involved in solving a challenge such as those
proposed in the CTGV’s instructional videodisks may propose alternative so-
lutions and then justify the reasoning behind their proposals. Hearing a vari-
ety of other perspectives helps learners to judge the quality of their own
solutions and to learn perhaps more effective strategies for problem solving.

The communicative aspect of collaboration during learning can also
have the effect of transforming all parties involved (Pea, 1994; Edelson, Pea,
& Gomez, 1996). Most constructivist researchers have argued forcefully
against a transmission view of communication, i.e., communication as a
message sent by one person and received by another. Rather, they have con-
ceived of communication as a representation of shared belief—participants
In sociocultural communities perpetuating their culture (see Chapter 5). wmm
m_,sm his colleagues, however, proposed a transformative view of communica-
.ao: that they believe is facilitated through constructivist conditions of EE.:.,
Ing. According to a transformative view, “The initiate in new ways of
Es_asm and knowing in education and learning practices is .ﬁmbﬂo&:mg by
the Process of communication with the cultural messages of others, but so,
Sn. is the other (whether teacher or peer) in what is _mmn._m@ about the
“Mque voice and understanding of the initiate” (Pea, 1994 - 288). -
Ol F.Jmmw:m‘ for example, what would happen .; Raja, in mﬁ m%mﬂwﬁm
ﬁﬂ:va Games, found a Web site on the Internet for the Jamaican 59  th
”EE. .w_*wnr allowed him to communicate with %mzowm Wmﬁw%ﬂroéoh
Would g o mess of his learning about bobsledding 22 91 id hold in
both g; tremendously enhanced. But the transformato o eam. His

. “rections—from the team to Raja, and from Raja to the ¢ e

G o 2 i id effects on team mem
bery E.mm_om and communications could have c:ﬁ,oﬁir«sm:gu they provide
ON thejy SWGQ‘EmSmm?mm and their sport, on the informat Y

site, and so on. L ctarbing

Tning environments

A . 5 ec
with cCording to Edelson et al. (1996), advances It Ku. .
Personal computer have “assisted i broadening

the
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collaboration takes to include not just discussion but the
and cooperative work across time and distance” (p. 152).
tential is there for technology to Em% a"re

sharin

of artj
" g ::55
] oreove,
volutionary role
new forms of learning conversations in educational se
1996, p. 152). Indeed, a whole new genre

emerged as computer-supported collaborative lea rning (C
1996).

‘ I, the po-
. N Supportin
things” (Edelson et m_m
of research and application ?_.\
S

SCL,; Koschmany,

Multiple Perspectives and Multiple Modes of Learning. Ch
structured content domains are cases or examples that are diverse, mme:_&
and complex (Spiro et al., 1991, 1995; Feltovich et al., 1996). General pring.
ples do not apply widely across cases, nor is it possible to use a single anal-
ogy or model to represent all cases or content in the domain. When
learners attempt to apply, to ill-structured domains, the strategies they
have used effectively for understanding well-structured domains, they
make errors of oversimplification, overgeneralization, and overreliance on
context-independent representations (Spiro et al., 1988).

In the biomedical domain, for example, which Spiro and his colleagues
have contended is ill-structured, students who use only the metaphor of the
machine to help them understand how the body functions tend to analyze
cases only partially. The same is true among students who understand
bodily functions only in terms of organicist metaphors. The point Spiro
makes is that neither metaphor is wrong, but neither metaphor captures all
aspects of body functions.

Remember the difficulties inherent in selecting pedagogical models for
helping students to develop mental models of complex phenomena (see
Chapter 4). Whereas mental models researchers proposed the use of one
model, pointing out its limitations, or a series of models to illustrate different
aspects of the phenomenon, Spiro and his colleagues advocated the use of
multiple forms of models, multiple metaphors and analogies, and Bz_m%_m
interpretations of the same information. These are the hallmarks of Cognitive
Flexibility Theory (Spiro et al., 1991, 1995; Feltovich, et al., 1996). “Revisiting
the same material, at different times, in rearranged contexts, for &mm.z.._..: vﬂm
poses, and from different conceptual perspectives is essential for mzm_:_:mm o
goals of advanced knowledge acquisition” (Spiro et al., GS\.\ P 28). Mzm
called this multiple juxapositions of instructional content, or n:mm-nﬂn“w_ P
the landscape,” and suggested that hypermedia provides an mv.am:mi w o
achieving it. A rich and flexible knowledge base can be _UE.: wr.mﬂmﬂ e
learners to systematically explore multiple models and Bc_nmwm “:.M:m%?
tions. You can see how advantageous this might be for B.ma_nm“ w% ntage
They would be able to examine a single case from many differen tom.
points and see firsthand the effect of reinterpreting a particular mv:“%» canbe

Itis now largely accepted among contructivists that :v%mls.mf, ,_:nai
effectively used to encourage students to think about ideas, theories:

aracteristic of ).
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or whatever, from a <m1m€ of va?v».ﬁ?ﬁ. (e.g., Cunningham, 1992),
works: pooks such as this one about theories of learning are written with
[na %_‘w_me ame goal in mind. Many of the same questions aboyt _mm_,a:m are
much t py different theorists from different perspectives, and differen meta-
snw_ﬁﬂck earning function to highlight different aspects of the same content,
phors al juxtaposition of ideas, however, is largely in your hands a5 the
The mns_“ iuo:_ d be unwieldy for me, as the author, to revisit content to the
a&mﬂ%m» you, as the reader, can do very easily. For this reason, perhaps,
extent nstructivist theorists have turned to emerging technologies as the
many noBmmw: g means by which to implement essential learning conditions.
most ﬂ”w:% using multiple modes of representation can serve as a means of
- omEom. That is, viewing the same content through different sensory
_c“MWm (such as visual, auditory, or tactile) again enables different aspects of it
M”_um seen. It is also worth noting that multiple modes of representation have
now received support as an instructional mqm;om%. ?oﬂ nomamﬁ.w information-
processing theory, educational semiotics, and biological theories, as well as
from constructivism.

Ouwnership in Learning, Arranging instruction to meet E&Smcm_ student
needs is not an idea new to constructivism. It has been a Hmn::.Em.EmBm
throughout not only this book, but also learning Emoa.\ development in gen-
eral. What distinguishes the constructivist perspective is the placement of EM
student as “the principal arbiter in making judgments as to what, when, an .
how learning will occur” (Hannafin, 1992). In other words, students Mﬂmﬂﬂo_‘
passive recipients of instruction that has been designed for ?mB. Instead, mm
are actively involved in determining what their own _mEE:m Jwﬁ_m are an ,
how those needs can best be satisfied. As Perkins (1991b) put it, “Students are
not likely to become autonomous thinkers and learners .: they lack EM ow_mmmm
tunity to manage their own learning” (p. 20). Thus, it is important »M ,mm__wch@ ¢
Student ownership in learning (Duffy & Cunningham, 1996 Honebein, 1996;
Hannafin, Land & Oliver, 1999).

ot with elementary school
Consider the following report of a project with elementary schoo
students:

tudents who display .:a
about fractions with
\ts to software de-

In Harel and Papert’s [1992] work, elementary school s
a great dislike for fractions tackled the task of learning
Breat enthusiasm when their role was changed from mzaﬂ LOGO (software
signers, .;3\ were asked to design a computer ﬁ_.oﬁ:::,_: _.‘.?,n::::. to chil-
they Were m__.mmmv\ familiar with) that would teach the ?_mzm ﬂ_, %”;. first had to
dren one year younger than themselves. In order to do :.:?._A yns. When the
teach themselves what was important to know about :,_MJH”* : Lo
Project was complete, the students had learned not only abc

.. ‘._.A::_,,::
w_mM mgc.mcmgm_.m design and :._,J.:.:Q,_::.:acv_m:‘: _:::..
P.9)
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This example is remarkably similar to one cited in an earlier nrmgmﬂ ;
which an elementary school .ﬁmmnﬁmn had students produce <Emo§vmm »:
teach their peers about topics in science. In both cases, the studens have mo
investment in the project, making their own decisions and evaluating :.:w:
own progress. The teacher is there to serve as coach and resourc r
the learning process rather than controlling it.

Ms. Patterson, in the Olympic Games scenario, is also facilitating st.
dent ownership by providing the Web site and encouraging students to iden-
tify and investigate topics of interest to them. A likely outcome is enhanced
learning and motivation.

Whether students are prepared to take ownership and manage their
own learning is a question posed by critics of contructivism. Clark (1982) re-
viewed research on student attitudes toward and preferences for particular
instructional strategies and concluded that students are not the best judges
of their own learning needs. For the most part, they preferred methods that
were not well suited for facilitating their individual achievement. Many in-
vestigators of learner control in computer-based instruction have reached
much the same conclusion (Steinberg, 1989). When given options, learners
apparently choose the quickest route through the instruction, whether or not
that route best meets their learning needs.

Two issues are raised by these findings. The first concerns whether stu-
dents are capable of making effective judgments about their own learning
needs and how to satisfy them, whereas the second concerns whether ‘92‘
are willing to do so. A tacit assumption of constructivist learning environ-
ments is that students possess whatever metacognitive skills are necessary to
successfully navigate in those environments (Hannafin, 1992). If they donot,
then designers of these environments should embed aids to students that
will help them navigate lessons. These might include, @ example, an orga-
nizing theme, various forms of help, advice, hints, or mcimm.nmmmn.so:. )

Perkins (1991b) agreed that students must often be mmm_mnwa in mewm-
ing learning tasks and referred to the classic solution of scaffolding, o“nmgﬁ
ing, mentioned earlier. Exactly how to do this, particularly by one m: nd
with a number of students, is less clear and is indicated by O:mno_:.,
Lebow (1992) as a pressing problem for constructivist —,mm_mmanwﬂmnm to mmos,a.

As for the concern that students do not all “buy into Mﬂm »nmsnwma
managing their own learning, it has already been ..Emm@ﬁa m.sc:m_ de-
must persuade them. To do this requires that a :wmm&.;mn or Sm:.ﬂ.. construc-
signer approach the double agenda as such, engaging studen w: g process
tively in thinking both about X [the content] and about the learning

reflectively” (Perkins, 1991b, p. 20).

Finally, perhaps one of the reasons that ;
gating a learning environment or try not to do so on z.:w: 0
such environments have typically been decontextualized.
ingful context to guide them, learners are left to figure out

e, mrma:m in

iffi - navl

students have a::n:_a.wma“
wn accord 15 -

without 2 mean

‘what the teacher

i
!
d
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5" or “what will St A1 1 test.” When that happens, learning tasks
pecome tests of endurance, something “to be gotten through.” On the other
hand, “tasks that are nrc:mrn. to _u.m.a_m_nc: when attempted in
alized environment _umnoBm. Intuitive when situated in 3 larger framework”
A:ozmc&: etal., 1993), Emﬁ 1s, 2 more authentic context. The reasons become
dlear as to why information and skills should be learned, and their learning
advances the students toward the achievement of some larger goal, like the
Ecacn:OS of videotapes to teach peers what they have learned.

wan

a decontexty-

Self-Awareness of Knowledge nczmﬁ‘znmcx. Cunningham (1987, 1992: Lan-
guage _Um<m_o?.:m:~ and Hypermedia Group, E.owm, 1992b) defined reflexiv-
ity as “the ability of students to be aware of their own role in the knowledge
construction process.” Awareness of one’s own thinking and learning processes
is a capability cognitive EOHEmaos-_unOnmm&:m theorists have commonly
called metacognition (see Chapter 3). Helping learners to become more aware
of their thinking processes is thought by many, including Gagné, to be essen-
tial in the development of mindful, strategic behavior or cognitive strategies.
Although constructivists might well agree with cognitive information-
processing theorists on the definition and importance of metacognition, they
mean something more by reflexivity.

With reflexivity, a critical attitude exists in learners, an attitude that
prompts them to be aware of how and what structures create meaning. With
this awareness comes the ability to invent and explore new structures or new
interpretive contexts. In other words, when learners come to realize how a
particular set of assumptions or worldview shapes their knowledge, they are
free to explore what may result from an alternate set of assumptions or a dif-
ferent worldview.

The goal of reflexivity is partly supported by the juxtaposition of in-
Structional content and the resulting emphasis on multiple perspectives Itis
also very much related to ownership in instruction and the learner’s subse-
quent commitment to a particular perspective.

_ Consider, for example, the different views of learning that are m%mw:"&
'n this book. What do they each imply about your own learning of their as-
*Umptions and principles? From a cognitive information-processing point of
sm.s.. You might be expected to treat the book as declarative knowledge to be
quired, with different schemata about the various theories r.c:m:ﬂ:.,.m‘d.q. }w
=k n.um your learning efforts. By contrast, from a constructivist pomt of SEV,_
r“ﬂm::@rn be expected to amnom.dﬁm that all these theories are wwﬂrﬂ%&,ﬂ )
tog &”ﬁm of the phenomenon of learning. Their @_,:w?ﬁm. m;,,g o o e
Son g P1tUres of learning, and consequently,of Msructon 7
wha U classmates and athrs, you might develop PO
85395& (or theories) is the most right or useful. ¢ i in onder to pose 2
ew set of Pon which all these theories rm.f.u Tm.n.:,v.Lw.ﬁ.‘” i.,.a.,ﬁ,.“uw.

aSsumptions and explore a potentially new theort €27

lead

1 0

1ew a

]
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It should be noted that this contrast between ¢
information-processing theory has been drawn rather sh
the point of reflexivity. Not everyone would agree with m
the very debate that would be prompted by such disagree
to further illuminate both positions.

Nurturing self-awareness of knowledge construction, then, ig alea
ing condition that constructivists assert is essential to the acquisition of onw-
such as reasoning, understanding multiple perspectives, and goals

committi
a particular position for beliefs that can be articulated and defended. ting to

Nstructivigt ang
m:u.q to Ulustrage
y a_mmsnmozw but
ment woulq serye

Summary. Displayed as a summary in Table 11.1 are the learnin
sociated with constructivism, together with the learning conditions pre-
sumed to bring about those goals. We are now ready to consider the third
element in constructivist instructional theory: specific methods of instryc-
tion. Suggested methods are also presented in Table 11.1.

& goals as-

Constructivist Methods of Instruction

Some methods have already been suggested that are shown or likely to be ef-
fective in implementing the conditions constructivists believe are essential for
learning. Others—including microworlds and hypermedia designs, collabora-

TABLE 111 A Summary of Goals, Conditions of Learning, and Instructional
Methods Consistent with Constructivism

Instructionatl Goals Conditions of Learning Methods of Instruction
R ing Complex, realistic and 7:29;.35@ problem-
relevant environments that  based learning
Critical thinki ng incorporate authentic
R activity
E&a._gw.ﬁa. Social negotiation Collzborative learning
“ogn m“@.v.wm_& = Bubble Dizlogue
gnitive ibi ity ,fncmcvmﬂ perspectives and :”..‘ﬂ-mudﬂﬂvamw
multiple modes of learning |
i lezming
Self-regulation Ow ip in learning Cﬂ\@:&mmwﬂmﬁ
NHN...WNQ_JH_).W.E«? —
collaborative 27 ‘\\‘ ,
eflection _u:\uwa?dww«a lear?’s
:H\Kmmaw 3 ’ guﬁsmﬂg in .@ﬁW@”k aw.ww.”._\\m\‘\,.\.\...f
- s, debates,
Pitemic flexibifivy ledge construction plays, 9\.«. o I
collaborative ™= g
v;‘l‘l‘l’al"'..'-lll’nl."’ e ———— !\n.‘\li\l\l.i\\\\.
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o learning and problem scaffolding, goal-based scenarios and
i 4 learning, and open software and course mana
Emm_mami multiple conditions simultaneously.
_mﬂ.w Before proceeding, however, it is important

an explosion of activity over the last few years in

problem-
gement tools—serye ¢

Each merits 3 brief discuys-
to note that there has been

: : the design and use of these
of learning environments. It would be impossible to describe them al|

in this chapter. Therefore, 1 rm<w Emm to give you a sense as to what they are
jike and urge you to look up o:m_.:m_ sources for more information. It is alsg
important to realize that, as I write this, more project reports and descrip-
tions of projects exist than empirical data showing their effectiveness,

Microworlds and Hypermedia Designs. As the name implies, microworlds
are small but complete subsets of real environments that promote discovery
and exploration (Papert, 1981). Their design has been influenced by research
on mental models (see Chapter 4) as well as theoretical developments lead-
ing to the emergence of constructivism. Microworlds have two essential
characteristics that distinguish them from similar concepts, such as simula-
tions (Rieber, 1991b; see also Rieber, 1996). That is, they embody the simplest
working model of 2 domain or system, and they offer a point of entry that
matches the learner’s cognitive state. LOGO, for example, perhaps the most
widely researched microworld currently in existence, permits children to ex-
plore and discover the world of computer programming by writing com-
mands that drive a “turtle” (Papert, 1980).

In ScienceVision, an interactive videodisk-based microworld, students
conduct scientific experiments of the sort that would generally be precluded
from middle school instruction because of prohibitive expense, time require-
ents, or potential danger to the students (Tobin & Dawson, .Em.u,m mo‘a ex-
ample, in the study of ecology, students can investigate what it would take .”m,
Onvert a mining site to farmland. Through simulation, they analyze sou
s2mples, plant and monitor various crops, and conduct cost-benefit analyses
~¢¢ on their findings. L
des; Because interactive videodisk microworlds are themselves expensive 10

81 and produce, some researchers and instructors are turning b 1ypK
:xa.... ‘2asa me expensive and more widely available mxmsmm.«m« x‘
fore typically run on microcomputers, S.Enr can be mmw,‘w‘xq% an
ing4 (.wﬁmmmvoaa by several _@mamww at once. Oﬁ_mb.mwmﬁmmwﬁm ¢ . sk
* informar ¥ of information about the topic of w._\.;m_.‘mwr %u.mﬁ,m p.
B2ph or tion as autobiographical data, descriptions, GERIEEE -

: aphi igNs. interyiews ther samples of research G2ia, &
the EE. qu _ur_n QQ&N:F interviews or other samp! ” - ia

hyper-

Hyperme

1992), grad... 2MPle, in the Lab Design Project (Honebe: loring
a&maaz wmcu.m students investigate the sociology of 2 b T

an cafy ,,, boots Of it that are represented in the hyper™
Olfery 3 ~v from the data base the types of informat _.
ey were to do research in a real building (Honeoem =2
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At the least, annoioa_mm. and .rmﬁmzﬁm&.m ﬁﬂﬁam rich, studen;.
centered learning m:inozam:ﬁ,m in 2:.:..: authentic activity is stressed, De.
pending upon their use in an 535251& n.obﬂmxr they may also gy
conditions of social negotiation (e.g., Emihovich, 1981) and nurturance

flexivity (Rieber, 1991a, 1991b).

Pport
of re-

Collaborative Learning and Problem Scaffolding. Collaborative _mm:,_._:w
has already been discussed to some extent, with mention made of the ey,
tensive advances in computer-supported collaborative learning. Much of
the impetus for CSCL can be attributed to an area of study known as con-
puter support for collaborative work (or CSCW; Galegher & Kraut, 1990),
A fundamental assumption of CSCW is that computers and their related
technologies can “facilitate, augment, and even redefine interactions
among members of a work group” (Koschmann, 1994, p. 219). Software de-
signed to be used by groups to facilitate and manage the interaction among
group members is known as groupware.

Such collaborative technologies are now finding their way into instruc-
tion to support learning of students engaged in a learning task as members
of a group. CSCL applications have been designed for use within a class-
room (e.g., CSILE; see Chapter 5) and to connect learners across classrooms
and outside of classrooms (e.g., the Collaborative Visualization project, or
CoVis; Pea, 1993a).

An advantage of collaborative technologies that are Web-based is that
they can provide problem scaffolding (Hannafin et al., 1997) in the form of
virtual access to knowledge experts and on-line support to make thinking
visible. In this way, students can identify learning goals, conduct investiga-
tions, keep track of their progress, think about their ideas and those of oth-

ers, and communicate to others within and outside the immediate learning
community.

Goal-Based Scenarios and Problem-Based Learning. The Goal-Based Sce-
narios (GBS) framework (Schank et al., 1993/1994, 1999; Bell, Bareiss, iy
Beckwith, 1993/1994; Kass et al., 1993,/1994) is an example of a computer
gm.ma learning environment but with a different emphasis than the nc_._mvo.
rative technologies. GBSs present a clear and concrete goal to be m%_m,\%
Am.m; composing a piece of music, designing a car, starting a business, €r2 w
cating a disease) and provide a task environment where learners learm »ﬂ

ractice target skills. Schank et al. (1993/1994, 1999) use the metaphor o' -

e ) . ver
mission to describe GBS, in that there is a mission context (including 2 ¢

LY mm\
story and explicit statement of the mission) and a mission structure. e
m_o:ma.cn.ﬁﬁmgazammmmon:m

_a
i ‘od out to achie
the miss; . and operations to be carried 0 e
M—MWBMMWHM’. ;m me 18 mgw_.mh in BND% H@Wﬁvmhﬂm to WznTOHmQ mjmﬁﬁﬂﬂﬁou‘ﬂ A
mo&vmnm:mv.. but GBS researchers claim that learners are particip
10, rather than observers of the video-based anchored i

ants E,%m
nstructio™

e b D

PRSI FIRESE
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They assume roles within the mission and essentially engage in a real-time
: ion.

EBEWHHUEmB-Umme learning (PBL; Duffy & Jonassen, 1992; Savery & Duffy,
1996; Nelson, 1999) r.mm :wnm.::v\ B-mB.m:ouma.mm a constructivist method after
a long history of use in medical mo_:nm:w:‘ Like other collaborative technolo-
gies, students in problem-based learning Mzonr in groups, and like GBSs,
groups work to solve a “real” problem. Unlike these other approaches, how-
ever, learners may seek out a variety of resources, technological and other-
wise, to help them arrive at possible solutions. The emphasis in PBL is to
provide a problem-solving process that students may use systematically to

identify the nature of the problem, assign tasks to be completed, reason

through the problem as data and resources are gathered and consulted,

arrive at a solution, and then assess the adequacy of the solution. Once the

problem is concluded, the learners also reflect on their reasoning, their strat-

egies for resource gathering, their group skills, and so forth.

Software Shells and Course Management Tools. Software shells are largely
empty of content, providing instead functions that can be readily adapted to
the user’s intended application. A tool known as Bubble Dialogue is an exam-
ple (Language Development & Hypermedia Group, 1992a, 1992b). Through
Bubble Dialogue, students create conversations among comic strip charac-
ters, including thoughts that would not be said out loud. In this way, they
have the opportunity to express “personal (perhaps naive) views of the
world, to contemplate multiple perspectives in both public and private do-
mains and to accommodate their own thinking to contrary views” (Lan-
Buage Development and Hypermedia Group, 1992a, p. 44).

_ The authors of Bubble Dialogue have found the tool useful in facilitating
dialogue among grade school children about the long-standing conflict in
ﬂwzgg Ireland and among preservice teachers about teaching strategies.
it reover, the permanent archive created by the program facilitates later ed-

Ng or reflection and supports the development of literacy.
wcvv.““mmmﬂvw rmﬂ>.ﬂ< is another sort of software shell that is designed to
wnm:m_noamw_w_u\ adaptive learning environments (Schwartz, _.w:_ Brophy, &
solyin m 999). It makes explicit a learning cycle that embodies a m?EmB
Emmzmm%:ﬂnmwml.?og accepting a learning challenge, to modcnm::m ideas, to
their Egm.w understanding, and finally to learners publishing the results of
Em«:mnm to Ing for others to consider. STAR LEGACY helps ?,mmrc? m‘:a
USe of the _Mmm Swrmnm they are and reflect on the learning process. wmnnmmm:.m,
€Ning o ::Qmmn_mm _m.m by each group of students enables progressive deep-

Finall Mﬂ#mna_:m about the topics under study.
199¢, O:vmwm mﬁm course management tool known as Q.v:m::w (Lebow et al.,
Courge instry Driscoll, 1998) is a software shell that is amm_m:.mn_ 3. m:,mv_c
m:.mma% doi nncnm. to mount Web-based courses with constructivist ﬁ::..n:u_e,n
€Signed in. For instance, an informational data base is present in the
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s that can be searched easily by author or k
ides the means for learners to publish o:m

yword, A
-line theiy

form of on-line article

variety of reports prov
thoughts and opinions on the articles as they read them, to describe
Projects

in which they are engaged, and to bring new resources to the class th
benefit members. A computer conferencing system is also m<m:mw_ at may
learners can discuss articles and projects as the semester anmmmm ikt
features together provide a public, on-line learning environment in Sﬂﬂ,mmm
artifacts m:.om:mmn stand as evidence of the knowledge-building E:_MM e
community. n the
Walter Wager, one of the developers of Construe, tells interested col
leagues that using Construe does not assure a constructivist learning m:sH
ronment (personal communication, September 1998). The software can, after
all, be used to support very traditional instructional strategies. Ioimmms as
one who has herself employed Construe in a graduate course, I am con-
vinced that the use of all the software’s features as an integrated system
guarantees a very powerful learning environment that will yield learning

outcomes consistent with constructivism.

ccident that constructivism is gaining popu-
time interactive, user-friendly computer
ilable. The computer offers an effec-
st strategies that would be &ES.:
s not to imply that other media
tructivist pedagogy- The g__m.
r example, can also occur in
rojects need not be mE.
¢ activity. However itis
uired to effectively 1M

Summary. It is probably no a
larity and momentum at the same
technologies are becoming widely ava
tive means for implementing constructivi
to accomplish in other media. However, this i
cannot also be effectively employed within cons
cussion that is facilitated by Bubble Dialogue, fo
well managed debates and role plays. Moreover, p
ated in hypermedia data bases to provide authenti
likely that a variety of resources and time will be req
plement most constructivist principles.

Conclusion
ny areas O
s own chap
roaches.

Constructivism has taken such a strong hold in ma
today that it seemed appropriate to discuss it within it
the fact that it is not one theory but a multitude of app
proaches develop and proliferate, it also pecomes less € 7
constructivism is a theory or a philosophy (Lebow, 1993). A%F e o
indeed be incommensurable with an instructional theory m:nr.

_umn.m:wm the two would have been built from opposing mmmcancoﬂ other I
philosophy, constructivism may be viewed as not competing el
structional theories, but providing them with an alternative 5¢
deserve serious consideration.
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according to Lebow (1993), form the basis for five princi-

These values,
perhaps be incorporated into any theory of instruction:

ples which should

uffer between the learner and the potentially damaging effects
ractices in use, (b) provide a context for learning where the
needs for both autonomy and belongingness are supported, (c) embed the rea-
sons for learning something into the learning activity itself, (d) support self-
regulation through the promotion of skills and attitudes that enable the learner
to assume increasing responsibility for the developmental restructuring pro-
cess, and (€) strengthen the learner’s tendency to engage in intentional learning

processes. (pp- 45)

(a) Maintain a b
of instructional p

o articulate constructivist theory and de-
amework of learning and instructional
ue to far outstrip empirical findings.
when one considers how difficult it
tructivist pedagogy. Hickey, Moore,
ers did not always implement the
the Jasper series) as the developers

reported to have used ‘fact
e class-

Much remains to be done t
termine its place in the broader fr
theory. Theory and conjecture contin
It is not difficult to understand why,
can be to implement and study cons
and Pellegrino (2001) noted that teach
constructivist curriculum (in this case,

intended. “Most teachers nmwo#mm or were

sheets’ to structure the ﬁaoEmB-mo_Ssm activity, and in one of th
duced to having students compete

rooms, the Jasper activity was largely re

with each other in answering questions on the fact sheets” (Hickey, Moore,
& Pellegrino, 2001, p. 634). However, was imple-
mented as intended, positive consequen g were gen-
erally the result.

Constructivism is not without it s e
questioned the validity of the constructivist world view In light of findings

reported by Chall (2000) that teacher-centered approaches were more effec-
tive than student-centered approaches for enhancing academic achievement.
Likewise, Anderson, Reder, and Simon (2000) examined some of the claims
of constructivism and found them to be wanting. In their opinion, construc:
tivism offers little that is new and ignores much that is known: However,
w_.mm_ﬁ.w is broad consensus on several points (Anderson, Reder, & Simon,

when the curriculum
ces for student learnin

s critics, however. Matthews (2003)

earner.

doing enable le deep

® Only the active learner is a successful ! s (o achieve

® Learning from examples and learning by amers 197

levels of understanding. ing

® Learning with understanding is what is desired, not rote lea! ”::.w_
& anl.

® The social structure of the learning environment is import

he E:?JS_ evidence

vide t .
id g hing and learning:

;ons for teact

In §

— .

:mmn__.MM\ research on constructivism shov
to evaluate its claims and implicat
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A Constructivist Perspective on “Kermit
and the Keyboard”

The story “Kermit and the Keyboard” illustrates many aspects of a congt
tivist learning environment. The learning goal of playing the rmwwomamﬁmn,
fully, using a variety of backgrounds and voices to achieve a desired moE,a _._.
complex and involves use of knowledge, critical thinking, and mo:-am:_mc,m y
The physical skill of actually playing the instrument is not well addressed %
constructivist theory, but the cognitive skills associated with it are. Kermit EM
complete ownership over his own learning. He decides what he wants to learn
and how he will go about doing it. The learning environment is certainly com-
plex, and Kermit has a variety of information resources available to him (such
as the keyboard manual, the fake books, the music instruction books, his wife,
and online chat groups and web sites). When he works on a particular song
and reaches a section that is difficult to play, he can resort to exercises in the
music instruction books to help him develop the necessary skill. In addition,
when he is ready to learn a new feature on the keyboard, he can consult the
manual for relevant information and diagrams showing him how that feature
functions. When understanding proves difficult, there are the on-line re-
sources or his wife to help him overcome the problem.

Kermit epitomizes the constructivist learner in that h
learning task already motivated and with enough relevant prio
to be successful in his learning efforts. Interestingly, we can se€ th
this environment to support Kermit when he makes a lot of mistake
his practice sessions. There is no systematic scaffolding as recommen
constructivist theory for when learning and performance fail. As @
quence, Kermit does not overcome his errors, nor does he persist in attempt-
ing those songs on which he makes many mistakes.

e comes to the
r knowledge
e failure of
s during
ded by

conse-
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Theory Matrix

Theory Constructivism

Prominent Theorists D.J. n.::bﬁm:ma (see also Chapter 5); D. Jonassen
Learning Technology Center at Vanderbilt; D.
Perkins; E. von Glasersfeld (radical
constructivism);

Learning Outcome(s) Reasoning, critical thinking, understanding and use

of knowledge, self-regulation, mindful reflection

Active constructor of knowledge, making meaning of

Role of the Learner
the world surrounding him or her

Provide complex and realistic learning environments
that challenge learners to identify and solve
problems

Support learners’ efforts and encourage them to
reflect on the process

Ml-structured problems, information and technology

resources to support problem-solving; ability to be
self-directed or conditions to support becoming se

directed

Role of the Instructor or
Instructional Designer

Inputs or Preconditions to

Learning
1f-

Besides referring to structuring and restructuring
knowledge and the dynamic nature of knowledge,
constructivists are vague about the process of

learning

Process of Learning
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