
CJl iun  
Although constructivism is a concept that has :)rlllg], , 
been enhraced r11y many teachers over the past 

lualilr 
1 B o o i  I 

15 years, the meanings that are attached to this 
term ore ~saried and  often inadequately under- 

;ihooi stood. Teachers need to have a sound under- 
'rsi I V) 

'31ion e standing of what constructivism means  to 
' lonal  evaluate its promise and  to use it kno~t,ledge- 

ably a n d  effectively. This paper  explicates 
uder~t , 
P t i o n ~  

s o m e  of the theoret ical  background of 
IEd.0 constructivism and  then presents a detailed 
fa to)^ example in which a traditional classroom les- 
M . &  
i- San Cons~uct iv ism in Theory and SO" and  a constructivist version of the some 

practice: ~ ~ , ~ ~ ~ d  a B~~~~~ lesson are described and  analyzed. Also dis- 
3rad.. I cussed are  pervasive nljqhs and  important in- 
>rn i n  Understanding stiuctionalissues of this widely advocated a n d  'emir! 

increasingly p o p u l a r g v .  
;oar& for leaching across the entireK-12 curriculum. 
I h l . ~ .  Jarnes. hl. Applefield 

RichardHuber 
hlahnaz hlo>llem In[rocjut;tion 

The Uniirersity of  North Carolina at Teachers' personal theories of learning have 
\.J1ilrnington long been viewed as having considerablc in- 

fluence on virtually all aspects of teachers' 
4 decisions about instruction. Not only one's 

struction is directly impacted by orle's beliefs 
about learning. In addition, teachers' views of 
learning guide them as they make decisions . : 
about desirable rneans of implementing and 
assessing instruction. I t  is popular today to 
speak of paradigm shifts, and certainly major 
conceptual changes do occur in virtually all 
fields of study. Paradigm shifts bring new per- 
spectives, new conceptualizations and  new 
ways of tbjnking about a topic, large or small. 
A n  import&t area of study in the philosophy 
of science is what is referred to as scientific 
revolutions. TWO examples from the natural 
sciences arc the dramatic scientific revolution 

? ushered in by Copernicusp conception of the 
relationship between the sun and earth, and 

4' the  revolutionary propositions of Darwin's 

\\" (though less universally accepted, even today) 
theory of evolution. 

When a novel conception is introduced it al- 
ways elicits great resistance. Even as a trans- 
formation-in general thinking and attitudes 
develops more support and adherents, there will 
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dain,  anger a116 rejec!ior,. 9u t ,  of coiirse, with progressive educators, to Piaget and Vygotsky i l  

time, the established physical order of the uni- and to Jerome Bruner and discovery learning), r 
, 

verse did become accepted and the earlier views constructivisl perspectives on learning have ' c 
came to be seen as the quaint notions of an become increasingly influential i n  the past ( 
earlier uninformed era. Ultimately most if not twenty years and  can be said to represent a , t 
all the ideas of the older paradigm will be dis- paradigm shift in the epistemology of know]- i 
carded; and this is as it should be when the edge and theory of learning. Fundamental con- . a 

I 

occurs. People take flight From the earlier, now based approaches to reading and process ap- t 
prosaic and apparently inadequate ways of proaches to writing both share constructivist t 
viewing the world with a lens that is no  longer roots (McCarthy. 1990); and perusal of current ( 

capableofclearlycaptu~ing"tru~.'. ':Anew.fiesh school  textbooks reveals  the  in f luence  o f  t 
conceptual rendering of a topic. phenomenon constructivist views of learning (Thompson, ( 

or means of investigation is promoted. A new McLaughlin, & Smith, 1995). Without question. 1 
theory is offered to supplant an older theory t h e r e  a re  w idesp read  i nd i ca to r s  that  F 
(Kuhn, 1970). constructivist views of learning have captured , 5 

the current zeitgeist in today's educational arena. Conceptual change in the social sciences dif- 1 
fers somewhat from that in the natural sciences The  term co~;tructivism most probably is de- , , 
(Thagard. 1992) in large part because the so- rived from Piaget's reference to his views as 
cia1 sciences do not yet have a coherent u n i b -  "constructi~:ist" (Gruber 8( Voneche, 1977), as 
ing theory. Thus  major conceptual  change well as horn Bruner's description of discovery I 1 
within a field may better typify significant shifts learning as ~'constuctionist" (1966). Other terms t 

/ in the disciplines of the social sciences and are also used to refer to constructivist views of , 
education. Nonetheless, the adoption of differ- l e a rn ing .  i nc lud ing :  genera t ive  l e a rn ing  : 
ent theoretical models and application of dif- (ivittrock, 1985; situated learning and authentic 
ferent assumptions about the nature of human instruction (Brown, Collins, & Duguid, 1989). I 

learning has resulted in raging conkoversies and postmodern curricula [Hlynka, 1991); and edu- L 

paradigm shifts within psychology this century cational semiotic (Cunningham, 1992). Even I t ,* 
(the ascendancy of and subsequent decline o f  though constructivists cannot be adequately I 

behaviorism; the rise of cognitivism) and i n  represented by a single voice or a n  entirely I 

substantial reconceptualizations o f  philosophy universal point of view, there is a conception I 

and pedagogy in education. of learner and learning that is unmistakable in , 
its central tenets and in its divergence from an 
objectivist tradition of learning theory based on ' I 

either behaviorism (associationistic models of 
learning] or cognitivism (the cognitive science I . 
of information processing representations of 

I 
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Constructivism in T l~eory  a n d  Practice 

,,[tile learner, and then to become internalized 
,, it is  transferred From its external reality to 
an internal reality of the learner tha: c o ~ c s p o n d s  
djreclly with outside phengmenos. UcL'; 'Jchav- 
ioral and cognitive information-processing h e o -  
Ties subscr ibe  to th is  pe r spec t i~ re  frorn the  

t r a d i t i o n  (Dr i sco l l ,  1 9 9 4 ) .  
Cohstruc!i\,ism proposes that learner concep-  
tions of kno~vledge are de r i~ .ed  £ram a mean- 
ing-making search in which learners engage in 
a process of rqnstructing individud interpre- 
tations of their experiences. The constructions 
that result from the examination, questioning 
and analysis of tasks and  experiences yields 
knowledge whose correspondence to external 
reality may have little verisimilitude. However, 
to the degree h a t  most of  otrr learning is fil- 
tered through a process of social negotiation or 
distributed cognition (Bro\vn. A. L., Ash,  D., 
Rutherfored, hi.. Nakagawh. I;.. Gordon,  and 
Campione,  j. c., 1995): Brown & Campione,  
1994;  1993; Salomon,  1993; Conhey,  19901, 
generally shared meanings. tend t o  be con-  
s t ructed.  E1.m Iron Glaserfeld (1990)  P. 8 7 ,  
widely recognized as a radical cons t ruc t i~~ i s t  
has commented that, "No indi\ridual can aflord 
not to establish a relative fit \\-ith the consen- 
sual domain of the social en\-ironment." 

Dut ho\r d o  these vie\vs alter teachers' concep- 
tions of the  teaching-learning process? Horv is 
constructir.ism translated into ~ r a c t i c e  and \$,hat 
should teachers and prospective teachers know 
about the  theory and its educational implica- 
tions? In this paper 1x.e \ \ . i l l  examine the  criti- 
cal aspects of the constructivist perspectives 
on learning and instruction and identify those 
essential understandings for preservice teach- 
ers  to acquire. \'Ve begin with a brief exposi- 
tion of the fundamental concepts and principles 
of constructivism, followed by a portrait of a 
very ineffective hypothetical m i d d l e  grades  
classroom in which a poorly executed lesson 
will senle  as a foil for critiquing instruction from 
a cons~ructivist  perspective. To further exem- 
plify the  instructional aspects of constructivism, 
a detalled example of instruction illustrating 
construct ivis t  pedagogy will  b e  p resen ted .  
Myths that have developed concerning tenets 
o f  constructivisrn a n d  pedagogical practices 
derived frorrl this perspective will be illumi- 
nated arid challenged and detailed analysis will 

be devoted to curtain key instructional issues 
about  nrhich any niodel of inswuction must  
address.  Tlie paper will conclude wi th  a syn-  
:!iesi~ and evaluation of c o n s ~ u r t i v i s t  inspired 
1nslructiona1 practices. 

T h e  Constructivist View of Human Learning 
Constructivism is an epistemological view of 
knolvledge acquisit ion e ~ n p h a s i z i n g  kno~%- l -  
edge construction ralher than knowledge & a m -  
m i s s i o n  a n d  the  r ecord ing  of in fo rmat ion  
conveyed by ot l~ers .  T h e  role of the learner is 
conceived as  one of building and bansforming 
knowledge. But what does it mean to construct 
knowledge? Within constructivism there are  
different notions of the  nature of knowledge 
a n d  t h e  knowledge  c o n s t r u c t i o n  process .  
h loshman  (1982) has identified three types of 
cons t ruc t i \~ i sm:  exogeneous construct ivism,  
e n d o g e n o u s  constructii . ism a n d  dialectical 
construcl i~ . ism.  

In exogenous constructi\,ism, as  with the phi- 
losophy of realism, there is an  external reality 
that is reconstructed as  knowledge is formed. 
T h u s  one's nlcrltal structures de\felop to reflect 
t h e  organization of the %.:,.orld. T h e  information 
processing conceptualizations of cognitive psy- 

r.oristructi\~ism, call .ng attention to ho\v w e  
c:hologjr ernphasizc tbs rcpresentation vie\\, of 

construct and elaborate schemata and net\vorks 
of information based on the  external realities 
of the  environments \\.e experience. 

E n d o g e n o u s  cons t ruc t iv i s rn  o r  c o g n i t i v e  
constructivism (Cobb, 1994; Moshman, 1982)  
focuses on internal, individual constructions 
of knowledge. This  perspective, which i s  de -  
rived horn Piagetiarl theory (Piaget 1977.1970),  

% . .  emphasizes inihvldual knowledg 
s t imula ted  by internal  cogniti  
learners strive to resolve mental disequilibrium. 
Essentially, children as  well as  
must  negotiate the meaning o f  e 
phenomena that are  discrepan 
isting schema. Students may b 
their own  knowledge, advancing their cogni- 
t ive  structures by revising a n d  creating n e w  
unders tandings  out-.of existing ones. T h i s  is 
accomplished through individual or socially 
mediated discovery-orien~ed le 

D i a l e c t i c a l  c o n s t r u c t i v i s m  or  s o c i a l  
C - 
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constructi\ism (Brown. Collins. & Duguid, 1989; 
Rogoff, 1990) views the origin of I;now!edge 
construction as being the soc:iai irl!crs~c!ian ~f 
people. interac!icns !ha: involve sharing, com- 
paring and debating among learrlers arid men- 
tors. Through a highly interactive process, the 
social milieu of learning is accorded center stage 
and learners both refine their own meanings 
and help others find meaning. In this way 
knowledge is mutually built. This view is a 
direct iz?,eciion of Vygotsky's (1978) snc ioc~~ l -  
tural theory of learning, which accentuates the 
supportive guidance of mentors as they enable 
the apprentice learner to achieve successively 
more complex skill, understanding, and ulti- 
mately independent competence. 

The fundamental nature of social c~nstruct i \ ism 
is collaborative social interact ioGn contrast 
to i nd iv idua l  inves t iga t ion  of Cognitive 
ccnstructivisrn. ThrouXh the cognitivegive and 
take of social interartions. one constructs per- 
sonal knowledge. In addition, the context in 
Ivhich learning occurs is inseparable from 
emergent thought. This latter vie~v h o i v n  as 
contextualism in psychology becomes a cen- 
kal 1ene.t of  constructivsm {vhen expressed as 
situated cognition. Social constructivism cap- 
lures the most general extant perspective on 
constructivism with its emphasis on the impor- 
tance of social exchanges for cogniti1.e groivth 
and the impact of culture and historical con- 
text on learning. 

"1Vhile there are several interpretations of r j  hat 
[con~lruct i \~is t]  theory means, most agree that 
it involves a dramatic change in the focus of 
teaching, putting the students' own efforts to 
understand at the center of the educational 
enterprise" [Prawat. 1992). Thus despite the 
differences sketched above, there is important 
congruence among most constructivists with 
regard to four central characteristics believed 
to influence all learning: 1 )  learners construct 
their own learning; 2) the dependence of new 
learning on students' existing understanding; 
3) the critical role of social interaction and; 4) 
the  necessity of authentic learning tasks for 
meaningfu l  l ea rn ing  (Bruning ,  Royce ,  & 
Dennison, 1995; Pressley, Harris, & Marks, 
1992). 

For the learner to construct meaning. he  must 
3 8 

act~vely skive to make sense of new experiences 
and in so doing must relate it to what is alread,, 
knoicn or believed about a topic. Students d& 
velcp howledge  through an active construe. 
tion process. not through the passive reception 
of information (Brophy, 1992). In other words, 
learners must build their own understanding. 
13ow information is presented and ho\v l e a n -  
ers are supported in the process of construct- 
ing knowledge are of major significance. The 
preexisting knowledge that learners bring to 
each learning task is emphasized too. Students' 
current understandings provide the immediate 
context for interpreting any  new learning. Re- 
gardless of the nature or sophistication of  a 
learner's existing schema, each person's exist- 
ing kno~vledge structure will have a powerful 
influence on what is learned and whether and 
how conceptual change occurs. 

Dialogue is the catalyst for knowledge acqui- 
sition. Understanding is facilitated by exchanges 
that occur through social interaction, through 
questioning aud explaining, challenging and 
orrering timely support and feedback. The con- 
cept of learning i ~ m m u n i t i e s  has been offered 
as the ideal learriing culture for group instruc- 
tion (Brottn, I?';?; Brown and Campione, 1994). 
These commrnities focus on  helping group 
members learn, by support ing one  another  
through respectful listening and encouragei~lent. 
The goal is to engender a spirit and culture of  
openness, exploration and a shared commitment 
to learning. 

Situated cognition or learning is a concept 
advocated in social constructivist approaches 
and is-anatural extension of the importance 
attached to the context, social and cultural, in 
which learning is believed to be born. Knowl- 
edge is conceived as  being embedded in and 
connected to the situation where the learning 
occurs. As a consequence, thinking and kno\t71- 
edge that is constructed are inextricably tied 
to the immediate social and physical context 
of the learning experience. And what is learned 
tends to be con~ext-bound or tied to the situa- 
tion in which it is learned (Lave & Wengel 
(1991). Evidence for the situational nature of 
learning can be seen ln  numerous cases where 
students'school learning fails to transfer readily 
relevant tasks outside of school. Brown, Collins, 
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1)uguid (1989) chronicle  h o ~ v  people can can say that a cognitive apprenticeship relatioll- 
rather sophisticated matliematical op-  ship exists between teachers and s tudents  to 

<!rations in one setting and 4 . ~ 1  11~ q u i ! ~  unable the extent that teachers provide scaffolding o r  
apply those same operatioils in ailu&iei set- mediate learning for students. At the  same time 

ling. h a t  stucients are given complex, a u h e n t i c  t a s k  1 i " 
such  as  projects, s imulat ions  a n d  p rob lems  

lust ]low teacherr- a n d  peers support and con- involving community issues, they are also given 
tribute to learning is clarified by tile concepts sufficient assistance to  achieve the  desired 
urscaffolding, cognitive apprenticeship, tutoring outcomes. 
alld cooperative learning and learning commu- 
nities (Brown, 1994; Rogoff, 1998). Cognition An important aspect of teacher guidance relates 

is vjerl.e a collaborative process and  mod- to the constructivist notion ofgenerative learn- . 
cm cons~ructivist thought provides the theo- in:. Since cons~uct ivis ts  believe that Ole learner 
retical basis for cooperative learning, project must  transform or  appropria te  w h a t e v e r  is 
0; based learning and other discovery learned, one can say that all learning is discov- 
oriented instructional appruaches, all of\vhich ered. To appropriate new understandings born I 

appeal to the po\verful social nature of learn- one's social environment  a n d  to  become a n  
ing. As students are exposed to their peers '  efficient maker of meaning requires the adop-  , 

11,inkirlg processes, appropriation:of others '  tion of specifir: intellectual skills,  ones  that  
ideas and ways of thinhirig is possible. There-  should be modeled from more competent adults 
fi~re. constructivists make extensive u je  o f  co- and peers. Thus  generative learnins strategies 
operative learning task,, as \\,ell as peer tutoring, (learning-to-learn) may be explicitly taught to 
Itelieving that students xvill learn more readily students or may be discovered by s tudents  as  
[rom having dialog isith each other about sig- they are  trying to find strategies for solving 
~iificnnt problems. p r o b l e m s  For example,  s tuden t s  have  been 

guided to generate their own ques t ions  a n d  
r\ second key concept derix-es from Vl-gotsky' 

summaries and aralogies during reading (King, 
s concept of zone of p r o x i r ~ ~ a l  development  

I Y S Z ~ :  Kourilsk\- & Wittrock, 1992; \j 'ittrock, 
[Kozulin, 198G). IVhen children \<.ark o n  tasks 
Ihat cannot be accomplished alone but can be 
succcssFully cornpleted with the  assistance of 
a pprson competent in tile task. they a re  said 
to be working within their zone of proximal 

skills, including question generation, predic- 
development. Children working in cooperative 

tion and  summary are  taught through teacher 
groups will generally ~ n c o u n t e r  a peer \vhu 

niodcling, follon.ed by student enactment of the  
possesses a slightly Iiigher cognitive l e~ .e l ,  o n e  same metacognitive b?harriors. T h e  goal is to . 
\:.i\hin the child's zone of proximal develop- 
ment. 

tionally conbonted w i t h  complex tasks that can ; 

fcssion. A substantial aspect of  the learning is 
the socialization into the norms and  behavior 

the profession. The  experience of teachers 
the task of wrii'ing a letter to the  coun ty  com- 
missioners,  they must  begin t o  d e v e l o p  the  
necessary grammar, spelling, a n d  punctuat ion 
skills. So, students learn what they need to know 
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t in order to figure out how lo accomplish au- .4 Brief Look at a Typical Classroom Lesson 
I cnrefu 
I thentic but, difficult tasks at ihe upper range There are tlventy-five students in Ms. BlakeVs ' ,,lete 
1 of their zone of prcxima! dei-eluprr?ez!. niiiih grade science class, comprised of a bet- \\.ith a 

erogeneous mix of students who vary \videly i n  , the I The more traditional approach to instruction, 
i their knowledge, intellectual abilities, compe- 

a bottom-up strategy, involves isolating the basic out iv 
tence for independent learning and basic sb;ills 

skills, teaching these separately and building one 01 
of ivriting, reading, arithmetic spelling. The ' fied t: 

these incrementally before tackling higher or- 
students are seated in neat rows in front of  the 

I der tasks. This is an essentially objectivist and \\.irin[ 
blackboard and the teacher conducts the lesson , to con i behavioral approach to instruction, although 
while standing at the front of the classroom. 

cognitive inl'ormation processing vie\vs often the ci' 
! After most whole class lessons, students either 

l e ad  t o  s imi la r  ins t ruc t iona l  p rac t ices .  tions 1 

have short quizzes or individual worksheet as- ' utility 
C o n s ~ c ~ i y i $ s  turn thiq~ highly sequential ap- 

I signments to firm up  and  assess what  they 
p r o a c h  on its head, Instead of carefully struc- onstr: 

I 
1 I 

were expected to learn kom the lesson(s). . lvirint 
turing the elements of topics to be learned, 

rernov 
I learning proceeds from the natural need to The classroom environment seems pleasant, for 

develop understanding and skills required for the room is clean and orderly wi th  science this p4 
I draw 

completion of significant tasks. Learni'ng occurs posters prominently displayed. leaving no doubt 1 1 in a manner analogous to just in \ip-$.manu- that scieace is taught here. During class the in the 
I facturing. where raw materials are receix~ed just students are not badly behaved, even though I F o l l o ~  

prior to their use rather than held in expensive disruptions are certainly not uncommon. The placec 

! inventories. As Fosnot (1996) puts it. less competent students often fail to pay atten- , batter; 

I ~~Cons t ruc t i~~ism is fundamentally nonporitivist 
and as such it stands on completely new ground 
-often in direct opposition to both beha1,iorism 
and maturationism. Rather than behaviors or 
skills as the goal of insbuction, concept . - de\.el.- 
opmen! and hcep underst.mding are the foci; 

I 
i I ratheFthan stages being the result of matura- 
! i tion, they are understood as constructions of 

i active learner reorganization." (p. 10). i 
\Ire have outlined the major concepts and theo- 
ries that comprise the foundational elements 
of constructivism. The  picture that we have 
sketched provides a representative, though 
necessarily incomplete vie\\? ofthe cenbal fea- 
tures of constructivist theory. Naturally, the 
reader is invited to explore further the substan- 
tial psychological and philosophical underpin- 
nings of 6onstructivism. Now we turn our  
attention to the instructional dimensions and 
classroom ecology of teaching imbued with 
constructivist_edu~at~onaiphi~~sop~. To ac- 
complish this, we will present a classroom 
scenario that will serve as a foil to compare and 
contrast significant aspects of constructivist 
approaches to teaching with more traditional 
approaches. In this way we hope to highlight 
the typical thought processes and likely prac- 
tices of t~e,constructivist educator and  to il- 
lustrate how;pedagogy is linked to theory. 
4 0  

tion during lessons; daydreaming and talking 
can be obsened and occasionally distracting 
or even pestering otbi:r students during lessons. 
>,Is. Blake uses v a r i ~ u s  strategies to alter these 
unlxoductive anrl often-disruptive s tudent  
behaviors, and she regularly asks for them to 
be quiet and to "listen up." 

In her interactions with her students, she is more 
likely to notice, to call on,  and to praise the 
students who most frequently give "good an- 
s\vers." She giws easier and shorter assi,ments 
to students \\rho are less likely to get it and pays 
even less attention to the details of their efforts. 
Results ofstadardized achievement test scores 
reveal that th; less successful students are not 
making good progress in the mastery of basic 
content of the science curriculum, and there 
is corroborating evidence to indicate that they 
are falling huther behind their classmates in 
other areas as well. 

The  following lesson illustrates how instruction 
typically occurs in Ms. Blake's class. The objec- 
tive for this lesson is to. understand the differ- 
ence between a parallel and a series circuit, a 
common 9th grade physicalscience objective that 
is useful to master before high school physics- 

Ms. Blake drew a complete circuit on the over- 
head projector and  told the students to listen 
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careru~]S, as she described the features of a com- As ~\.ith any social system, communication in 
On a I , l e t e  circuit. Her example compared a series Ms. Blake's classroom isnot lirnited to oral and kc's 
he[- ,,.ith a parallel circuit. hls. Blake 3aced h e  paei ri-ri!ten !anpuape as its only system of convey- 

y in , o r  the electrons in bolh dr3i-.-i:!gs ar:d pcinied ing meanirig. Objects, gestures, images and ar- 
lpe- o u t  n'hat ~\.ould happen in the series circuit i f  c h i t e c t u r e  also contr ibute  important ly to  
;ills of the bulbs were to burn out. She identi- learners' constructionofmear~ing in Ms. Blake's 
T'he ' lied the major differences between the t\vo classroom. The desk arrangement, for example, 
the ,,.iringschernes..Then she asked a few students transmits the message that the most importarit 

.son , l o  come to the overhead and mark the point on activities are those of the teacher and they oc- 
om. t h e  circuit where resistance and key connec- cur at the front desk. It also informs students 
:her lions \,.el-e ,;icessary.To conlre;r the predictive of the expectations that students attend exclu- 
as- ' lltility o f  parallel and series circuits, she dem- s i ~ f e l y  to  ~ v h a t  h e  teacher says and does, stay 

hey onstrated hour one could determine which  in their in seats, work by themselves and avoid 

: ,;.iring system was used in their classroom by talking to one another. 
removing one of the florescent light bulbs. At .for From a constructivist perspective, this physi- 
ttiis point in  the lesson, students were to!d to 

cal a n d  social environment is less conducive rice 
drar\, and label a parallel and a series circuit 

l U t t  in their notebooks. 
to learning because i t  discourages students horn 

the interacting \\,ith one another. Students' think- 
ugh * Fc.l!otving the demonstration, students"~\-ere ing is narro\ved to ivhat h e  teacher asks and  
rhe  pla1:ed into groups where they were given \\ires, \$.hat s h e  considers to be a correct response. 
:en- , batteries and bulbs and instructed to build a Instead of being encouraged to ask questions. 
. ing series and a pa-allel circuit just like the one the role of the student is to answer questions. 

s l ~ o ~ v n  on the overhead. They \\.ere instructed This leads students who are not confident that 
Ins. * ton-ork together andrecord their results on their they Lao\\, the right answers to minimize their 
rese worksheet. h4s. Blake sur\.e!.ed the room as the participation in class I t  also requires students 
ent , students began lo \cork. In each of the groups, to comply \;,itti the :-ocial rules that are set by 
I to uric or tix.0 students actuall!~connected the r~rires the teacher ( b e  aut:iority), ratl~er than act i \ .e l~,  

\\,bile the other three members of the group participate in establishing social rules and hold 

1urc 
' either occasionally looked on or chatted amongst themselves accou~itable for keeping them. 

th~rnse11.e~. Students i~.orked on the task for 1 5  t h e  
minutes and then as h e  period came to a close 

The  s ~ c o n d  issue relates to the roles that st11- 
an-  t dents and Ms. Blake play during her instruc- 
:nis they were given a home\vork assignment that 

tion. While Ms. Blake is very busy putting up 
ays required hen1 to idsntihr series and parallel cir- 

1 cuits froin several examples. circuits on the overhead projector. describing 
~rts. the features of parallel and series circuits, and  
)res demonstratir~g. \vith examples how to cornmu- ! 

not A n a l ~ ~ s i s  of hls. Blake's Class from a nicate and-.predict what would happen if o n e  
 sic Co~lstructivist Perspective of  the bulbsburned out, the students are pas- 
]ere From a constructivist perspective, there are sively listening-ifwe assume they are in fact 
hey ' four aspects of this lesson that are deficient. listening. During her presentation, Ms. Blake 
i in The first problem concerns the arrangement of has no way of knowing what students as a group 

8 the physical and social environment of the  know about the subject matter, what percep- g 
i o n  classroom. The physical and social environ- tions or misconceptions they bring to the task. 

merit of Ms. Blake's classroom communicates or how well h e y  understand the information . 

Jer- ' the sole source of  information. 
.ten 

I 

.I I 
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tion to students' level of understanding Con- sc.5~ students'  learning outcomes adequately, 
sequently. as the case suggests. while h4s Blake his. Classroom: A Constructivist 

I 
t (  

is very active in thinkiog eqd prcviding infor- I'crsion B 
mation, students arc ci lea~ed in a pass11.e iearn- I a 
rng and think in^ role. Teacher Roles. Student Roles, a n d  Interactions 13 - - 

It must be acknowledged that Ms. Blake makes 
a n  attempt, however modest,  to enable her  
pupils to engage in peer oriented learning when 
she asks students to ~vork in groups to construct 
a series and a parallel circuit. In this instance 
the students are not challenged to construct 
meaning but rather to replicate with real ob- 
jects the circuits she had drawn on  the over- 
head. It is desirable to challenge students with 
tasks that they must complete through rnean- 
ingful dialogue with peers as they strive to 
socially construct meaning. Unfartunately. Ms. 
Blake has neither - -~-~ determined what mis.conce~- 
tions about wiring the st."d~ents hold, nor pre: 
pared the students for g r o u p - k a r n i n ~ n ~ r  
~ d i q u a - t e l ~  structured the task She also does 
not closely monitor student behavior or inter- 
act with her students as they xvork. iZs a con- 
sequence .  th i s  l esson  i nc ludes  on ly  a 
perhnctory group task rather than a skillfully 
implemented cooperative learning task. 

Ms. Blake's ninth grade classroom can be  dis. 
tinguished from other classrooms both in l o o h  
and sounds. Upon walking down the corridors 
we hear From the classroom at the end  of the 
hallway an  array of voices and sounds  like , 

buzzing, chattering, an occasional "I got i t "  and 
sometimes expressions of frustration. Upon 
entering the classroom, we  see clusters of stu- 
dents working with various objects. Ln fact, if 
it Lvere not for the age of  Ms. Blake, it would 
be hard to identify who the teacher is in this 
classroom. Ms. Blake is talking with orie of the 
groups near the door\ral  and says, "\Vhy did 
you select that arrangement and place the bulb 
there? Will it work if attached in another \tray? 
Talk about it in your group and I ~v i l l  get back 
to you shoitly." She then moves to the  next 
group, sits down xvith them and  \catches as 
students continue working ~ v i t h  batteries arid 
bulbs in the certer of their cluster. They don't  
seem to notict: hls. Blake and keep on talking 
\,.it11 each othcr. She is srnilino as she  obser~res - 

The last concern invol\.es the 1 t - a ~  hls. Blake them. t 
treats the sciencecontent. ~ l t h o u i h  Ms. Blake 
~rovidesan  explanation ofa parallel and a series 
circuit (by placing them on the overhead pro- 
jector and describing the essential differences) 
and uses examples to dunonstrare how to make 
predictions from both circuits. \vhat are her 
students learning? For many studentsit is likely 
that they have learned to recall only the pro- 
cedures for drawing the circuits - a learning 
achieved as they draw their own circuits on the 
worksheet and complete their homework as- 
signment. \Vhether or not students have come 
to understand the concept of parallel and se- 
ries circuits and are able to use it to solve their 
daily and real world problems is unclear. Ln fact, 
even though thestudents have practiced remem- 
bering the procedures and can use the words 
parallel and series. it is unlikely they will be 

I f  \ce enter this classroom with our  traditional 
preconceived notions that classrooms of learn- 
ing should be ordered, systematic and quiet,  
we will miss the dynamic learning that is  oc- 
curring in this and other classrooms that are 
5tructured for cooperative learning and  front 
a constructivist philosophy. Ln fact, we may even 
make-the egregious error of thinking that Ms. 
Blake has lost control of her class and  her stu- 
dents. We may notice several students h s t r a t e d  
aFter their initial atterripts resulted in bulbs that 
did not light. Furthermore, we  can't seem to 
find her desk; it appears to be in the  back of  
the room. although it is hard to tell which  is 
the back and which is the front of this  class- 
room. Everything seems to be centered around 
the students. 

< - 
able to apply the concepts and rules in prob- Using the principles of cooperative learning and 
lem situations. Thus the necessary and  suffi- constructivist learning theory, Ms. Blake has  
cient conditions for acquiring the concept, rule carefully built a learning community in which  
and problem sol\.ing learning are not present inquiry and problem solving, along with care- 
in this lesson. and Ms. Blake has failed to as- h] attention to the ways of teacher-student and 
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z,udent-student interaction, are subtly arranged 
,, promote deep and enduring learning. hlc. 
~ l ~ k ~  approaches teaching 2r.Z !oarni:?g from 
a constructjvist p ~ r ~ e c r i ~ e  aad bel!pvec: rhzt 
,,.,~),~th children and adults) construct our ow- 
,,,,derstandings of the world. Therefore, the 
icarning process must challenge us to reflect 
,,pan our interactions \~, i th objects and ideas 
and make sense of our world by synthesizing 
ne\v experiences into what we already h o \ v  
or llndcrstand (Brooks Rr Brooks, 1993). Further- 
more. hls. Blake kno~vs how important it is to 
challenge and empower students to "ask their 
oil-n questions and seek he i r  0v.n ansGers ... 
lo understand the world's complexities" (Brooks 
g. Brooks, 1993, p. 5). Additionally, Ms. Blake 
realizes that to empower students to inquire and 
explore their worlds they must interact with 
vlle anoOier as a cornmunit). of learl%s and they 
must be able to do so frequently andeasily. hls. 
Blzke also understands that for learning to oc- 
cur students must struggle to ~~nde r s t and  their 
cr~vironment and that for true gro~vth to occur 
s~utlents must learn to endure a period ofrnental 
discomfort or cogniti\.e dissonance. Thus, she 
must design the ph!rsical and social structure 
of hur classroom to enable students to \vork 
!ogelher cooperati\:ely. ernbrcicc? ~~ncertainty and 
learn to enjoy the strug5le to i n k e  sense of their 
cnvironrnent. 

ing and goal structure is supported by research 
that consistently reports h e  benefits of coop- 
erative goal structures (higher achievement 
and performance for a variety of educational 
objectives, efficierit use of resources, and en- 
hanced student self-esteem (Johnson, Johnson, 
& Smith, 1991; Johnson Rr Johnson, 1994). It is 
also entirely consistent with a constr~lctivist 
emphasis on Lhe social nature of learning *and 
the essential role of dialogue in learning. 

Ms. Blake's classroom projects and assignments 
require that they work interdependently so  hat 
they produce one outcome (a paper, a completed 
project, one set of answers, etc.]. Furthermore, 
she knows that the success of  the groups de- 
pends on the sum of each individuals contri- 
butions, g o u p  social skills and dependability. 
Thus she provides d i r ~ t  ins~uctio.n in inter- 
personal and small-group skills so  students 
understand that they are to pronlote produc- 
tiise \\.orking relationships (valuing and receiv- 
ing input fro111 all members) as they couperate 
to complete a task. Students also understand 
that the groups are to ~vork cooperatively, and 
i f  one group finizhes their project befure other 
groups, that th1.y are to help other  groups 
i ohnson ,  johr,:on, Hollubec, 6: Roy (1984). 
Finall!., studer~:; understand that they are each 
accountalile t- other members in their g o u p  
a 5  \re[] as to each of their classmates and that 

! quiet, Establislling a Cooperative Learning their dependability as a group member and 
: t i soc -  Classroom Environment contributions to their group project ~ v i l l  be 
hat are Ms. Blake \ d u e s  lfie use of cooperative learn- assessed and evaluated. Ms.  lake creates the 

,.I d from c ing tasks and understands the iniportance of en~,ironment that Brooks and Brooks (1993) 
( ' 8  ay even creating a supportive physical and social class- delineate as essential for ~~~~~~~~~~~~ist class- 

bat hls. room environment that i ~ i l l  promote inquiry rooms: 
xer I and problem solving among students .  She  
>strated wants students to make sense of their worlds 

whichstudents spendso much Ibs that . and riew information, and she knows students 
.eem to is orgariized so that student-to-student need to take risks in trying out new ideas a r ~ d  

interaction is encouraged, cooperation is back of in explaining why somelhing works or doesn't 
-hich is ' valued, assignments a n d  materials are 

work. She understands that students accus- 
interdisciplinary, and students. heedom s class- lamed lo being lold answers and how to pro- 
to  chase their o14m ideas is abundant, stu- 

around , may experience frustration as they are 
dents  are more likely to take risks and  

'0 dig deeper and cull5truct their elm assignments  \,,ith a willingness rules and explanations. She also recognizes ing and to accept challenges to their current un- ' that students benefit Bom being able to "think derstandings Sllch teacher role models ike has 
I which together as h e y  struggle to understand and emlrom,,enlal conditions honor stu- 
:h care- , , and solve problems. Therefore, she organizes 

dents as emerging thinkers (p. 10). 
ent and .+- her lessorl for small group, face-to -face coop- 

erative learning. This choice for student group- Ms. Blake focuses on establishing a physical 
I 
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and social environment in which her t u d e n t s  
can become "emerging thinkers.'' !d!tally, in 
such a learning environment, her srudents v.,ill 
itrant to take risks, explore new ideas and be- 
come deeply engaged in the process of inquiry 
and problem solving. To support her students' 
cognitive quest, she ~ t ~ i l l  need to focus consid- 
erable attention on understanding her students' 
constructions of what they encounter. For it is 
only through careful observation, listening and 
subtle questioning that Ms. Blake can under- 
staiid their constructions (how they view the 
objects and ideas they encounter), and then 
determine how best to subtly intervene in the 
learning process. Excellent teaching has been 
described as having "transformative power" 
(Sprague, 1993), for teaching not only enlight- 
ens but also can empower students to learn. 
Sprague captures the dynamic of-inductively 
oriented, interactive teaching by saying it "... 

rvorks xvhen students are fully engaged in the 
actii-ities of the class ... when students persist 
and take r i s k  ... !\.hen students become engaged 
rtvith each other ... and become deeply engaged 
in the subject matter" (pp. 252-254). 

Creating the Conditions to Guide Students' 
Learning: The Constructivist Lesson and  Its 
Rationale 
Some time after Ms. Blake is confident her s tu-  
dents are acclimated to xtrorking effectively in 
cooperative learning groups, she  decides to 
introduce them to the difference between a 
parallel and series circuit. Knowing that she  
]nust approach this lesson by "posing problems 
of emerging relevance to students" and  by" 
structuring learning around primary concepts" 
(p. 35 and p. 46, Brooks 8r Brooks, 1993). Ms. 
Blake contemplates ways she can introduce the 
concept and need for understanding types of 
circuits to her students. She  knows that s tu-  
dents must have ample experience manipulat- 
ing simple circuits before they can move on to 
the more complex parallel and series circuits. 
She  decides to challenge her  students to con- 
struct a simple circuit to discover the value of 
communicating and predicting what will and  
~t.il l  not work so they will have a foundation 
for understanding the more complex parallel 
a n d  series circuits. T h u s ,  s tudents  wil l  b e  
asked to struggle with the concept of the flow 
of electricity and through trial and  error, de- 
4 4 

yelop an understandii~g of the difference be- 
tiveen parallel and series circuits.  It is also 
abundantly evident that bls. Blake has a de- 
tailed conception of her desired learning out- 
comes for her s tudents  a n d  has  prepared a 
carefully planned set of experiences to guide 
students to accomplish her goals. 

Ms. Blake decides to begin the lesson by hav- 
ing students first complete a simple circuit using 
a battery, bulb and wire. As the students arrive 
for class and  assembie in their groups, they 
discover the materials they need in a box for 
each group of two students. Ms. Blake knows 
that before students can move o n  to more com- 
plex circuits, they must first understand and 
be able to construct a simple circuit consist- 
ing of a battery, bulb and wire. She knows that 
many of her students do not understand that 
electricity must flow from the battery through 
the light bulb and back to the battery to make 
a complete circuit. S h e  challenges them by 
asking, "Can you find a way to light the bulb 
using only one piece of wire and  a battery?" 
\]lorking in theii groups, s tudents  eagerly at- 
tack the task. P xer an initial attempt to hook 
u p  the battery dnd bulb the s tudents  may re- 
port that they ;iced t ~ v o  ~ui res  to complete the 
circuit. hls. Biake assures them that it is pos- 
sible to make the bulb light using only one \\,ire 
and a battery. \Vhen hls.  Blake obser1.e~ a group 
successfully lighting the bulb, she  asks them 
to draw a picture of the circuit they have con- 
structed and then to explain ~ v h a t  they did and 
\vhy they think i t  worked. She then challenges 
the group to see if they can find another way 
to make the light bulb light using only the  
materials they have. At this  time it may be  
important to encourage the students by telling 
that there are as  many as  5 or 6 configurations 
that will rvork. Each time a group successh l ly  
completes another configuration she challenges 
them with, "Can you find another way to make 
the bulb light?" Before moving o n  the  more 
complex circuits. Ms. Blake may use  whole  
group instruction to check for understanding 
by asking the entire class to respond to over- 
head drawings of circuits a n d  predict which 
will light a n d  which  will not. When  there is 
disagreement about a given circuit she  simply 
advises  the class to construct the  circui t  in  
question to see if it works. 
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After eacl~ group has successfully demonstrated 
its to construct a simple circuit, Ms. Blake 

students 141th ever incr~asl5g degrees 
"f difficulty such as making iico or three bulbs 
11~ht. ~ a c h  p u p  is challenged to generate rules 
Tor the circuits. Then she asks thein to compare 
alld contrast their various circuits and to-dis- 
cuss the advantages and disad1,antages of each. 
She further challenges students to consider the 
aspects of the larger world by asking. "What 
circuit \vouiG n-ork best lor a flashlight, a Christ- 
mas tree, or a readinglamp? Why? Why do you 
tllink the flashlights are designed as they are?" 

Once Ms. Blake is confident students under- 
stand simple circuits she challenges them to 
design a circuit that i r he~ l  one bulb burns out 
the other remains on [a parallel circuit). She  
illustrates the importance of  this t!.pe\of cir- 
cuit by removing one or the light bulbs Iron1 
the ceiling of the classroom as the students note 
that the other light bulbs stay on. This time she 
asks them to draw their proposed circuit first 
;ind then build the circuit to test their design. 
As she moves from group to groups she listens 
!o the kjnds ofquestions students ask each o h e r  
3 5  tllcy s k ~ ~ g g l e  to adapt what h e y  learned about 
sirnple circuits to a new problem. As students 
consider ivhat might work, they reveal their 
"suppositions" about what they understand 
3110ut circuits. hZs. Blake, in turn, carefully 
considers how to adapt her insiruction on elec- 
tricity to address any student misconceptions 
that have been exposed As students compare 
and conbast their results and discuss reasons 
why kno\\.ing about circuits might be useful, 
they ask if they could examine a set of Christ- 
rllab tree llghts to see what type of circuit they 
contain. The successful performance of her 
pupils with parallel and series circuits informs 
hls. Blake that they are ready to tackle even more 
complex circuit designs &at may include buzz- 
ers and s~vitclles. 

Since she is now certain that her students can 
identify and construct a parallel and series cir- 
cuit. Ms. Blake now iniroduces them to elec- 
trical schematics she knolvs will pique their 
interest. These circuits may include the wir- 
ing plan for the school or the schematics for 
video games or audio devices. Next. in coop- 
erative groups she challenges her students to 

Construc\ivisni in Theory and Practice 

prepare a list of the tvays series circuits differ 
from pnral!el circuits. Fro(11 these lists and the 
C ! ~ S S  d i s~ i l~s ior l  that ensues, her studenrs come 
to realize the difference between parallel and 
series circuits. Next, she asks students to pre- 
pare a list of rules to remember when making 
a parallel circuit. Then students discuss the rules 
generated by the groups while Ms. Blake "me- 
diates the environment" (p. 17, Brooks K Brooks, 
1993) and proi.ides any important rules that 
were missed by the groups. Finally, hls. Blake 
asks each group to prepare eilher a complicated 
series or parallel circuit. Students then move 
from table to table to determine which Lype of 
circuit each group has constructed. 

As her students begin their identification task, 
hls. Blake mo\,es from group to group so she 
can listen to discussions, observe s tudents  
working 01: their projects, and irirervene in the 
learning process, as she deems appropriate. 
Furthermore, as she observes, listens and in- 
teracts ~v i th  students, she evaluates their un-  
de r s t and ing ;  th i s  in format ion  abou t  h e r  
s tudents '  present understanding \ \ . i l l  guide 
decisions about future: lessons. 

111 this constructi~isr lesson his. Blake has cre- 
ated a classroorll en.,ironmcnt rich in student- 
t o - s t uden t  inter;iction formed a r o u n d  
challenging proble~n-solving projects relevant 
for her  studenrs. Learning in her classroom 
occurs ivhen students struggle ro make connec- 
t ~ o n s  from ~vh;it they h o i v  in relation to the 
more complex a d  larger world. hls. Blake has 
set in motion a fertile environment in ivhich 
to stimulate her students' gro\~.th as emerging 
thinkers ivho trust and value h e i r  o\cn and each 
others'  auestlons and ansivers. Not u n t ~ l  the 
s tudents  developed an understanding of the 
difference bet~veen the two types of circuits d id  
Ms. Blake identib thesecircuits as parallel and  
series. This constructivist vision of a teaching 
emphasizes that teachers "... look not for what  
students can repeat, but for what they can gen- 
erate, demonstrate, and exhibit" (p. 16, Brooks 
Fi Brooks, 1993). As Kaufman (1996) states, 
"Learning does not occur in a vacuum and is 
best mediated through supportive social net- 
works" (p. 44). 

bly-ths About Constructivism 
?'here are certain ri~isconceptions and myths 

4 5 



The High School Journal-Dec 2000/Jan 2001 

that have evolved concerxing consir~ct i- is t  
instructional p rac t~cer .  They stem i;ririiaii!y 
from misinterpretations of underlying prin- 
ciples of learning posited by constructivism. 
In this sect~on,  misconceptions and myths will 
be ~dentified, analyzed and countered. 

Constructivism posits that learners construct 
their own reality based upon their individual 
perccp\;"iis of prior experiences. Thrx. each 
person's knowledge is a function of his or her 
prior experiences, how they are perceived and 
hen. thcy are organized. Once organized into 
complex mental structures, we use our cogni- 
tive frameworks to interpret objects, ideas, re- 
lationships, or phenomena (Brooks & Brooks, 
1993, Jonassen. 1993: Jonassen. Peck, gr Wil- 
son .  1999). Thus ,  what a person-knows is 
grounded in one's unique perceptiori of his or 
her physical and social experiences; and L1.e use 
our varied mental capabilities to explain, pre- 
dict,  or make inferences about phenomena in 
the real tcorld (Jonasserl. 1991). 

These assumptions about how learners learn 
give rise, in turn, to important practical ques- 
tions about constructi~.ism applied to teaching. 
Specifically, i f  learners must each construct a 
unique reality, one that resides in the mind of 
the learner. then: 
a )  How can teachers create a purposefuUfo- 
cused learning environment? 
1)) How can teachers determine and  ensure a 
cornmon set of learning outcomes for students? 
c)  How can teachers plan a set of instructional 
even t s  or cond i t i ons  when  t he r e  is  s u c h  
unpredictability about what learning nil1 bc 
acquired? 

Erroneous answers to these questions based on 
fundamental misconceptions have resulted in 
at  least  five de t r imen t a l  m y t h s  abou t  
constructivist instruction. Each will be clari- 
fied in  the discussion below. 

Afjd  1: There is  no focus for learning, no  clear 
goal in consmctivist-based instruction. 

Is it possible to create a purposeful learning 
environment under the knowledge construction 
assumptions of constructivist learning? The 
answer is an  unqualified yes. Constructivism 
maintains that learning is purposeful, inten- 
tional and collaborative (Scardamalia & Bereiter, 
4 6 

1994). and that learners will activcly strive to  
aryhieve a cognit ive object ive.  Howeve r .  
constructivism does not prescribe a particular 
set o f  activities and thought processes in which 
the learner must engage in order 10 achieve 
intended learning. Nor does it offer clear guide- 
lines for establishing a particular sequence of 
instruction. By no means docs this imply h a t  
n o  learning outcomes are identified for learn- 
ers as a group or that instruction cannot be 
planned in any systematic way (see Ms. Blake's 
case for a concrete example). Rather, it empha- 
sizes the design of learning environments that 
focus on knowledge construction, instead of re- 
production (Duffy Pr Jonassen. 1993). Sucli en- 
vironments. as Jonassen (1991) puts it, "arenot 
unregulated, anarchic. sink-or-swim, open-dis- 
covery learning cesspools that many fear" (p. 
1 3 6 ) .  As i l lustrated in Ms. Blake's case.  
constructivist learning :nirironments are care- 
fully designed for a knowledge construction 
task. Designing such a constructivist learning 
environment is admiltedly a difficult task be- 
cause there is a certain degree of unpredictability 
of outcome and -omplexity in kno~vledge con- 
struction prow is. 

17fj.ih 2: Constructivist based instruction i not 
~~ou ,oh@~/ Iyp lanned;  careful preparation is 
less irnporfant than in b-aditional instruction. 

From Ms. Blake's example we  learn that to 
design a constructivist learning environment. 
a teacher must first define a learning focus, some 
challenge, case or problem. What constitutes 
a problem is any relatively complex task (for 
the giv&-learner), and ideally, one that is an 
authentic activity (i.e., design and construct a 
parallel and a series circuit). She  also has to 
define a set of instmctional goals and objectives, 
that is, specify what the learner must know to 
meet the t a s k ~ c h a l l e n ~ e  (how to construct a 
simple circuit, how to design and  construct a 
parallel and a series circuit, identify the dif- 
ferences between a parallel and a series circuit). 
The  learning strategies (where and how the 
learner will obtain those skills and knowledge] 
and  the tools that c anbe  used to better under- 
stand the problem/task/case must be identified 
as  well. However, all of these design decisions 
are negotiated and refined through a collabo- 
rative process between the teacher and learn- 
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arid sufficient verbal interaction between the 
,,.- ,cdcher and siudents and among students is 

Once students are presented lv!!h a !eainiz ensured. !r focus or challenge, the teacher and learners 
?I  , negorjate and refine ivhat the learners have to hlyfh 3: There is an absence of structure for 
C (based on individual prior learning his- learning in a constructivist learning enriron- 
, , ,ories and predilections), lvhrre and hoxv they n ~ e n t .  

,,, to acquire the knowledge and skills, and 
8 t As illustrated in Ms. Blake's case, structure also 

I ~ ~ ~ \ .  they are to demonstrate the intended learr- 
1- . exists in a constructivist learning environment. ing (performance criteria). Anlong the more 
1' It emerges in two ways. On the one hand,  a 

important aspects of the teacher-student nego- 
s curriculum or a lesson has an organizing topic, 

tiation is reaching agreement on how the learner 
I- ' task or question (design and construct a paral- 

\vill demonstrate the desired learning perfor- 
!I lel and a series circuit) that sets the initial di- 

mance. Without question, then, there is con- 
< r e c t i o n  of t h e  c lass room conversa t ion  

tern for validating the quality of s tudents '  (Applebee, 1996). This overall focus provides 
achievement (i.e., assessing students' learning). direction for decisions for creating a seminal 

.- For e x a m p l e ,  t h e  teacher  in  Moll  :and learning experience and key essential learning 

. \\%itmore's study (1993) explains h o ~ v  learn- materials, as xvell as what xcill be peripheral 
- , ers i n  her class participate in designing the to the principal topic or task. The judgment of 

constructivist learning environment and the rvluch potentially related topics will be relevant 
I degree ofcontrol that the learners have oxper their to the !earning of the broader instructional goal, 
J , I Arlo\\-ledge construction process. 

"The theme cycles are pretty much con- 
ir oi'students (see hls. BlaL.3'~ case). -- I trolled, the topics anqway, by the kids. 

Right arcay at the beginning of the !.ear T h e  second aspect of 5;ructure involves the 
1t.e go through a group brainstornl process relationships among the \tarious parts of a learr- 
 here the kids ivill put out an~. thing they ing experience. For ex;,mple, when presented 

s are interested in studying, and Itre put \vith a problem to be solved, the teacher and 
- 1 sharks and ~rha les in  the list together ~ c i t h  learners search for its causes, note similarities 

1 some [whoJ said ocean, so that related and differences with tasks with which the learn- 
topics are chunked together. And then the ers are familiar, and classifj  it hierarchically 
kids are asked to vote for their ten most or tix~onomically as part of a larger system. Thus 
favorite, and those are the ones that we  a constructivist teacher engages in a complex 
d o  as group theme cycles for the year. I planning process although one that is differ- 

1 put my things on the list too" (p. 30). ent from what is prescribed in typical instruc- ,. 

Continuing, she explains how she drsigns each tional theori<.:-. 
3 I 

) 
lesson and collects proper materials, saying: 

M y t h  4: As long as learners are involved in 

I already know. I usually ask them to gen- 
t erate lists of questions of ivhat they want 

A s  demonstrated i n  Ms. Blake's case,  i n  a .: 

to know about and that helps arrange cen- 
ters or activities, knowing what they're in- 
terested in, what their areas are" (p. 30). 

1 As the above example and Ms. Blake's case 
, show, in a constructivist learning enlironment, intervene and redirect the discussion (Brown 

1 clear educational goals are established, authen- .& Campione, 1994). It is imperative that the 

tic tasks and real-world, case-based experi- t eacher  carefully m o n i t o i  group work a n d  
' ences and contexts (rather than predetermined 

sequences) are carefully designed 
consideration of key issues and perspectives, 

I 
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and to lead students to correct their misunder- 
standings. This calls for high!?' .ophi~iicarec! 
teaching, requiring carsf31 ti-acjier judgmeiii, 
essential aspects of the constructivist teacher's 
role. 

Myth 5: Since teachers a r e  not primarily en- 
gaged in delivering instruction [fecfuring and 
explaining), their role in the classroom is Iess 
importo .rt. 

In a constructivist learning environment, the 
teacher is certainly no less important; but the 
role of the teacher changes so that the focus is 
on guiding rather than telling the learner. ln- 
deed, an argument can be made that teachers' 
roles are both more important 'md more diffi- 
cult when teaching based on constuctivist views 
of learning. Guiding students to Eenuine un-  
derstanding is a sophisticated proceq;  no rules 
tell us when to intervene or how extensive the 
intervention should be. Teachers must make 
these decisions on their own, based on their 
kr~olvledge of subject matter, learners, and learn- 
ers' past ~xperiences. h.ioreover, the number of 
on-the-spot decisions that teachers must make 
in a constructivist learning environment re- 
quiresslcillhl reflective and spontaneous teach- 
ers who are capable of mentoring, coaching and 
facilitating students' learning. 

Enduring Issues in Constructivist Pedagogy 
In addition to the above-mentioned myths,  
there are some important educational issues 
that need to be raised lvith respect to the struc- 
ture and duration of learning tasks and the 
nature and  efficacy of learning challenges 
posed to learners. Itle next explore three such 
issues. 

Issue 1: Degree ofSlruclurein Learning Tusk; 

Very often new teachers preparing to enter the 
profession or in-service teachers engaged in 
school change efforts ask the same question 
about their ability to transform constructivist 
learning theory into classroom practice. They 
ask: How could I possibly maintain a structured 
learning environment if students spend so much 
time designing their own investigations and I 
spend so  much time mediating those various 
investigations? How could I keep everyone fo- 
cused, on-task and learning with so little stnic- 
ture. 
4 8 

The structure in the cor:structivist classroom 
may look different than what some teachers 
originally envision when Ihey think of the term, 
but it is there nonetheless. Structure in the 
constructivist classroom is negotiated with be 
child and can include norms, procedrires and 
policies that could easily go unnoticed by the 
novice eye. Ln one setting, students might move 
about the classroom freely to get supplies, meet 
study group members, confer with the teacher 
or return to \cork started at an earlier point. b a d  
students' have the opportunity to be self-direc- 
tive or not as they desire. 

The constructivist teacher incorporates lessons 
of all types into classroom life depending upon 
lier analysis of the needs of her learners. One 
day a visitor might find this teacher encourag- 
ing stcdents to share their interpretations of 
characters in the book they are each reading. 
Ur, they might Jind this teacher leading a ses- 
sion in ~vhich  she is sharing the conventional 
forms of a business letter to a group of student 
\vith rough drafts. In these cnses, the structure 
(small group n1ec:ings ivith the teacher) may 
look similar, bu: h e  teachers' i~lstructional 
objectives and st ;dentsv opportunities to change 
their current pvrspectives are different. 
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In another consrructivist classroom, the students 
may be seated in rows facing the chalkboard 
working on an arithmetic problem. Let's exarn- 
ine a particular problem and the teacher's role 
in guiding students to solving it. The  teacher 
has presented an ill-defined problen~ involv- 
ing how to config~ue the tables for that evening's 
parent open house with the constraint that the 
tables ;cat. a maximum of ti and there arc 87 
parents attending that evening. The students 
are trying to determine how many tables they 
need to set up for the open house. The  teacher 
encourages multiple interpretations of the prob- 
lem and multiple pathway solutions. Of par- 
ticular interest to the teacher is how the students 
deal with the remainder, since six is not  a fac- 
tor of 87. The students' differential responses 
will help her determine which students' un- 
derstandings of the part/whole relationship 
make irlstruction with more sophisticated di- 
vision problems appro$ate and which students 
can benefit more Erom further problems with 
the part/whole/remainder relationships. 
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Construct~vlsm in Theory and Practice 

.I I,,! above classroom illustrations serve to de- 
the ilariability of classroom structure 

,,,,,lpatible with constructivist pedagogy. 
constructivist learning theory is not prescrip- 
lire, neither dictating classroom ztr~~c!ure nor 
I,:nching technique. it does expiiciliy staie h a t  
, ,,,,cept ual change is the key to cognitive groivth 
;,,,ti development, and thus conccptunl change 
Ilccornes an essential quest for the teacher's 
,rofessional action. The precise nature of that 
;:l,deavor is derived form the teacher's negotia- 
ljorls with the learners. 

Issue 2: i c t . ~ i e n c y  of Learning 

Because teachers have limited instructional 
linle. the manner in which time is used in the 
classroom \\rill alivays be a concern for teach- 
crs. Teachers feel considerable pressure lo com- 
;)letc the requirements of their  a s s k n e d  
curricuiurn. Thus it is predictable that teach- 
,,rs and educators i ~ i  general \\.ill raise questions 
abo;lt how to accomplish the most ivith the time 
that is allocated. Ilos\,ever, znsi\-ers to questions 
t , r  efficiency are not easily anst\,ercd. There is 
neither universal agreement concerning prp- 
cisely ivhat the outcomes of schooling should 
! ~ e .  nor ajirecmc~it about !\.hat methods !.ield 
cfiicir~lt and lasting learnins. And i f  one's goal 
is to enhance the tra11sf.r of Icarning, the an- 
swers become even more varied. 

Constructivists x.alue asking big questions, gi\-- 
i11g students time to think, and providing op- 
[~orlunities to explore to find answers. IVhile 
this itray of teaching requires more time, by 
ensuring sufficient time, students gain a bet- 
ter grasp of complex ideas. Moreover, deliber- 
ate investigation by students tends to foster the 
disposition to pursue issues and phenomena 
more completely, even those that are Inore dif- 
ficult. Many IamenttIle fact that school curricula 
contain so lnuch material that it is almost im- 
possible to cover it all. But where is the learn- 
ing in "coverage?" \Yhen the erliphasis in school 
is placed too heavily on information and its 
recall, the ir~evitable result will be prodigious 
amounts of forgetting. Thus, the position of 
constructivist educators is not to worship ef- 
ficiency, but instead to value the quality o f  the 
learning. They subscribe to the principle that 
"more is less." On the surface it may appear 
&at efficiency is sacrificed, but the more im- 

portant outcome for learners of all ages, it is 
argued, involves learning with depth. 

T l ~ i j  is certainly not to say that teachers should 
be unconcerned about how they manage their 
instructional time, for nothing could be further 
from !he truth. One may badly squander pre- 
cious learning time through the poor applica- 
t i on  of any  ins t ruc t iona l  methodology. 
Therefore, it is of utrnost importance for effec- 
tive constructivist teaching that the conditions 
for learning be carefully structured, and that 
students' learning activities and learning be 
carefully monitored. Competent constructivist 
teaching demands not only Full engagement by 
students, but also meaningful engagement and  
accountability by teachers. Where tensionarises 
over efficiency of instruction, constructivists 
~vi l l  accentuate the goal of achieving depth of 
learning rather than breath of learning [Brooks 
8: Brooks. 1993). In the firlal analysis, what is 
of enduring significance is that learners acquire 
deeper levels of understanding, see their learn- 
ing in a meaningful context, become increas- 
ingly cornpetcnt i n d  yes, efficient) learners. 
and have the atvar-(~ness and ability toapply their 
learning in non-school contexts. - 

Issue 3: ~ J j i c o c j ~ o ~ L c o r n e r  "Strugg1c"in the 
Process of Learning 

Constructivists believe that meaningful learn- 
i ~ l g  or "purposc Ful knoi\riedge" may be pro- 
moted by a learning environment that has three 
main features. First, one should use authentic 
problems, that is, t a s k  hai'ing the contextual 
feel of the real it.orld. Secondly, the learning 
environment should represent the natural com- 
plexity of'lhe real world and avoid oversim- 
plification of the task and  instruction. And 
thirdly, a constructivist learning envirorlnlent 
should support collaborative knowledge con- 
struction through social negotiation (Jonassen, 
19%). It is believed that such learning environ- 
ments invite learners through interaction with 
others to engage in problem finding, problem 
solving and inquiry learning. Through the com- 
bination of complex, real-world problems and  
meariinghl social interaction among learners 
and teacher, constructivists assert that learn- 
ers are encouraged to discover or invent new 
rules or revise old rules and in the process come 
to a deeper understanding of underlying con- 
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cepts  and principles. The  discovery process identification, formula ti or^ and restructuring of ~ l ~ d e r  
embedded in a constructivist learning environ- goals; pliinning; development and execution of ' (.clnsbuc 
ment  also allows learners to reevaluate what plans; self-rr~onitoring; and appropriate use of el,~lancii 

i they know, and to change their understanding resource management strategies. , learners 
based on what they have directly lezrned horn 
their environment. Constructivists argue h a t  
the open-ended, problem-based, inquiry learn- 
ing characteristics of constructivist learning 
enirironments require learners to struggle with 
the ill-structured, real-world problems in or- 
der to solve them. 

One  of the fundamental underlying principles 
o f  cons t ruc t i v i sm  is t he  concep t  o f  
"sociocognitive conflict." This mechanism for 
learning, derived from the work of Piaget and 
his disciples, proposes that cognitive conflicts 
lead to higher levels of reasoning and learning 
(LYebb 8- Palinscar, 199G). Cognitive'cor~flict 
arises through the dynamics olsocial ekcfiange 
\%.hen the learner realizes that there is a con- 
tradiction between hislher existing understand- 
i ng  a n d  tvhat h e l s h e  is expe r i enc ing .  
Constructivists claim that it is reasonable to 
believe that the best environ~nent for creating 
sucli conflict is an environmtnt in ivhich prob- 
lems are posed, questions are raised and  alter- 
na t i ve  perspectiices a re  p r e sen t ed .  
Problem-based eniironments also promote peer 
collaboration and exchange of ideas, which are 
the major sources of c0gnitii.e conflict (Piaget. 
1976).  Evidence s h o ~ v s  that giving u p  one's 
current understanding in order to reach a neiv 
perspective ivill be best attained by an exchange 
of ideas (Damon, 1984; Radziszeivska & Rogoff, 
19911. 

F rom a motivational perspective, evidence 
sholvs that since problem-based, inquiry learn- 
ing enl-ironments simulate real world situations, 
students'  natural curiosity is stimulated and  
learners find their learning experiences to be 
more interesting, more engaging and more rel- 
evant. Furthermore, problem-based environ- 
ments  make higher cognitive, metacognitive, 
affective, and resource management demands 
upon  the learner. These high level demands 
encourage learners to develop expertise in how 
to learn as well as in learning to construct useful 
knowledge (Perkins. 19911. A problem-based 
learning environment is much more likely to 
engage learners ir, the learning process t h o u g h  

5 0 

Summary and Recommendations 
While more research is certainly needed oil 

constructivist methods of  teaching, there is 
growing evidence of the efficacy of rvell-imple- 
mented programs (Bereiter & S ~ a r d a m a l i ~ ,  
1987; Carpenter & Fennema, 1992; Duffy g: 
Roehler, 1986; Neal, Smith. & Johnson, 1990). 
In their Cognitively Guided Instruction (CGI) 
mathematics program (Carpenter & Fennema, 
19921, elementary school teachers are given 
extensive training in constructivist methods 
(complex problems, modeling, group problem 
solving, careful teacher questioning and teach- 
ing of metacognitive strategies] and have found 
increases in higher-level thinking skills as well 
as solid achievement in traditional computa- 
tional skills. Constructivist approaches to 
mathematics emphasize the use of real prob- 
lems for students to solve intuitively (Fuson. 
1992;  Lampert. 1986). Once students  have 
achieved a sound conceptual understanding. 
the!, are then taught the formal abstract repre- 
sentations of tile discoi,ered rrlatl~ematical pro- 
cesses. 

Constructivism 11;s been iuidely embraced by 
science teachers as well as teachers of mathemat- 
ics. Since constructivist epistemology is entirely 
consistent with an inquiry approach, we see its 
principles manifested through investigative 
labora~ory actiiities, cooperative learning and a 
variety of hands-on experiments combined with 
expert scaffolding. In addition to positive out- 
comes in science (Neale. Smith. & Johnson, 
19901, similar successes have been reported in 
reading ( D u b  6r Roehler. 1986) and in writing 
(Bereiter & Scardamalia, 1987). as emergent lit- 
eracy practices have become adopted increas- 
ingly in language arts instruction. However. 
much of the research continues to be descrip- 
tive rather thar. comparative, and the intended 
outcomes olconstmctivist instruction are often 
qualitatively different from traditional method- 
olog!;. However, .i\irasizii and CValsh (1996) do 
caution that the r~presentation of constructivist 
views of knowledge and learning in teaching 
pedagogy has not been sufficiently explicated. 
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~ ; , ~ d e r  what condi t ions  wil l  spec i f ic  
, . u , l s~~c t iv i s t  approaches be most effective for 
,.,lharlcing student achievement? For which 
learners and for what !earnir;g oilicoiiies will 
(:onstructivist methodoiogies be most effica- 
,,jo11~? hfore research is needed to answer these 
c i , ~ e ~ ~ i o n s .  And they also point out that students 
( 1 "  construct meaning in a lrariety of \\rays. 

;\lhough constructiiisrn is a theory about learn- 
ing rather than a description of teaching. some 
ilnportant s tr~des toward defining the relaiioii- 
stlip between theory and practice have been 
made. The following pedagogical recommen- 
daticns. while general i n  nature, have been 
derived from fundamental constructivist prin- 
ciples of learning (Confrey, 1990; Brooks & 
Brooks. 1993; Fosnot, 1996). 

L 

I .Learners should be encouraged to raise qu'es- 
tions, generate hypotheses and test their va- 
lidity. 

?.Learners should be challenged by ideas and 
cxpericnccs that generate inner cognitive 
conflict or disequilibrium. Students' errors 
should bc viewed positively as opportuni- 
ties for learners and teachers to explore con- 
ceptual understanding. 

3.Students should be given time to engage in 
reflection through journal \ \~ i t i ng ,  dra~ving,  
modeling and discussion. Learning occurs 
through reflective abstraction. 

4.Thc learning en~i ronrnent  should provide 
ample opportunities for dialogue and the 
classroom should be seen as a "community 
of discourse engaged in activity, reflection, 
and conversation" (Fosnot, 19891. 

5.In a community of learners, it is the students 
themselves who must communicate their 
ideas to others, defend and justify them. 

6.Students should work with big ideas, cen- 
bal organizing principles that have the power 
to generalize across experiences and disci- 
plines. 

To this set of recommendations we would add 
the follotving concluding thoughts. The over- 
riding goal of the constructivist educator is to 
stimulate thinking in learners that results in 
meaningful learning, deeper understanding and 

transfer of learning to real world contexts. To 
accomplish this goal, a constructivist framework 
leads teachers to incorporate strategies that 
encourage kno\vledge construction through 
primarily social learning processes, in which 
students  develop their own understanding 
Lhrough interactiorls with peersand the teacher. 
In addition, in order to make manifest and link 
new knowledge to learrlers'current understand- 
ing, the constructivist teacher selects authen- 
tic tasks and uses more ill-defined problems and 
higher order questions. A significar~t problem 
tackled by small groups of students pronlotes 
involvement, curiosity, and heightened moti- 
vation. 

'I'hus. it is desirable that constructivist lessons 
have a clear content goal designed around an 
authentic learning task, question or problem. 
The  teacher must also select niultiple wags of 
representing key ideas in the lessun. thereby 
providing students multiple ways of connect- 
ing, integrating and elaborating the new l e a n -  
ing. By arranging for student interactions i r ~  
conjunction with highly skilled, teacher ques- 
tioning, teachers can prnmotestudents' thinking 
skills, guide students' ~zarning, and assess stu- 
dents '  learning as they learn. Students  i n  
constructivist ~ l a ~ ~ i o o m s  are challenged to 
become more active learners, to interact with 
their peers and to al\rays vie\\, learning as a 
search for meaning. At the same time, the  
teacher is challenged to h o l v  her learners, to 
obsene  and listen to theirresponses and think- 
ing. The teacher must model effective think- 
ingemploy expert questioning. and otherwise, 
skillfully provide whatever learning guidance 
may be indicated to support the efforts of stu- 
dents to construct meaning froni their classroom 
and life experiences. By follolving these guide- 
lines, teachers and students will experience 
greater efficacy. as students take increasing 
responsibility for their learning and come to 
appreciate the satisfaction of meaningful learn- 
ing. 
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Carla van Boxtel 
]or van der Linden 

Collaborative Concept Mapping: 
Provoking and Supporting 

1 Meanin@ Discourse 

N IMPORTANT AIM OF INSTRUCTION in schools classes. The students collaborated in pairs on a 
is that students learn the concepts that are concept-mapping task that functioned as the intro- 

used within specific domains, and that they im- duction to a new course about electricity. In each 
prove their ability to use these concepts in their study, we manipulated the task design and com- 
mutually agreed-upon "scientific" meanings. Scv- pared the student interaction that emerged in the 
era1 authors suggest that students learn domain- different task conditions. In all studies, we video- 
specific concepts by using them in spoken taped and transcribed the student interactions and 
communication-through talking about and "with" analyzed the transcripts. 
concepts (Duit & Treagust 1998; Lemke, 1990; Several studies (Horton, McConny, Gallo. 
Palincsar, Anderson, & David, 1993). From this Woods, & Hamelin. 1993) have shown that concept 
point of view, then, collaborative learning tasks mapping results in meaningful learning. Making a - 

have a strong potential to contribute to the Iearn- concept map helps learners become aware of and 
ing of concepts, because they can provide students reflect on their own (mis)understandings; it helps 
witb the opportunity to talk about and use them to students take charge of their own meaning-mak- 
describe and explain phenomena. In addition to the ing. Further, it contributes to the development of 
composition of the group, the group size, the re- an integrated conceptual framework. Most of the 
ward structure, and the preparation for group work, concept-mapping studies focus on the construction 
the task itself has an important role in shaping the of a concept map by individual students or a teach- 
quality of the student interaction (Derry, 1999; Van er. Ln line with the findings of Roth and Roy- 
der Linden, Erkens, Schmidt, & Renshaw, 2000; choudhury (1993, 1994) and Sizmur and Osborne 
Webb & Palincsar, 1996). (1997). we concluded that concept mapping, as a . '  

lo this article we discuss the potential of col- collaborative learning activity, is successful In pro- I 

laborative concept-mapping tasks. In our research, voking and supporting a student discourse that con- 
we used a concept-mapping task in three experimen- tributes to the appropriation of physics concepts. 
tal studies. Participants in the studies were 15- to Students in the three studies in which we used con- 
16-year-old students from secondary-level physics cept mapping as a group task showed significant 

learning gains (van Boxtel, 2000). It appeared that 
Carla van Boxtel is assistant professor, Jos van der the learning outcomes were related to the quality 
Linden is associate professor, Erik Roelofs is assisfant 
professor, and Gijsbert Erkens is associate professor lhe student interaction. The about 
in the Department of Educational Sciences at Utrecht physics Concepts and the more elaborative that talk, 
Universiq, The Netherlands. the higher the learning outcomes. 
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In the following sections, we present our expe- 
riences with the concept-mapping tasks used in our 
research. We identify the features of the concept- 
mapping task that helped make it successful in p r e  
voking and supporting a productive student discourse. 

Collaborative Concept Mapping 
The concept-mapping task 

Concept maps are diagrams indicating inter- 
relationships among concepts and representing con- 
ceptual frameworks within a specific domain of 
knowledge (Novak, 1990). A concept map repre- 
sents the main concepts and relationships within a 
domain. It is a network in which the nodes repre- 
sent concepts, the lines linking the nodes represent 
relationships, and the labels on the lines represent 
the nature of the relationships. Within the domain 
of physics, the relationships between concepts 
mostly reflect physical regularities. For example, 
within the domain of electricity. the concepts of 
voltage, current strength, and resistance can he re- 
lated to each other. It is possible to describe the 
relationships among these concepts as follows: "If 
the voltage increases, then the current strength in- 
creases, provided that the resistance does not 
change." This is a qualitative description of Ohm's 
law (I = VIR) that accounts for the observation that 
current strength is proportional to the amount of 
voltage. 

In our studies, pairs of students were asked to 
conshuct a concept map on a large sheet of paper, 
and use a given set of electricity concepts, such as 
current strength, voltage, energy, and resistance. 
We expected students to connect related concepts 
and label the Links that represent the relationships 
between concepts precisely. We chose to work with 
students from the higher grades because a fruitful 
discussion about the meaning and use of concepts 
requires that the participants are at least familiar 
with the terms and have some initial understand- 
ing of the concepts and their interrelationships. It 
took students an average of 20 minutes to con- 
shuct a concept map like the one shown in Figure 1. 

In the foIlowing sections we give a description 
of the student discourse that was provoked by the 
concept-mapping task (see van Boxtel, van der Lin- 
den, & Kanselaar, 2000 for more details of the study). 
We will relate the features of the student discourse to 
the features of the concept-mapping task. 

Students articulate their thoughts 
As expected, collaborative concept mapping 

engaged students in discourse about the physics 
concepts. The students articulated their thoughts 
about, and experiences with, the concepts. There 
was almost no off-task talk. The requested group 
product and the given electricity concepts forced 
students to pay attention to key principles in the 

Figure 1. Example of a concept map about eIectricity. 

provides 

vhen they circulate. I Electrons m e  resistaxe. 
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rn voltage. 
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domain, thus stimulating "abstract talk." The average the recognition and acknowledgment of problems, 
intensity of talk about the electricity concepts was and attempts to look for meaningful relationships. 
measured as the number of propositions per minute. Because a concept-mapping task is an open task 
We defined a proposition as an utterance in which with no predetermined or fixed answers, collabo- 
the student makes a statement about the meaning of rative concept mapping elicits negotiation. Negoti- 
or a relationship between one or more electxicity con- ation processes can be characterized by asking and 
cepts. The students formulated approximately three answering questions, resolving disagreements, and 
propositions per minute. In almost all pairs, the stu- co-constructing meanings. Questions asked during 
dents parti~ipated equally in the discourse. the concept-mapping task (i.e., "What is voltage?" 

Most conversation about the electricity con- "Why is a voltage resource needed in an electric 
cepts concerned relationships among concepts. Usu- circuit?" "But what actually is a molecule?') in- 
ally. the formulation of relationships became more cluded the acquisition of the theoretical Framework 
precise and specific during the accomplishment of of electricity concepts as used by scientists. The 
the task. "Resistance and current strength are re- fact that the questions were posed by the students 
lated" is an example of a proposition with low themselves seemed to make them eager to search 
specification. "Lf resistance is small, the current for an answer. In attempting to answer the ques- 
strength is large" is an example of a proposition tions, students can create new relationships by giv- 
with high specification. ing examples, using analogies, reformulating, or 

As a result of explaining their own concep- by referring to school or everyday experiences (see 
lions. students gain a greater conceptual clarity for also Webb, 1989, 1991). 
themselves (Damon & Phelps, 1989). However, The concept-mapping task also provoked con- 
Roth and Roychoudhury (1993) reported that some flicts, because in talking about relationships be- 
negative outcomes could occur. For example, as a tween certain physical quantities, students often 
result of working together, students' scientifically had to choose between two opposite alternatives. 
incorrect notions sometimes become ingrained or For example, current strength is either directly or 
go unchallenged. When a concept-mapping task is inversely proportional to resistance; voltage is re- 
used as the introduction to a curriculum unit, bow- lated to electrons, or it is not. A concept map re- 
ever, this could be considered less of a problem quires an explicit answer. This might explain why, 
and, perhaps, even meaningful. The subsequent stu- in our studies, students elaborated almost all con- - ~ - 

dent activities and instruction can be focused on flicts that arose. One student explained or justified 
an explicit comparison of new information with his or her statement, or both students contributed 
the conceptions that are expressed in the concept to the resolution of the conflict through argumen- 
maps. Becoming aware of one's own conceptions, tation about the solution. 
knowledge gaps, and inconsistent reasoning can be 
considered important conditions for conceptual Co-construction of meanings 
change, because it may result in a cognitive con- When peers work on a common task. mutual 
flict (Joshua & Dupin, 1987; Pintrich, Marx, & understanding must be created and sustained con- 
Boyle, 1993). tinuously (Roschelle, 1992). To coordinate activi- 

Articulation of ideas also enables students to ties and achieve a joint  concept  map, the 
question or criticize them. A partner can point to collaborating students needed to create a shared 
inconsistent or incorrect reasoning and elaborate meaning of the task, the concepts, the procedures, 
ideas, and both students can co-construct mean- and the strategies to use. The transcripts of the 
ings. In the next sections, we discuss the potential student discourse showed many episodes in which 
of the concept-mapping task to provoke elabora- both students contributed to answering a question. 
tion and co-construction. resolving a conflict, or constructing a reason. 

m e  following example illustrates the process 
Elaboration of conceptual knowledge of co-constructing a reason. After Haiko states that 

Learning concepts requires deep processing ac- an electric circuit has a voltage source, he (finish- 
tivities, such as the active use of prior knowledge, ing the proposition that Andy started) states that a 
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voltage source gives voltage. Then, Andy contin- 
ues to relate the voltage source to energy and to 
current strength. Finally, Haiko relates the concept 
of current to the concept of energy. 

Haiko: An electric circuit has a voltage source too, 
hasn't it? 

Andy: Yes. actually it bas. 
Andy: (draws) 
Andy: And it consists of (writes) . . . And the volt- 

age source has . . . gives, gives . . . 
Haiko: The voltage source gives voltage . . . 
Andy: and energy. 
Haiko: Yes also . . . 
Andy: and current, isn't it? The voltage source also 

gives current. 
Haiko: And due to this current, there is energy. 

We suggest that such collaborative episodes 
contribute to the leaming of concepts, because both 
students are actively engaged in elaborative activities 
at the same time. They are not only reflecting on and 
elaborating their own understanding but are also in- 
tegrating and elaborating the input of their partners. 

Next to the use of language, shared objects 
and tools can also play an important role in the 
negotiation and co-construction of meanings dur- 
ing communication. Crook (1998) argues that col- 
laborating students will benefit from referential 
anchors because they can support the construction 
of a shared understanding: "The more abstract the 
terms of the problem. the more helpful it may prove 
to have external representations that resource the 
construction of a shared understanding" (pp. 241). 
During collaborative concept mapping, the prod- 
uct serves as a visible representation that can fa- 
cilitate communication about abstract concepts and 
relationships. Students can refer to the concept la- 
bels and the propositions of the emerging concept 
map while verbalizing their ideas and negotiating 
meaning. In addition, the use of a large sheet of 
paper makes it difficult for students to divide the 
task into parts, and strengthens interdependency 
and negotiation between the collaborating students. 

In sum. the collaborative concept-mapping 
task prompts students to articulate their thoughts, 
elaborate the meaning of the physics concepts, and 
co-construct conceptual understanding. However, 
there are also some limitations. In the next section 
we discuss these limitations and the strategies that 
can be used to overcome them. 

Limitations and Strategies 
Limitations of creating a concept map 

The results of our analyses with the concept- 
mapping task in a number of studies show that 
collaborative concept mapping has a strong poten- 
+ .i,, -1 tc ejici: elaticrative &ilk a b u t  the relationships 

among the electricity concepts.   ow ever, at cer- 
tain points the concept-mapping task was not as 
provocative as we'd hoped it would be. 

First, a concept map does not elicit much dis- 
course in which concepts and their interrelation- 
ships are used to describe and explain phenomena 
in concrete electric circuits. Most student discourse 
is about the theoretical relationships between con- 
cepts. Second, we discovered that the discourse 
rarely reached the explanatory level. For example, 
many students stated that higher voltage results in 
higher current strength, but most students did not 
talk about how this relationship could be explained. 
This may be due in part to a lack of experience 
with such dialogue. Most of the physics textbooks 
used in secondary education do not explain de- 
scribed regularities, and the assignments do not 
give much opportunity to practice the formulation 
or generation of explanations. To engage students 
in discourse about explanations, it may be neces- 
sary to request a group product that really requires 
discourse at this level. Third, although students can 
be asked to include quantities and formulas in their 
concept maps, this does not really provoke elabo- 
rative talk about other forms of representation. 

Finally, the construction of a concept map 
elicited the articulation of only some of the con- 
ceptions that are considered frequently occuning 
misconceptions within the domain of electricity. 
For example, the student discourse during the con- 
struction of the concept map especially reflected 
the confusion between voltage and current strength, 
and the idea that a larger cross-section of a wire 
results in a larger resistance. One of the most fre- 
quent misconceptions within the domain of elec- 
 city is the idea of "current consumptionn (e.g., 
Driver, Squires, Rushworth, & Wood-Robinson, 
1994), yet this idea was articulated by only 1 of 
the 20 pairs of students that participated in the 
mapping task. 

To overcome such problems, the concept- 
mapping task can be extended with a phase in 
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which students are asked to elaborate relationships up current, and that an intervention in the circuit 
on their concept maps. In the following section we affects only the part behind the intervention. In the 
describe this extended concept-mapping Lask. following example, Winnie and Christine decided 

to draw an elecvie circuit with a piece of wood, 
Elaborated concept mapping because they hypothesized in their concept map 

In the resuicted, commonly used concept- that certain materials have a high resistance and, 
mapping task described previousiy, students con- therefore, can't conduct current. Winnie's state- 
structed a concept map. This task can be extended ments reflect the idea of current consumption or 
in the following ways: local reasoning, because she assumes that there will 

1. Ask students to design experiments that would be a current between the battery and the piece of 

prove the regularities they describe i n  their con- wood. but not between the piece of wood and the 

cept maps. Each experimental design has to be 
described in words and represented in a draw- Winnie: I think we have to measure current strength. 

ing (e.g., a drawing of an elechc circuit with a but how can we do that? 

psistor, a voltage source that can supply dif. I the piece has to be be- 
tween the battery and the bulb; otherwise, we can't 

ferent amounLs of voltage, and an ammeter to determine whether it conducts. . . . 
measure current strength). Winnie: Here (points) . . . it's between the battery - 

2. Ask students to represent the expected results and the bulb. 

of the designed experiments in a diagram. Christine: Then we must connect these ones, hecause 
it results in. . . . 

3. Ask students to give an explanation for the na- Yes, but look, when the is going 
lure of the relationships in their concept maps like this, then it doesn't come back, does it? When 
and represented in the diagram. this does not conduct, it can't come back again. 

We have examined these ways of elaborating the 
Discussing other  forms of representation 

concept-mapping task in two additional studies. I n  
The task of designing experiments elicited 

these studies, students a poster that was student discourse the way an electric circuit 
already structured and provided parts for the ex- must be built and how it can be drawn using cir- 
periment, the diagram, and the explanation. cuit diagram symbols (for example, a bulb is a - - .--- 

Because we asked students lo construct a 'On- circle with a cross). Many students referred to ex- 
cept map first, and then to elaborate the relation- periments that they bad carried out previously ;,, 
ships in the map7 we 'Ompare the the physics class. This occurred, for example, when 
student discourse that occurred during the c0nsu-u~- they were discussing how the physical quantities 
tion of the concept map with the student discourse could be measured, When students tried to repre- 
that during lhe it. As ex- sent the expected results of the designed expe,-. 
pected. the design of experiments and the drawing merit i n  a diagram, they  discussed how the  
of diagrams elicited more interactions io which stu- quantities had to be represented in units and sym- 
dents related the electricity concepts to concrete bols and which variable had to be put on which 
phenomena and other forms of representation. The axis. 
design of experiments also provoked the sharing 
of previously completed experiments and demon- Discussing explanations 
strations in physics classes and the articulation of The transcripts of the student discourse 
the idea of current consumption. We describe our showed that students had difficulties with the gener- 
experiences with the elaboration of the concept map ation of explanations for the "if-then" relationships 
in more detail below. they described in their concept maps. Some students' 

suggestions (e.g., "Because it isn't otherwise." or 
Articulation of misconceptions "Some Einstein invented it.") presupposed that the 

During the design of the experiments, students relationships did not need further explanation. Such 
often expressed the idea that an electric circuit uses utterances may be related to the conception that 
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physics contains well-defined and "finished" 
knowledge that does not need funher explanation. 
Yet some pairs of students discussed the implica- 
tions of giving an explanation (e.g., "Actually, this 
is a description of what happens, but what is the 
explnmtion?" or "You have to know why; why 
does the resistance increase?"). 

Conclusions 
In this article, we showed the importance of 

the quality of student interaction, and that the de- 
sign of the task can afFect that quality. The task 
must be designed primarily on the basis of the kind 
of student discourse that is thought to be produc- 
tive. In the case of concept learning, productive 
student interaction is characterized by discourse 
about the meanings and relationships of the con- 
cepts, elaboration of conceptual knowledge, and 
co-construction of meanings. A concept map func- 
tions as a useful tool to provoke such student in- 
teraction. 

Several features of a restricted concept-map- 
ping task explain why productive student interac- 
tion occurs: the required group product (a) is large 
enough to be shared, (b) contains visually repre- 
sented information, (c) does not require many con- 
crete activities (e.g., drawing and writing) at the 
cost of abstract talk, and (d) forces students to 
actually use the scientific concepts and discuss their 
meanings and relationships. 

The group task to elaborate the concept map 
provokes other types of valuable elaborative talk: 
(a) relating abstract concepts to concrete phenom- 
ena, (b) sharing the results of experiments and dem- 
onstrations from previous physics lessons, (c) 
relating concepts and relationships between con- 
cepts to symbolic and graphical forms of represen- 
tation, and (d) discussing principles that underlie 
regularities. Including a step where students have 
to prove and explain the relationships in the con- 
cept map seems to be a good extension of the task 
because it stimulates students to talk about multi- 
ple kinds of relationships. 

The concept-mapping task described in this 

to elicit the need to answer questions and test as- 
sumptions. A concept map is a good instrument for 
teachers to quickly diagnose students' use of mis- 
conceptions. The collaborative concept-mapping task 
can also assist students in taking more responsibility 
for their own learning during the course. Eventually, 
with the teacher's help. students can determine which 
activities to use to check or improve their concept 
maps-the hypotheses and explanations they formu- 
lated. Further, the concept map, designed experiments, 
and explanations can be presented and discussed in 
class. In this way, a concept map and the designed 
experiments can evoke students' discussion of what 
constitutes proof for a relationship, and what consti- 
tutes an explanation within the domain of physics. 

In sum, a collaborative (elaborated) concept- 
mapping task enables students to use language for 
thinking and reasoning together (Mercer, 2000; van 
der Linden & Renshaw, in press). It is a powerful 
task because it stimulates and supports the articula- 
tion, elaboration, and co-construction of meaning and 
sense. 
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