












BOX ].4 Finding th" Ar"a of. Ffgur" 

Understanding Method 

Th" understanding method "nrouraged students to see th" structura l 
r,, 'ations in th" para ll"logram, for ,," ample, that th" para llelogram could 
t>e rearranged into a rectangle by moving a triangle from on" side to Ih" 
other. Since th" students knew how to f ind the area of a rectangle, 
f inding the area of a para llelogram was eas~ once they discovered Ih" 
appropriate structura l re lations. 

Rote Method 

I n the rot" method, students wer" laughl to drop. perpendku lar and 
then apply the memorized solution formula. 

\ L \ 
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Transfer 

Bolh groups performed we ll on Iypica l problems asking for Ih" area of 
para llelograms; however, only Ihe understanding group couk! transfer to 
nove l prot>k>ms, such as f inding th" area of th" f>gures t>eiow . 

or dist inguish ing t>etw""n solvable and unsolvable problems such as 

Th" r"sponse of th" " rote" group to no,e l problems was, " We ha,en"t 
had that yel." 

saJRCE: Based on Werrfle;mer (1959). 





BOX 3.6 Preparation for Learn ing w~h Understanding 

Three different groups of college student, received different kinds 01 
instruction aoout schema theory and memory and then completed a 
transfer task where thev were asked to m ake deta iled prediction, aoout 
the re,u~, 01 a new memory ,tudV. Student, in Group 1 read and 
summarized a text on the topic of schema theory and then Ii,tened to a 
~ure designed to he lp them organi'" the ir knowledge and learn with 
understanding. Group 2 did not read the text but, instead, act ive lv 
compared , implilled data set, from schema experiment, on memory and 
then heard the same -.aure a, Group 1. Group 3 'pent twice a, much 
t ime a, Group 2 working with the data set, but did not receive the 
organizing lecture. On the tran,ler test, student, in Group 2 performed 
much better than those in Groups 1 and 3. Their work with the data sets 
set the ,tage for them to learn from the lecture. The ~ure wa, 
nece,sary, a, indicated bV the poor performance 01 Group 3. 

SOURCE: From SdlWiI{fZ et iii. (in press). 

in "de liberate practice" that includes act ive mon~ori ng 01 one·, learning 
expe rience, (Eric,,,,n et al., 1993). Mon itoring involve, attempt, to seek 
and use leedtlack aoout one·, progress. Feedback ha, iong been idenmled 
a, important ror ,uccessfullearn ing (see, e.g., Thorndike, 19B), but ~ 
,houk! not be regarded a, a unidimen,ional concept. For exa mple, feedback 
that 'ignal, progress in memorizing fact, an d formu la, i, different from 
leedback that 'igna l, the state 01 the students· understanding (Ch i et al., 
1989, 1994). I n addition, a, noted in ChaOler 2, student, need leedt>ack 
aooutthe degree to which theV know when, where, and how to use the 
knowledge the~ are learn ing. B~ inadllertent ly re lying on clue,- such a, 
which chapter in a text 











BOX 3.7 FIe.i t>le Transfer 

College students were presented with the following passa-ge aoout a 
genera l and a fort ress (Gick and Holyoak, 1980,309). 

A genera l wishes to capture a fortress i<>cated in the ",nter of a country. 
There are man~ roads radiat ing outward from the fortress. Al l have t>eEn 
m ined so that wh ile sma ll groups 01 men can pass over the roads safely, 
a large force will detonate the mines. A lu ll · scale direct attack is the refore 
impossit>le. Th~ gener. l· s soluUon is to divide his army into sma ll groups, 
send each group to the head of a different road, and have the groups 
con.erge s i mu~aneously on the fortress. 

Students memorized the information in the passa-ge and were then asked 
to try another task, which was to solve the following problem (Gick and 
HoIyoak,19BO,307- 308). 

You are a doctor faced w~h • patient who ha5 a ma lignant tumor in hts 
stomach. It is impossible to operate on the patiEnt, oot uniEss the tumor 
is destroyed the patient will die. Th~r~ ts a kind of ray that may t>e used 
to de5troy the tumor. If the rays reach the tumor all at once and with 
sufficient ly h>gh intensity, the tumor will t>e destroyed, oot surrounding 
tissue may t>e damaged as well. At .,wer intensities the ray>; are 
harmless to hea lth~ t is",e, oot they will not affect the tumor either. 
What type of pr<>e<>dure m>ght t>e used to destroy the tumor w~h the 
rays, and at the same t ime avok! destroy ing the hea~hy t issue] 

Few college students were at>le to solve thts prot>lem when left to their 
own de.ices. However, over 90 percent w~re able to solve the tumor 
prot>lem when they were e. plicitty tokl to use in/ormation aoout the 
genera l and the fortress to help them. These students perceived the 
analogy t>etween dividing the troops into sma ll un~5 and using a numt>er 
of sma ll·dose rays that each converge on the same point-th~ cancerous 
tfssue. Each ray is too weak to harm tissue e. ",pt at the point of 
con.ergence. Despite the relevance of the fortress problem to the tumor 
problem, the informat.,n was not used spontaneously- the connection 
t>etween the two sets of information h"" to t>e e.plicitly pointed out. 



studies on conceptua l representa!>on include Brown (1986), Bassok and 
Holyoak (1989a, b), . nd Sin91ey and Anderson (1989). Whether students 
will transfer across <Ioma ins- such as distance formulas from phySK:s to 
forma ll~ equ iva lent biologica l growth problems, for example- depends on 
whether they conceive 01 the 9rowth as occurrin9 cont inuously (successful 
transfer) or in discrete steps (unsuccessfu l transler) (Bassok and OIseth, 
1995). 

5in9"'Y and Ande,.;on (1989) .r9ue that transler between t asks is • 
function 01 the de9",e to which the tasks share cognitive e"'ments. This 
hypothesis was also put forth very early in the development of r"",arch on 
transfer of "",ntica l e"'ments, mentlone<l previousl~ (Thorndike and 
Woodworth, 1901: Woodworth, 1938), but it was hard to test 
ex peri ment all~ unt il there was a way to "",nt ity task components. I n 
addition, modern theorists include cognitive repr ..... ntation5 and strat"9ies 
as "elEments" that vary across tasks (Sin91EV .nd Anderson, 1989). 

SinglEy and Ande,.;on taught students ",vera l text editors, one alter 
another, and sought to pre<lict transfer, deline<l as the sav ings in l ime of 
"'arn ing a new e<litor when rt was not taught first . They lound that 
students lEarned subsequent text editors more rapi<l l ~ and that the 
numt>er of procedura l e"'ments shared b~ two text editors predicte<l the 
amount of tMs transfer. I n lact, there was large transfer across editors 
th at were very different in surface structures but that had common 
at>5tracl structures. Sin9le~ and Anderson also found that sim ilar prindples 
govern transfer 01 m athematica l competence across mu~ i ple domains 
when the~ considered transfer 01 declarat ive as we ll as proce<lura l 
know ledge. 

A stud~ bi' B""",rman and Sh iffrar (1987) is a striking exa mple of the 
t>enefits of at>5tract instruction. They studied a task that is typica ll~ difftcU~ 

to "'arn in awent ice· li ke roles: how to exa m ine day·ol<l chicks to 
determine the ir "'x. Biederman and Shilfrar found that twenty m inutes of 
instruction on at>5tracl principles he lped the novices improve cons"",rably 
(see also Anderson et al., 1996). Re",arch studies genera lly prov"", strong 
support for the t>enefilS of helping students represent their experiences at 
"'vels of at>5traclion that transcend the speciflC~y of particular contexts 
and examples (N ationa l Research CounCil, 1994). E)(ilmples include alget>ra 
(Single~ and Anderson, 1989), computer language tasks (Klahr and carver, 
1988), motor skill s (e.g., dart throw ing, Judd, 1908), analogical reasoning 
(Gick and Hol~oak, 1983), and visua l lEarn ing (e.g., ",xi ng chicks, 
BIEderman and Sh iffrar, 1987). 

Studies show that at>5tracte<l representation. do not rema in as isolated 
instances of events but t>ecome components of la rger, relate<! events, 
schemata (Holyoak, 1984; Novick and Holyoak, 1991). Know ledge 
representatlon5 are bu i ~ up through m any opportun~ies for observ ing 
. i m ilar~ies and differences across diverse events. Schemata are po5~ed a. 
particu larly important 



guides to compk>x thinking, including ana logica l reaSOlling: "Succe,,/ul 
analogical transfer leads to the induction of a general schema for the 
solved prot>lems that can t>e appl ied to sutlsequent prot>lems" (N ationa l 
R ..... arch Council, 1994 :43). Memory retrieva l and transfer are promoted 
by schemata t>ecause they derive from a tlrO<lder scope of re lated instances 
than single learn ing experiences. 

Active Versus Passive Approaches to Transfer 

It is important to view transfer as a dynamic process Ihat requires learners 
to act ively choose and eva luate strategies, consider ,esou,ce., and receive 
f""dt>ack. This active view of transfer is different from more .tatic views, 
which assume that transfer is adequatel~ reflected b~ learners· abi lities to 
solve a set oflransfer prot>lems right after they have engaged in an init ial 
learning task. These "one·shot" tesls often seriously unde,est imate the 
amount of transfer that students display from one domain to another 
(Bransford and Schwartz, in pre,,; Brown et al., 1983; Bruer, 1993). 

Studies of transfe, from learn ing one text editor to another illustrate the 
importance of view ing transfer from a dynamic rather than a static 
perspective. Researchers ha"e found much g,eater t,ansfer to a second 
text editor on the Sffood day of transfe, than the f irst (Singley and 
Anderson, 1989): Ihis finding suggests that Iransfer should t>e "lewed as 
increased speed in learn ing a new domain- nol simply initial performance. 
Sim ilarly, one educationa l 90"1 for a course in caiculus is how it facilitates 
learn ing 01 physics, but nol necessarily its t>enefit on the f irst day of 
phySics cia". 

Idea lly, an individua l spontaneously transfers aW0prtate knowledge 
without a need for prompting. Somet imes, however, prompt ing is 
necessa ry. With prompt ing, transfer ca n improve quite dramatica ll y (e.g., 
Gick and Holyoak, 1980; Perfetto et aI. , 1983). "The amount of transfer 
depends on where attention is di'ected during learn ing or at transfer" 
(Anderson et aI. , 1996:8). 

An especia ll v sens~ i"e way to asse" the degree to which student<· 
learn ing has prepared them for transfer is to use methods of dynamic 
asse"menl, such as "graduated prompt ing" (camplone and Brown, 1987; 
Newman et aI. , 1989). This method ca n t>e used to asse" the amount of 
help needed for transfer bV count ing the numt>er and types of prompts 
that are necessary t>efore students are able to transfer. Some learners can 
transfer after rece iv ing a genera l prompt such as "can you th ink of 
something you did earlie, that might t>e relevant?" other leamers need 
prompts that are much more specific. Tests of transfer that use graduated 
prompting provide more f ine-gra ined ana lysis of learn ing and its effects on 
transfer than simple one-.hot as""sments of whether or not transfer 
occurs. 



Transfer and Metacognition 

Transfer can t>e impro_e<I b~ he lping students t>ecome more awa,. of 
themsel_es as .,arne,..; who acti_ely mon itor the ir learn ing strat"l/les and 
resources and .ssess the ir readiness lor particu lar lest5 and performances. 
We brie~y discu5sed the rona.pt of metarogn iUon in Chapte,..; l and J. (see 
Brown, 1975 ; Flave ll , 1973). Metacogn itioe approaches to instruction have 
been shown to increase the d"9r"" to which students will transfer to new 
situ aUons without the nee<! for explicit prompt ing. The follow ing exa mpies 
illustrate resea",h on teaching metilC09n~ i ve skill s across domains of 
reading, writ ing, and m athematics. 

ReciprOCil I teaching to increase reading comprehension (PalinCSilr and 
Brown, 1984) is des>gned to help students ilCqu ire specif-,c know~ and 
also 10 learn a set of strategies for expiicating, ela t>orat ing, and mon~ori ng 
the understanding neces"'r; lor independent learn ing. The th r"" m ajor 
components of reciproca l teach ing are instruction and pract",e with 
strategies that enable students to mon~or the ir unde,..;tanding; provision, 
init ially b~ a te acher, of an expert model of metacogn it ive proc..sses; and a 
socia l sett ing th at enat>tes joint negotiatK>n for unde,..;tanding. The 
knowledge-ilCQuis~lon strat"9ies the students .,arn in working on a specifIC 
text are not acqu ired as abstract memorized proce<lures, but as skill5 
instrumental in achiev ing s.ubject -area knowledge and unde,..;tanding. The 
instructional proce<lure is reciprOCilI -'n the sense that a te""her and a 
group of students t ake turn5 in leading the group to discuss and use 
strategle5 for comprehending and rememt>ering te xt content. 

A program of proce<lural facilitation for teach ing written compos~ion 
(Scardam alia et al., 1984) shares m anv features with reciprOCil I teaChing. 
The method prompts .,arne,..; to adopt the met""ogn ~ioe actio~"" 
embedded in sophisticated writ ing strategies. The prompts help .,arne,..; 
think about and reflect on the activities b~ gett ing them to ident ify 9O" Is, 
generate new ideas, -'mprove and elaoorate exist ing ideas, and strive for 
idea cohesion. Students In the procedura l f""ilitation program take turns 
present ing their ideas to the group and deta iling how the~ use prompts in 
piann ing to write. The teacher also mode ls these procedures. Thus, the 
program -'nvol_es mode ling, scaffolding, and taking turns which are 
des>gned to he lp students externa li, e mental eoents in a coI laoorative 
rontext. 

Alan Schoenfeld (1983, 1985, 1991) te""hes heuristic methods for 
m athematical problem sol_ing to college sludents. The methods are 
derived, to some extent, from the problem-solving heuristk:s of Polya 
(1957). Schoenfeld·s program adopts methods sim ilar to reciprOCil I 
teach ing and procedura l facilitation . He te""hes and demonstrates rontrol 
or m anagerial strat"l/ies and m akes expiicit such processes a, generating 
alternative cou rse, of act ion, eoaluating which cou t";e one will t>e able to 
carr; out and whether it can t>e m anaged in the t ime ava il at>te, and 
assessing one·, progress. Again, 



elements of modeling, coaching, and SCilffolding, as well as colfect ive 
prot>lem solv ing and whole·class and sma ll 9rouP discussions, are used. 
Gradua lly, students come to ask sef/· regulatory questions them",lves as 
the te""her lades out . At the end of each 01 the problem·soflling sessions, 
students and teacher altemate in characterizing major themes by 
analyzing what they did and wh~ . The recapitulations Mgh lfght the 
~nera l izable features of the crrt",a l decisions and actions and focus on 
strat"9'" ",ve ls rather than on the specil", solutions (see also WMe and 
Fr_r",kson, 1998). 

An emphasis on met""ogn~ion can enhance man~ programs that u", new 
technologies to introduce students to the inquiry methods and other tools 
that are used by professiona ls in the workpl""e (see ChaOler 8). The 
important role of metacogn~ion lor leaming has ~n demonstrated in the 
context of a "thinkertools" program that lets students run simu lations of 
physics experiment. (WMe and Fr_r",kson, 1996), as we ll as in adding a 
metacogn~ ive component to a computer program <lesigned to he lp college 
students leam biology (Lin and Bielaczyc, in press). The va lue of using 
video to model important metacogn~ i ve leaming procedures has also ~n 
shown to he lp ",arne,.; ana lyze and rel'\ect on mode ls (Bielaczvc et al., 
1995). All of the", strategies en9"~ learne,.; as active part"'ipant. in their 
leaming by focusing the ir attention on crrt",al elements, encouraging 
atlstraction of common themes or proce<lure. (principles), and eva luat ing 
the ir own progress toward unde,.;tanding. 

learning as Transfer from Previous Experiences 

When people think about transfer, ~ "common to th ink f i,.;t about 
learning someth ing and then as",ssing the leame~s abi lities to apply rt to 
something el"'. But even the inrt ial leaming pha", involves transfe, 
becau'" il is based on the know ledge that people bring to any leaming 
srtuation; see Box 3.8. The principle that people learn by using what they 
know to const,uct new undemanding; (see OlaOler 1) can be paraphrased 
as "ali leaming involves transfe, from previous experiences. " Th" principle 
has a number of important implications for educational practice. Fi,.;t, 
students may have knowledge that is relevant to a ",arn ing situation that 
"nol activated. By helping activate th is know ledge, te""he,.; can bu ik! on 
students· strengths. Second, students may m isinterpret new information 
becau'" of previous know ledge they u'" to construct new unde,.;tanding;. 
Th ird, students may have diff>cu~y with part",u~r school teach ing pract",es 
that connict w~h pract",es in their commun~y. This section discus",s the", 
thr"" implications. 



BOX ] .8 Everyday and Forma l Math 

The importance 01 bu ilding on pr<>vious experiences is relevant lor adu~s 
as we ll as chiklren. A m athematics instructor <lescrit>es his rea li",!>on of 
his mothe~s knowledge (Fasheh, 1990:2 1- 22): 

Math was necessary lor my mother in a much more profound and real 
sense than it was for me. Unat>te to read or write, m~ mot her rout inely 
took rectangles of fat>ric and, with new measurements and no patterns, 
cut them and turned them into perfect ly l itted clothing for people ... I 
rea lized that the mathem atics she was using was t>e yond my 
comprehension. Moreover, a~hough m athematics was a sUbject matter 
th at I studied and taught, for her ~ was basic to the operation of her 
undemanding. What she was doing was m ath in the sense that rt 
embodied order, pattern, re lat ions, and measure ment. It was m ath 
t>ecause she was t>reakin9 a whole into smaller parts and const ructing a 
new whole out of most of the pieces, a new whole that had its own style, 
shape, size, and that had to l it a spec~ic person . Mistakes in her m ath 
enta iled practicil l consequences, un li ke mistakes in my m ath. 

Im a9ine Fasheh·s mother enrolling in a cour,;e on form al m athem atics. 
The structure of man~ courses would 'a il to provide the kinds of support 
that could he lp her m ake contact wit h her rich set 01 informal knOW ledge. 
Would the mother·s learn ing of form al m athematics t>e enhanced if ~ 
were connected to this knowledge? The literature on learning and 
transfer suggests that this is an important question to pursue. 

Bul/ding on Exis ting Knowledge 

Ch ildren·s early m athematics knowledge illustrates the t>enelits of helping 
students draw on relev ant knowledge that can serve as a "",rce of 
transler. By the t ime children begin school, most ha.e bu i~ a considerat>te 
knowledge store re le.ant to arithmetic. They have experiences of adding 
and subtract ing numt>ers of items in their e.eryday piay, a~hough thev 
lack the symbolic representations of a dd~ion and subtraction th at are 
taught in school. If ch ildren·s knowledge is tapped and bu i ~ on as teachers 
attempt to teadlthem the lormal operationS 01 addition and subtraction, ~ 
fo; likely that ch iklren will acqu ire a more coherent and thorough 
understanding 01 these processes t han ~ they t aught them as i",lated 
abstract ions. Without specific gu"",nce from teachers, stu<lents m ay fail to 
connect e.e",.day knowledge to subjects taught in school. 



Unde rs tanding Conceptual Change 

Because .,aming involves Iransfer from previo<Js e.per.ences, one's 
e.isting knowledge can also make it di ffku~ to learn new informalion. 
Somet imes new information will "",m incomprehensit>ie to students, but 
th is feeling of confusion can at .,ast .,t them Klent ify the e.istence of a 
prot>lem (""', e.g., Branslord and Johnson, 1972; Dooling and L3Chman, 
1971). A more prot>lematic situation occurs when people construct a 
coherent (for them) representation of information wh ile deeply 
misunderstanding the new inlormation. Under these condilions, the 
learner OOesn't realize that he or she is failing 10 understand. Two 
e.amples of Ihis phenomenon are in O> aOl"[ 1: Fish Is Fish (Lionn i, 
1970), where the r"h listens to the frog's de"'riptions of porople and 
const,ucts its own idiosyncratic images, and a!tempts to he lp ch iidren learn 
that the earth is o;.p/lerica l (Vosn iadou and Brewer, 1989). Ch ildren 's 
interpretations 01 the new information ar~ much different th an what adu~s 
intend. 

The Fish Is Fish ",enario is ,elevant to many additiona l attempts to he lp 
students leam new information. For e.ample, when Mgh "'hool or college 
ph~sics students a,e asked to Klentify the forces boe ing ,,"ertffi on a tIil ll 
th at is thrown vertica ll y up in the air after rt lea "es the hand, man~ 
mention the "force ot the hand" (ClEment, 1982a, b). Th is force is ,,"erted 
only so iong as the tIil ll is in contact with the hand, but is not present 
when the tIil ll is in fiight. Students cla im that this force dim inishes as the 
tIil ll a",ends and is used up by the t ime the tIil ll reaches the top of ~ s 

trajectory. As the tIil ll <Ie",ends, these stu<lents cla im, it " acquires" 
increasing amounts of the gra,, ~ation a l lorce, which resu~s in the tIil ll 
picking up speed as rt fall s back down. This "motion requ ires a force" 
m isconception is qu~~ common among students and is akin to the 
medieva l theory of " impetus" (Hestenes et aI., 1992). These explanations 
fa il to l ake acr:ount of the l act that the only lorces boeing e. erted on Ihe 
tIil ll wh ile ~ is t,ave ling through the air are the grav itationa l force caused 
by the earth and the dr"9 force due to air resistance. (For sim il ar 
e.amples, "'" Mestre, 1994.) 

I n bioklgy, people's knowledge 01 human and an ima l needs for food 
prov"",s an e.ample of how e.ist ing knowledge can m ake it difficu lt to 
un<lerstand new informat ion. A study of how plants make food was 
conducted with stu<lents from elementary "'hool through college. It probed 
un<lerstanding of the role 01 soil and photosynthesis in plan! growth and of 
the primary source of food in green plants (Wan<le.....,." 1983). Although 
students in the higher grades displayed a boetter understanding, students 
from all levelo; displayed severa l misconception" soil is Ihe plants' food; 
plants get their food from the rools and store it in the leaves; and 
chiorophy ll is the plants' t>Iood. Many of the students in this study, 
especially those in the highe, grades, had already studied photosynthesis. 
Yet torma l instruction had done I~t le to overcome the ir erroneous prior 
boe l.,fs. ClEarly, present ing a soph isticated e. planation in ",lence Cia .. , 
w~hout also probing 



for students' preconceptions on the subject, will leave many studen15 with 
incorrect undemanding (lor a review of studies, see Mestre, 1994). 

For young ch ildren, early concepts in mathematOco; guide students' 
allention and thinking (Gelman, 1967; we discuss this more i 
M"'t ch ildren bring to the ir school mathemaHc, Ie,sons the · 
numbers are grounded in the count ing prindples (and related rule, of 
addition and subtraction). This knowledge works we ll during the early years 
of schooling. However, once student, are introduced to rationa l numbers, 
the ir assumptions arout mathematics can hurt the ir abi lities to leam. 

eonsider learning arout fractions. The mathematk:a i principles underly ing 
the numberhood 01 fractions are not consistent with the principles of 
count ing and ch ildren 's idea, that numbers are sets of things that are 
counte<! and addition involv"" "putt ing together" two sets. One cannot 
count things to generate a fraction. Forma ll y, a fr3ction Is define<! a, the 
division of one cardina l number by another: tMs defin ition solves the 
probk>m that there;o; a lack of clos.ure of the integers under division . To 
complk:ate mailers, some number-count ing principles do not am to 
fr3ctions. Riltiona l numbers do not have un>que successors; there is an 
i n~n ite number 01 numbers between any two rationa l numbers. One 
cannot use count ing-base<! afgorithms for sequencing fractions: for 
Hample, 1/4 is not more than 1/2. Neither the nonverba l nor the verba l 
count ing principle maps to a tripartite symbol", representations of tractions 
- two cardina l numbers)( and Y separate<! by a li ne. Relate<! mapping 
probk>ms have been note<! by others (e.g., Behr et al., 1992; Fishbe in et 
al., 19B5; Sil.er et al., 1993). OVera ll , early knowledge of numbers has the 
potent ial to seNe as a barrier to learning arout fractions- and for many 
learners it """s. 

The fact that leamers construct new understandings base<! on their 
current knowledge Mgh l>ghts some of the dangers in "teach ing by te lling. " 
Lectures and other forms of direct instruction can somet imes be very 
usefUl, but only under the right conditions (Schwartz and Bransford, in 
pre,,). Often, students construct understandings li ke those note<! above. 
To counteract these problems, te""hers must strive to make students' 
thinking visibie and f ind ways to he lp them reconceptua llze lau~y 
conceptions. (Strat"!!les lor such teilCh ing are discusse<! in more deta il in 
Chapters li. and 1.) 

Transfer and Cultural Practices 

Prior know ledge is nO! simply the indivi<lual leaming that students bring to 
the classroom, base<! on the ir persona l and i<liosyncratic experiences (e.g., 
some ch ildren will know many things because they have traveled widely or 
because the ir parents have particurar kinds of jot><; some chii<lren may 
have suffere<! a traumatic experience). Prior know ledge is also not only a 
generk set of experlenc"" attributabk> to developmenta l stages through 
whkh learners may have passe<! (i.e., be liev ing that heaven is "up" or that 
m il k comes 



from refr;gerate<! cartons). Prior knowledge also includes the kind of 
knowledge that ",arners acqu ire because of the ir social roles, such as those 
connecte<!w~h raee, cra .. , gender, and their cu~ure and ethnOc affi li ations 
(BrOce·Heath, 1981, 1983; La,e, 1988; Moll and Whitmore, 1993; Moll et 
al., 1993- 1998; Rogoff, 1990, 1998; Saxe, 1990). Th"cu~ura l 
Knowledge can somet imes support and somet imes confiict with ch ildren·, 
",amin9 in schools (Greenf",1d and Suzuki, 1998); see Box 3.9 . 

School fa ilure may tie part ly expla ine<! by the m ism atch tletween what 
students have ",arne<! in their home cu~ures and what is require<! of them 
in schoot (see Al len and Boykin, 1992; Au and Jordan, 1981; Boykin and 
Tom, 1985; ErOckson and Mohatt, 1982). Everyday fam ily habits and 
ritua" can e~her tie reinforce<! or i9nore<! in schools, and they can produce 
different resPOllses from teachers (Heath, 1983). For e"ample, if youn9 
",arners are ne.er aske<! questions at home that seem oboious to some 
fam ilies- ,uch as "What color i, the sky?" or "Where is your nose?" ­
teachers who ask such questions may f ind students re luctant or r"'''tant 
to answer. How teachers interpret th" reticence or resistance has 
consequences for how intell igent or academica l l~ capable they j Udge 
students and the ir Instructiona l awoaches toward them. 

BOX ] .9 Eat ing Pie and Learning Fractions 

Even sma ll differences in cu~ura l knowledge ha,e the potent",1 to affect 
students· ",arn ing. For exa mple, a primary school teacher" he lping 
students to understand fractiona l parts by using what she thinks". 
commonpiace relerence. "Today, we·re going to ta lk aoout cutting up a 
Thanksgiving holiday lavor~e-pumpkin pie. " She cont inues w~h an 
expianation of parts. We ll into her diSCO<.lrse, a young African American 
boy, looking puzzle<!, asks, "What is pumpkin pi.er (Tale, 1994). 

Most Arrican Americans are likely to serve sweet potato pi.e for holiday 
dinners. I n fact, one of the ways that African American parents expia in 
pumpkin pi.e to their ch ildren is to "'Y that ~ is something li ke sweet 
potato pie. For them, sweet potato pi.e "the common referent . hen the 
slight difference of tieing unfamili a, w~h pumpkin pie can serve as. 
SO<.Irce of interference for the student. Rathe, than tie engaged act ively in 
the ",sson, he may have been preocrupie<lw ith try ing to imagine 
pumpkin pie : What doe, it taste li ke? How does ~ sme ll? I s its texture 
chunky li ke apple or cherry pie] I n the m ind of a ch ild, all of these 
questions can become more of the focus than the subject 01 fractions 
that the teacher is allempt ing to teach. 



These differences ha.e the ir roots in early adult- infant interactions (Blake, 
1994)_ Whereas middle-cia" An910 mother>; tend to have frequent 
lan9uage interactions that are focused on didact", namin9 and pointin9 
w~h their in/ants around objects ("Look at that red truck' "), African 
American mother>; show comparable frequency leve ls of lan9uage 
interactions w~h their in/ants, but focuse<l on affective dimensions of 
language (" Isn't that a pretty toy? Doesn ', rt m ake you r",,1 happyr). The 
language that ch ildren bring w~h them to ",hoot involves a broad set of 
skill s rooted in the earl'! context of adu~-ch il<l interactions. What happens 
when the adu~s, peer>;, and contexts change (Suina, 1988; Su ina and 
Smolkin, 1994)? This is an important question that re lates to the transfer 
of learn ing. 

The meanings that are alli>Ched to cu~ural know ledge are important in 
promot ing transfer- that is, in encouraging poeople to use what they have 
leamed. For exam~, story -te lling is a language skill. TOpic-associative ora l 
styles have bun observed among Alrican American ch ildren (Michae ls, 
1961 a,b ; 1986). I n contrast, wh ite ch ildren use a more linear narrative 
styl<> that more ciosely approx im ates the li near expository style of wrrt ing 
and speaking that ",hoois teach ("'" Gee, 1989; Ta ylor and L"", 1987; 
Glzden et al., 1985; L"" and Slaughter-Defoe, 1995). Judgments may be 
made b~ wh ite and bli>Ck teacher. as they listen to these two language 
sty les: wh ite teacher>; find the topic-associative sto';"s hard to follow and 
are much more li kely to infer that the narrator is a iow-i>Chlev ing student; 
black teacher>; are more li kely to positively eva luate the topic-associat ive 
style (cazden, 1968:17). African America n ch ildren who come to o;c/lool 
speaking in a topic-assoc>ative styl<> may be "",n by m any lei>Cher>; as 
having Ie" potent ial for learning. Teacher. can be helpe<l to view different 
cu~ura l backgrounds as strengths 10 be bu i ~ on, rather than as signs of 
"del"'its." 

Transfer Between School and Evervdav Ufe 

We began this chapter by stre"ing that the u~ i mate goa l 01 learn ing is to 
have acce" to information for a 1'1"'" set of pmposes- that the leaming 
will in some way transfer to other circumstances. I n th;'; sense, then, the 
u~ im ate goa l of ",hooling;'; to help students transfer what they have 
leamed in ",hool to everyday settings of home, commun~y, and 
workplace. Since transfer betw""n tasks;'; a funct.", 01 the sim ila rrty by 
transler tasks and leaming experiences, an important strat"9Y for 
enhancing transfer from ",hools to other settings may be to better 
under>;tand the nono;c/lool env ironments in wh",h students must function. 
Since these environments change rapl<lly, it ;.; also important to expiore 
ways to help students devek>p the characteristics of adaptive expertise ("'" 
O> aPler I). 

The question of how prop!<> funct.", in a number 01 practica l settings has 
been examined by m any ",lent;.;ts, including cognrtive anthropologists, 



socioklgists, and psychoklgists (e.9., Lave, 1966; Rogoff, 1990). One major 
contrast tletw","n everyday settings and school en. ironment, is that the 
latter place much more emph.sis on indivKlua l work than most other 
environment< (Resnick, 1987). A stu<ly of navigation on U.S. sh ips fou nd 
that no individua l can pilot the sh ip alone; peopk> must work coll atlorati.ely 
and share their expe rt;..,. More recent studies of coll at>oration confirm it. 
importance. For e.ample, many scient irK discoveries in severa l genetics 
la tloratories invol.e in ·depth collatloration (Dunbar, 1996). Sim ilarly, 
<lec"ionm akin9 in hospita l emergency rooms" distriooted amon9 m any 
different memtlers of the medica l team (Patel et al., 1996). 

A second major contrast tletw""n schools and everyday sett ings" the 
hea....,. use of tools to solve problEms in e"ery<lay sett ings, compare<! with 
"menta l work" in school sett in9s (Resnick, 1987). The u", of tools in 
pr<>ctica l en. ironments he lps peopk> work almost error fr"" (e.9., Cohen, 
1983; Sch llemann and Acioly, 1989; Simon, 1972; "'" also Norman, 
1993). New technologies make it possitlle lor students in schools to u", 
tools very much li ke those used by professiona ls In workplaces (see 
Ch aOler 8). Proficiency with relevant tools may pro.ide a way to enhance 
trans/e, across domains. 

A third contrast tletw""n schools and e"eryday en" iron ments is that 
atlstract reason in9 is often emphaslH<j in school, whereas contextua lized 
re.son in9 is often used in everyday sett ings (Resnick, 1987). Reason in9 
can tie improved when atlstract logica l ar9uments are emtlodfed in concrete 
conte. ts (see Wason and Johnson·La ird, 1972). A we ll· known study of 
peopte in a Weight Walchers program pro"jdes sim ilar insights into 
everyday prot>IEm sol" in9 ("'" Lave et aI., 1984). One e.ampk> is of a man 
who ne<>de<l thr",,·fourths of two·th irds of a cup of cott"9" ch""", to 
create a dish he was cookin9. He did not attempt to multiply the fractions 
as students would do in a school conte.t . Instead, he measured two·thirds 
of a cup of cottage ch"""" remo"ed that amount from the me.surin9 cup 
and then patted the ch""", into a round shape, di.ide<! it into quarters, 
and used thr"" of the quarters; "'" Box 3. 10 . Atlstract ar~hmetic was 
never used. I n sim ila r e.ampk>s of conte. tua lized reason in9, da iry worker< 
u'" knowledge, such as the size 01 m il k cases, to make the ir computationa l 
work more efficient (Scriooer, 1984); 9rocery store shoppers u'" 
nonschool mathematics under stan<lard supermarket and simulated 
conditions (La"e, 1986); "'" Box 3.11 . 

There are potentia l prot>IEms with conte. tua lized reasonin9, which are 
sim ilar to those associated with overly contextua li zed knowledge in 
general. The "pat it out" strateg; used for cott"9" ch""", works in only a 
narrow range of situations; the man wouid ha"e difficu~y if he were tryin9 
to measure molasses or other liquids rather than cott"9" ch""'" 
(W ineoor9, 1969a, b; "'" also Bereiter, 1997). Co<JId he generate" new 
strategy for molas",s or other liquids' The answer to this question depends 
OIl the <legr"" to which he can relate h" procedure 10 more genera l ",ts of 
solution strategies. 



BOX 3.10 The Cotta-ge Cheese Prot>lem 

How can you (jel J.l4 cf 213 cup cf CO!ta\l8 cheesel ... 
S<:hool M.u.. .... tIco Stnt*gv 
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BOX 3. 11 Three Solutions 10 Ihe Best-!I<JV Problem 
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Ana l~"" of every""V env ironments ha"e potent ia l implications for 
education that are Inlr>guing but need to tie thought through and 
re",arched carefu lly. There are many appea ling strengths to the idea that 
learn ing shouk! tie organized around authentic prot>lems and projects that 
are frequentty encountered in nonschool ",tt ing" in John Dewey·s vision, 
· School shouk! tie Ie" aoout preparation for life and more li ke life ~"'~ .• 
The u", of problem· tlased learn ing in medica l schools is an exce llent 
example of the tlene!its of kloking at what people need to do once they 
graduate and then craft ing educationa l experiences that best prepare them 
for the", competencies (Barrows, 1965). Opportunrtles to en9"ge in 
prot>lem· tlased learn ing during the f irst year 01 medica l school lead to a 
9reater abi lity to diagnose and understand medica l prot>lems than do 
opportun~les to learn in typicil i leclure· tlased medica l courses (Hmeio, 
1995). Allempts to maKe schooling more relevant to the subo;.equent 
worl<place have also guided the u'" of ca",· tlased learn ing in busine" 
schoots, la w schools, and schoots that teach educationa l leadersh ip 
(H allingeret al., 1993; Williams, 1992). 

The transfer literature also high lights some of the potent ial li m~ ations o! 
learning in particu lar contexts. Simply leamingto perform procedures, and 
learning in only a single context, does not promote nexit>le transfer. The 
transfer I ~erature suggests that the most effect ive transfer mav come 
from a tla lance of specific .. amples and genera l principles, not from erther 
one alone. 

Summarv and Conclusion 

A major goa l of schooling is to prepare students for ~exi t>le adaptation to 
new prot>lems and "'tting;. The abi lity 01 students to transfer pro"ides an 
important in<lex of learn ing that can help teachers e"a luate and improve 
the ir instruction. Manv apprOilches to instruction iook equivalent when the 
only measure 01 learning "memory for information that was specifICa lly 
pre",nted. I nstructional differences t>ecome more apparent when 
eva luated from the perspect ive of how well the learn ingtranslers to new 
problems and "'tt ing;. 

Severa l crrtlcalleatures 01 learning affect people's abi lities to transfer what 
they have learned. The amount and kind of inrt ial learn ing is a key 
determinant of the deveiopment of expert i'" and the ability to transler 
know ledge. Students are mot ivated to spend the t ime needed to learn 
complex sUbjects and to soflle problems that they f ind interesting. 
Opportunrtles to use knowledge to create products and tlenefits for others 
are particu",rl~ mot ivat ing for students. 

Wh ile t ime on task is necesSilry for learning, rt ts not sufficient for effect ive 
learning. lime spent leaming for understanding has different con"'quences 
for transfer than t ime spent simply memorizing/acts or procedures 



Irom texttlooks or fectures. I n order lor ",amers to gain insight into their 
leaming and their understanding. frequent feedt>a<:k is critical , students 
need to mon itor the ir learn ing and actioely eva luate their strategies and 
their current leoels of understanding. 

The context in which one ",ams is also important lor promot ing transfer. 
Know ledge that is taught in onlV a single context is less li kely to support 
flexitlfe transl., than knowledge that is taught in mu~ i ple contexts. With 
mu~ i ple conte xts. students are more like ly to abstract the relevant 
features of concepts and develop a more flexi tlfe representation of 
know ledge. The use of we ll -chosen contrast ing cases can he lp students 
learn the conditions under which new know ledge is applicat>le. Abstract 
representations of prot>lems can also facilitate transfer. Transfer between 
tasks is related to the <legree to which they share common el<>ments. 
although the concept of el<>ments must be defined cogn~iv~ly . I n as""sing 
learn ing. the key Is increased speed of leaming the concepts underly ing the 
new material . rather than early performance attempts in a new subject 
domain. 

All new leaming involves transfer. Previous knowledge can he lp or hinder 
the understanding of new information. For exa mple. knowledge of 
everyday count ing·based arithmetic can make it difflCu~ to dea l with 
rationa l numbers; assumptions based on everyday ph~sica l experiences 
(e.g .• wa lking upright on a "",mingly nat earth) can make it difflCu~ for 
leamers to understand concepts in astronomy and physico; and so forth . 
TeilChers can he lp students change the ir .,,;gina l conceptions by he lping 
students make thei, thinking visitlfe so that misconceptions can be 
correcte<! and so that students can be encouraged to th ink beyond the 
specific probl<>m or to think about oariat ions on the prot>lem. One aspect of 
preoious knowledge that is extreme ly important for understanding learn ing 
is cu~ural practices that support learners· prior knOWledge. Effective 
teaching supports posit ioe transfe, by act ively Ident ify ing the rel<>oant 
knowledge and strengths that students bring to a learn ing situation and 
tlu ilding on them. 

Transfe,lrom school to everyday eno ironments is the u~imate purpose of 
school·based learn ing. An ana lysis 01 everyday env ironments provides 
opportun~les to rethink school practiceS in order to bring them into 
alignment with the requ irements of everyday env ironments. But it is 
important to a"otd instruction that is ooerfy dependent on context. He lping 
learners choose. adapt. and invent tools for solv ing prot>lems fs one way to 
facilitate transfer wh ile also encouraging flexibi lit y. 

Fina lly. a metacogn~ioe approach to teach ing can increase transfer by 
he lping students learn about themselves as I<>arners in the context of 
acqu iring content knOWledge. One characteristic of experts is an abi lity to 
mon itor and regUlate their own understanding in ways that aliows them to 
keep learning adaptioe expe rtise, this is an important model for students to 
emu late. 



4, 
How Children Learn 

Ch ildren differ from "du~ leamer< in m"n~ way', but the,e"re also 
surprising rommon. liti5 across learners of all ages. I n this chapter we 
provide <;ome insights into ch ild,en as .,"mer<. A study of young chikl,en 
lu lf ill s 11'10 purposes: ~ ill ustrates the strengths and weakne,,,", of the 
Ie"me" who populate the "ohoo ', schools. and it offe". window into the 
development olleaming that cannot t>e seEn if one ronsiders on ly we ll­
e,lat>lis.he<llearning patte,ns and expertise. I n study ing the development 
of eMil'''", an ot>serve, get5. dynamic piau,e of learn ing unfolding 0"'" 
time. A fresh unde,..;tanding 01 infant cognition and of how young ch ild,e" 
from 2 to 5 yea" old oo ild on that "arty ,tart arso sheds new Ifght on how 
to ease their Iran,ition inlo forma l school sett ings. 

Infants' Capabilities 

Theories 

11 was once commonly thought that infants lack the abi lity to form 
complex "",a5. For much of this century, most psychologists accepted the 
trad~ional thesis that a newOOrn·s mind is a biank slate ((aooid ras.t) on 
wMch the record of experience;'; gradua ll v imPl"esse<l. It was further 
thought that languall";o; an obvious Pl"er"'lu;o;ite lor abstract thought and 
that, in its absence, a tlaby coufd not have knOW ledge. Since tlabie, are 
oorn w ith a l i m~ed repertoire of t>ehaviot"'; and spend most of their eartv 
months aslEep, theV certa inlv appear passive and unknowing. Unt il 
r"",ntlv, there was no obvious way for them to demonstrate otherwise. 

But cha llenges to tMs view arose. It became clear that with carefu ll y 
des>gned methods, one coufd ~nd ways to pose rather complex question5 
at>out what infants and young ch ifdren know and can 00. Armed with new 
methodologieS, PSvchologists began to accumu late a substantia l body of 
data at>out the remarkat>te abi lities that voung ch ildren possess that stands 
in stark contrast to the o"",r emphases on what theV lacked. It is now 
known that very voung ch ifdren are competent, active agents of their own 
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