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Teaching by Fostering Problem-Solving
Strategies

Chapter Outline

Can Problem-Solving Skills Be Taught?

What Makes an Effective Problem-Solving Program?
Productive Thinking Program

[nstrumental Enrichment

Project Intelligence

'he Case for Improving Problem-Solving Skills Instruction

Chapter Summary



This chapter examines whether students can be taught strategies that help them become more
effective problem solvers. | begin by establishing four criteria for effective problem-solving pro-
grams. Then, | examine three school-based projects aimed at boosting students’ problem-solving

<kills. The research encourages continuing work on identifying the teachable aspects of problem-

solving transfer.
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| v _ ) teach ﬁ_,f;__a:fv.o_/,:_% skalls. In the

NEXUsection, 1 establ
problem-solving strategies.

ish four cntera for teaching

An important goal of most educational institutions is _:m improvement of the humap

mind, But what cz_f,:«, does 1t mean to improve someones mind? One Interpretauon is

that students should become more effecuve problem solvers: We want students, whep

: faced with a new problem, to be able to figure out an appropriate solution. For example,
| alter studying basic anthmetic, a fourth-grade stude

Maher, 1997 p. 106)

E What Makes an Effective Problem-Solving Program?

Nt 1s asked the following (Davis &

Consider the following scenario. The president of your country has announced a n

ational

goal of ensuring that all children who enter school as kindergartners are intellectually
How many dufferent pizzas can be made if every pizza has cheese, but to this you can add ready to learn. Your country stands ready 10 spend billons of dollars over the ensuing
whichever of the following toppings you wish and 1n any combination you wish: years to increase the intellectual ability of needy preschoolers. Suppose you are appointed
green peppers 1o a government board charged with designing an educational program to improve chil-
sausage dren’s intellectual ability What would you do?
mushrooms
pepperony

As you probably suspect, this scenario is not made up. In 1965, the United States miti-
ated a national program called Head Start, which sought to mprove the ::a:,?:_.__ func-
tioning of preschool children living in poverty. For the next 35 years, Head Start became
“the most important social and educational experiment of the second half of the twentieth
century” (Zigler & Muenchow, 1992, p. 2). One of the founding goals of Head Start was to

; 1f you have not yet learned the formula for computing the number of combinations, this
problem requires creative problem solving
As another example, after study

Ing a science |
grade student 1s gy

esson on heat and temperature, an eighth-
en the following problem (a

dapted from Linn & Hsi, 2000, p. 143)

“improve the child's mental processes” (p. 20), and Increases in Eﬁm___mm:nd test scores
became the main objective for demonstratng success Today, Head Start remains an impor-
Which container would be best for kee mg so e J tant national commitment, but one that could benefit from research and theory in meaning-
Pmg soup hot—a large bowl 1l bowl? L na
! 8¢ bowl or a small bowl? . Zigler & Muenchow, 1992). Throughout
— ful learning (Caruso, Taylor, & Detterman, 1982; Zigler & ! 4 s 23 ail sl e
.:3_ fow M:a wrwﬂwwmwwﬂh requires creatvely using whag you know about the concept of its history and continuing into the 21st century, the goal H._mzrz_:wnwwm upmﬁv i M: e
2 aung % X - , q ye)
Asa il exammgle EQNN%EE& of various materials America will start school ready to learn” (Zigler & ?En:.n ow, | Ahmmcm o _wxm b 51
ot Emr .#.:oo_ = wwsm International diplomacy nvolving social, political, and charge, what would you do to “improve mntellectual functioning e s w.‘ 10 a‘mm, S5
s NS were asked (o grapple with the following problem First, you might wonder whether intellectual ?:p:nma:mmm (1998) Ni._o has been
; ing news comes from rlynn »
In 1492 there wac - N actually be improved. Some promising ’ & oo
_nnazss”_ Mwm,wwww%auoé that all Jews he expelled from Spain The (wo monarchs, Smnfsw 1Q mn%dw in 20 industrialized countries around the world. m_«dswﬁ_ﬂh__mﬂww
o a“:%m an,:.w. M_(Mc Mm_ Columbus on his V0yage. were very strong Catholics. Spain called the Flynn effect, is that “IQ scores have Uom:::m_:m for most M; EMGW wcwwéaiv_n
il a_:.n o g W i ,ﬂ” _.M,m“ different ethyc groups, different polincal groups every country for which pertinent data are available ﬁZM:Wan_ NWOMQW T as n.o::vl..
o - SOUNY. As a way of unfy, . ¢ in the United States inc ¥
Spain tell al the Jews they hyq ’ YN the country, it was proposed that from 1918 10 1995, the average 1Q score Aronmen-
) our months |, , : . at “somewhere out there environ
for good There was a Jewish man Named >7M—m=rm_« nﬂ:(n: 1@ Catholicism or leave span almost two standard dewviations. ﬂvﬁ: ronn_cmﬂwﬁw_mmqmzowm,, {p 53). Martinez _u_,ciamm
Queen. He was suppoge anel who was an advisor (o the King and ; tency are creating : o ;
from Spaim (o PPosed 10 advise them on Wwhat 1o do about (s | m_u, he Jews tal variables of enormous po ducational experience can have a marked effect on people’s
had b a8ine that you are Abrabanel Thyp . b e additional data showing that educa eans of cultivating human intelligence
1ad been asked for advice. (Torney-Pyny, 1904 u:c:_ what you would have done if you 1Q scores, and he therefore sees education as a means ¢ mwmn._rom:w.  impring et
) . p 111) » @ g »nal program aime ) ;
| fy to design an instructio e to teach, where
ﬂ In solving this problen < If you ,Smra.a gn d need to make some decisions about what to te i
well 2s the < students mugy yge wh ; Intellectual ability, you would nee four issues are summanzed in Figure 12
> the social. politicy] < 3t they know about re] inorities 8 J y teach. These touris snsense principles for
Being able (g < " »and econom,e climate of b t religious m to teach, how to teach, and when tc % begin with some commonsense principles
mind In wc_::mu”u:,m Problems sych as these can U% Mu«:oa. ducated To help you in your decision process, Mn.; n_m s (Mayer, 1997, p 480) Please rate your
fiese prob < taken as an educd blem solvers {¥d) ' ongly disagree) 10 7
answer, {he studen :%a lems the studeny Needs 1o o . tadicarice o ac ber an how to teach students to be better pro by circling a number from 1 (strongly disagree) 10/
students’ mynds prom oo wa CTeale a noye| solution ar: e amzeiyply pormeis ng degree of agreement with each statement by &
Th i PLs the quegy, v - “Ne educational goal of improvi”®
?ww_nn::”vﬁﬂ explores (he Question om of whethe; v_\ozma.wor::m mrm_m can be taught (strongly agree).
SOIVers?” Mog ' 1 possible 1q 1 ef
Mote transfer, b, St of the chap € 10 teach oy students to become bett

tthis chapy LTS in thig book

€1 takes 5 more diye
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FIGURE 12-1
Four issues for
thinking skills
programs

432 sectign I

Stuction

T L

AR K

Issue Alternatives

1. What to teach Thinking as a single intellectual ability versus thinking as a
collection of smaller component skills

5 Wheretoteach  In general, domain-independent courses or within exist-
ing, specific subject areas.

3. How to teach Focus on product through rewarding correct answers ver-
sus focus on processes that the student learns to model
4. When to teach After basic skills are mastered versus before.

L

Source: Adapted from Mayer, R E. (1997), Incorporating problem solving into secondary school curricula, In

G D. Phye (Ed), Handbook of academic learning (pp. 474-492), San Diego, CA- Acad Pr
© 1997, with permission from Elsevier. il ) €90 cadernic Press, Copyright

2. Like any other academic subject, problem-solving courses should be required
for all students. The general skills students learn in a problem-solving course will
be useful in their problem solving in other academic subjects rangin: m:.
language arts 10 mathematics to science to histor sneom
(disagree) 1 2 3 :

3. Like the traiming of any skall (agres)
solver is through regular me eXere *bewer problet
E%: ANSWEr 10 exercise problems AR poaaie i gving the
(disagree) 1 2 3 4 5 6 7

Students cannot learn ghyg

out higher-ord

lower-level basic skills For example mhh_.?:r_:m s

tons until they know how 1o spell u.zm et

math word problems y
1

-

; nnot solve complex
(disagree astered b, P
= gree) 3 3 4 ; mo!n anthmenc procedures
! €3¢ Principles seem 10 square wyy 7 (agree)
oW 1o mprove stude: Conventiong

nts intellectyal I wisdom ang pro

vant research ang he, Vide a prescription for

they conflict with rele-

oy (Mayer, 1997)

: ability ang you believe
SLyour brain worked or
Peed of mental functioning

you could test people on reaction time tasks, such as pressing a button as soon as a light
mvmnmqma. To measure sensitivity, you could ask people to hold two weights and decide
which was heavier Galton (1883) was the first to propose that intellectual functioning
depended on a single mental ability (which he called the human faculty) and to devise
clever ways to measure it. Yet subsequent research showed that his tests failed 10 correlate
with any vSn:n& measures of intellectual ability such as school grades (Sternberg, 1990)

In contrast, suppose that you are asked to devise a test that would predict school suc-
cess so that students with potential learning problems could be given special assistance 1
you see intellectual ability as reflected in possessing a collection of smaller. component
skills, the test should focus on many small skills. In response to just such a call from the
French Ministry of Educaton, Binet (1911/1962) was the first to propose that intellectual
ability—at least the ability to learn—depended on possessing many smaller skills and to
show how such skills can be measured. For example, based on his studies of individual
differences among French school students, Binet offered one of the first arguments for the
cognitive skills theory:

Intelligence 1s not a sstmple indwisible function with a particular essence of itsown  but. it
is formed by the combination of all the minor functions all of which have proved to be
plastic and subject to increase. With practice, enthusiasm. and especially with method, one
can succeed in increasing ones attention, memory, and judgment, and m becoming literally
more intelligent than before, and this process will go on unul one reaches one’s limit (p. 150)

Binet even devised a series of exercises that he called mental orthopedics: “In the same way
that physical orthopedics straightens a crooked spine. mental orthopedics strengthens,
cultivates, and fortifies attention, memory, perception, judgment, and will” (p 150}
Unlike Galton’s tests, Binet’s tests did correlate—although not perfectly—with school
success.

If you accept Binets assertions that intellectual performance 1s based on small intellec-
tual skills that can be identified and taught, the next task becomes one of trying to better
describe these skills. In his theory of multiple mnteliigences, for example, Gardner (1983,
1999) proposed a collection of intellectual skills, including linguistic intelligence, musical
Intelligence, logical-mathematcal intelligence, spaual intelligence, bodily-kinesthenc
intelligence, and personal intelligence. Suppose we wish to dig deeper and ask, “Can mntel-
lectual performance within any of these domains be analyzed into component processes?”
Mayer (1992b) has shown that there are two major kinds of cognitive processing

L. Representational processes—Ior building a coherent and useful internal representa-
tion of the problem.
2. Solution processes—for creating, carrying out, and monitoring a plan

The specific representational and solution processes may depend on the speaific intellec-
tual task.

Using a cognitive approach, problem-solving courses can teach strategies for representing
Problems ang searching for solutions Some suggestions for representational strategies are
1o relate the problem to a previous problem, restate the problem in other words, and draw
a picture or diagram. Some suggestions for searching include working from the goal to the

o
Bivens, breaking the problem into subgeals, and only making moves that solve a particular
w:dec_u_ww:
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- { T e OBk
Polya’s Teaching of Problem Solving Polyas (1945, 1965) program for teaching problem :n:.nmc.w%wvm .
solving has influenced the development of many more recent programs. For example, wwov_ﬁw, mﬁ_i:u PROBLEM
Polya’s (1965) observauons of high school mathematics students led him to emphasize ind the vol [ the f M :
techniques for representing and planning problem solutions Find the volume of the frustum of a right pyramid with a square base, given the
height of the frustum, the length of a side of its upper base, and the length of a
P wish to call heunstics . the study of the means and methods of problem solving lam side of its lower base
trying, by all means at my disposal. to entice the reader to do problems and to think about
the means and methods he uses in doing them What is presented here are not merely
solutions but case histories of solutions Such a case history describes the sequence of
essential steps by which the solution has been eventually discovered, and tries to disclose the
motives and attitudes prompting these steps. The aim 15 to suggest some general advice
or pattern which may guide the reader in similar situations (p 8) STEP 1: Understand the Problem.
In short, Poly d that students should be asked to solve probl d to obserw What Is Given? erb
, Polya argued that students should be asked to solve problems and to observe length of the upper base, the length of the lower base
others solve problems, with the emphasis on the process of problem solving rather than The height, the leng
on the final answer Some of the heuristics suggested by Polya are to find a related What Is Unknown? a  a=upperbase
problem that you can soive, break down the problem into smaller parts, and draw a The volume of the frustum. % b = lower base
picture of the vacr_mq: h = height
In his classic little book How to Selve It, Polya (1945) offered the following four-step STEP 2: Devise a Plan.
general procedure {or solving problems, especially mathematics problems Is There a Related Problem? b owm__._& s
1 Understand the problem. The problem solver must see what is given, what 1s The volume of a nght pyram!
unknown, and what operations are allowed. In short, the problem solver must
represent the problem (base)? X (height)
2. Dewise a plan. The problem solver must determine a general course of attack, such Volume = \I||\|\u\|\||\|
as restating the problem so that it 1s more hike a familiar problem ? + <mall pyramid
3. Carry out the plan. The problem solver must carry out the computations and other Can You Restate the Q:w:zi:..saa minus the volume of the small py
needed operations Find the volume of the large py
4. Look back. The problem solver looks over the processes he or she went through,
trying to see how this experience can be helpful in solving other problems small Large
pyramid pyramid
Figure 12-2 provides an example of how these four steps can be applied to the problem of
finding the volume of the frustum of a nght pyramid
Although Polyas ideas have been highly influential, especially among some mathema®”
ics educators, you might wonder whether there 1s any evidence that Eozma.mo_«,_ﬁm
heunstics (or skills) can be taught. To help answer that question, Schoenfeld (1979) 1aU8 he Plan.
« for mathem: : . , was STEP 3: Carry Outt
heunistics for mathematical problem solving to college students. The trained groupP 4 oramid
given a 5-problem pretest, training on how to solve 20 example problems, and :R:nw Calculate volume of gmw__@w.aaa
S-problem postiest. The trained group was given a list and description of heunstics: mcg. Calculate volume of sma _Wa first
as partially shown in Figure 12-3. Then. in each session all the problems were solvable b Subtract the second from & uhals
the same heunistic, and subjects were explicitly told which heuristc to apply to the v_.owm | Back. plems, such @ Find &
lems. The control group received the same pretest, the same 20 example problems, ms.n: { STEP 4: Loo led to othef probiem
p . ist © be appl! nd outside
same postiest as the trained group. However, the control group was not given 2 This techmque car o the inside an
heuristics, and the problems in each session were not all solvable by the same rm::m:neT donut, given the radius
The results showed that the trained group increased from an average score of N.O& MRQ suateges 435
rect on the pretest to 65% on the postiest, whereas the control group averaged 25% nc~ s 1968) copeid problem-Schn8
on both tests. Although the sample size was small in this study, the results suggest tha Adapted from Polya 5 Teaching &Y
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- a chagram if at all possible

~N. mﬂﬂ”.uﬂ ..,ﬂ nteger s,,:_maﬁﬁ. look for an 5&::% argument

3. Consider argung by contrapositive or contradiction .
Contraposttive: nstead of proving the statement “If X 1s true, then Y1s w_.dm. you
can prove the equivalent statement “1f Y 1s false, then X must be false
Contradiction: Assume., for the sake of argument, that the statement you would
like to prove is false. Using this assumption, go on to prove either that one of
the given conditions in the problem 15 false, that something you know to be
true 1s false, or that what you wish to prove 1s true. If you can do any of these,
you have proved what you want

4 Consider a similar problem with fewer vanables

5. Try to establish subgoals

Source. Adapted from Schoenfeld, A H. (1979). Expl

ait heunsstic training as a variable in problem solving
performance. Journal for Research in Mathematics Ed

ucaton, 10, 173-187.

possible to idenufy teachable aspects of problem solv

b ing—in this case, some Polya-like
eunistics within the domain of mathematics

Criterion 1: Teach Compo i
e T ponent Skills With respect to the issue of what to teach, |
) ¢ current research base 1o favor teaching of ¢
Bitrgl mas ) g of component skills rather than
Moo e m : gle monolithic ability. For example, problem solving can be broken down
_uaim_s:m,_u_ ua R?n_umzs__o:p_ or solution strategies that can be taught. Training in
ving involves te dents :
s the compo . i ;
The perticnlsr 1a ! ponent processes in problem solving
EEWQ matter _,“wﬂ,m., problem-solving strategies (or skills) tends 10 vary awvm:aim on the
i e problems to be solved 1cations for the des {a problem
TOgr! 2 ; ¢ 1gn ol a v
qummw:m:%um_““ mM_m.z,:: bt of the o should be am:m:m_u_n M__c:w e
Plans Suboca ,—_sm problems, including skills for planning and monitoring one’
- eCLI0] S Cha
ons of this chapter explore some of the specific content of problem-

aching st

The impl
mc_.f.—Sﬁ ﬂﬂom;:ﬂm

WHERE SHOULD PROBLEM

gence as S
survey, the second .

or specific. The ypg

..woz_zo STRATEGIES BE TAUGHT?
1ssue pc:nm_._s_mn “_.:MM:@B_ As reflected in the second 1tem n my

: ¢t problem-soly
tructional implication o Problem solving strategies are general

taught as 3 semy; N Conge
arale cerns w
pinpointed _:Mvu:: al course or within specif, hether problem solving should be
a = ] 1
devise a solunign p) S—such as ho ¢ subject areas. Thus, once we have
an—g w = y
expect students Su__m should we teqqh these a5 10 represent a problem or how 1©
vanety of tasks, o mrsﬂ:_%nss_ ?or_n:,.wc_,w_:m ﬂm.w:mqw_ or specific skills? Should we
i ' ould we e fateg; . €
strategies 1o problems like _rwxvnz students 1 vm.lc:wmw that can be applied w0 2 E_m.
10 teach studeng % 0S¢ given in Uraining? Fo . well mainly on applying spectiic
You teach this g , mﬁzsw mﬂm;mw SUch as o, HSUQDEEP suppose that your momuw
© T Eeneral sk i, " 10 break a pp, Shoul
: o hou
Instruction A Separate Jesq, Py e pats >

n g
M general problem solving. ©F

should you teach how to break down a math problem into parts (during mathematics
instruction), how to break a composition into its parts (during language nstruction), how
to analyze a historical problem (during history instruction), and so on?

Early research on intelligence testing addressed the issue of whether intellectual ability
is general or specific. Consider the following situation: You give a large battery of cognitive
tests to a large group of people 1f intelligence is general, tests measuring the same skill—
such as memory or learning—should correlate with one another: That 1s, people who score
high on one memory test should tend to score high on other memory tests, people who
score high on one learning test should score high on other learning tests, and so on
Spearman (1927) found some evidence that all the tests correlated with one another, so he
took this as evidence for general aspects of intelligence (which he called g-factors). He also
found that certain clusters of tests correlated particularly well, so he ook this as evidence
for specific aspects of intelligence (which he called s-factors). Later, 4.:5‘203.:83
repeated this kind of study using more sophisticated statistical analyses. This time, he
found evidence for only seven primary mental abiliies For example. tests of mathematical
thinking measured something different from tests of verbal thinking. These results suggest
that intellectual ability may be domain specific—that is, cogniuve skills that are useful in
one subject area (such as being able to plan an essay) may not have much in common with
cognitive skills used in an unrelated subject area (such as being able to plan a solution to a
math word problem).

What Experts Know What does it take to be an experi in some :«E.lmw:ﬁmm :Mﬂ%_
ability or specific cognitive skills? This question was addressed in a n‘Em..mF mﬂ.ca_v V n_
Groot (1965) in which he compared the cognitive functioming of chess experts m:.F
novices. If chess expertise is a general skill, you can expect experts to nﬁ?:.: better J:w.:
novices on all kinds of memory tests. In contrast, de Groot found that experts and novices
performed at similar levels om standard memory tests, however, experts wc___xicqan_m
novices on remembering the position of chess pieces on the vow:.m of an ..JEMM mu:%#h
short, experts performed well on domain-specific tests al SmEoJiREnS,: mq“ Mz_na-
positions from real games—but not on domain-general tests of Emﬂzoa. Mcr. e
bering a list of words. In fact, novices and experts even i ca_‘amf.w%_rn. board
remembering the position of chess pieces that had been v‘_uﬁi ﬂ.: .oB ¥ ..:S:,‘ .

(Chase & Simon, 1973). Apparently, experts developed skill in how TMJ:# ok m_“mammv
pieces into meaningful clusters, effectively increasing :iw ﬁwaocreﬁ,on :_,:ﬁm. skills
These results suggest that expertise 1s highly domain specific; _: ,mmﬂ VnM_:mmﬂ domains
needed for cognition in one domain (such as chess) are B Ew. *: Chapter 1, tells
Thorndike’s research on the ?ozmam with mnzma_ transfer, discussed in Chap L tells
a similar story.

i ‘here to teach is
Criterion 2: Teach Within Specific Domains Overall, the question &_; here 1« LMADS .
: .ret the research base to lavor embedding
sull somewhat controversial, but 1 interpret t ;
‘ X s = ise, and on
Instruction within specific domans Research on intelligence tesuing, on »xvﬂnﬂ o eat
’ es s learn on problem-
cross-discipline transfer all suggest thatit1s best o have u:am:r,«_»mw“ﬂ fﬂﬁ il
tasks that are similar to the tasks they will be n.zwmima iy ﬁ_”—. ‘t E.Q“ such as solving
i .olve problems In one subjec ; E ;
convincing evidence that learning to soive pre ared. s -
: 51N ¢ er subject area, such as
logic wqosm—mam has a strong effect on solving problems in another subj
; strong e
Wwnting persuasive essays (Mayer, 1992b)
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HOW SHOULD PROBLEM-SOLVING SKILLS BE TAUGHT?

Process Versus Product The third question in the survey you took at the Umm::::m of
tis chapter concemns the issue of how to teach—by focusing on giving students practice in

producing the right answer or in helping students understand the process of successiul
problem solving Once a set of problem-solving skills has been wdenuified, the next issue
concerns how to teach these skills 1o students

“We should be teaching students how to
think; instead we are primanly te

aching them what to think.” So asserts Lochhead (1979,
p. 1) in the introduction to the book he wrote with John Clement. Cognitive Process
Instruction. What Lochhead and others are saying is that teachers are emphasizing product
(Le., getting the nght answer) instead of process (ie., how to £0 about solving problems).
Bloom and Broder's Teaching of Problem Solving In one of the first ¢
studies on teaching of problem solving, Bloom angd Broder (1950)
improve the problem-solving performance of college students
The umversity required thay students pass a series of ¢
mmatter areas. As you might €Xpect, some students (calleg “model students™
well on the exams. 1 contrast, other students (called
motivated, studied just as hard. and scored just as
students were unable o pass the ex;

equivalent in ability, know

skal

xperimental research
carried out a program to
at the Unuversity of Chicago
omprehensive examinations m subject

performed quute
“remedial students™ who were just as

high in scholastic aputude as the model
ams. Although the model and remedial students seemed

» and motivation, the remedial students apparently lacked
¢ Questions. Thus, Bloom

and Broder sought to develop a
femedial students thipk like the model students for exam

ledge

Is necessary to answer th
training program (g help the
questions

In aﬁﬁﬁ::ﬁm what 10 teach, Bloom and Bro,

der (1950) disinguished between
Product of problem solving—whether the

student prodyced

Process of problem solving—ihe thought process that a pe

the correct answer, and

TSon engages n.
Figure 12-4 shows

S exar 'm ,

As you can see, although the syuqe ™ Problem ang (ke answers given by three students
ol how they genery _ €S generated the same final answer, their descriptions
. Y 8 Tare quite diffe Bl
traming program for Temedial stygey ey -
solving st Tategies raih
In %F,::.:En h

N economie

ted the angye

s sy om and Broder decided that the
(811} ~
ey _Tus on re Ocus on

einforcing sy e the reaching of useful problem-
; W10 teach, Blogp, and onus for CMitting correct answers
compare their solyyon, strate .
aloud proc

81ES With thoge roder (1950) deaided 10 let remedhal students
edure, remejq) slude used by the model students Using a thinking-
problem, ang Model studenyg 4, NS Were asked describe their (b sught process for 3
mﬂ.ﬂﬂw_:_r;n: __rﬁ Temeda) éﬂmﬂf f.? ask wc::m their thought mqawp.mm_r: the sam¢
: € probley , v asked 1o . ) they
Figure Z:.wvmrssmﬂ ._gm“_,,”gmefﬁ._cda Mode} m._:%.:hmw_ﬁﬂaa,:n2:2..1 7»._21_& _acﬁ_:_ﬂ_v:
gies and thoge of Werences ¢d the problem. For exa
Cognitive 5

3 1 al « . -
- 23:9_ Stude tmode] _zﬁ_ al studeng found between their strat®

¢ . I-base
oeahi Pased Taining is similar in some

< 10 —._?
h , ways |
_d.::ﬂ_ N Chaprer |5
ENLS were :
gie WO piven 10 1 L2 aining sessions
s : _.An.
10 those of models. Students who ,:i
{8 y .
.r.ﬂ_,_._zf highe, on the exam and expre i
et gy and background who were
vv:_ o / Ky _E.:n
able 1o influence problem-s2

more se|f
BIVEN trainin
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FIGURE 12-4
How three students
solved the inflation
problem

PROBLEM

Some economists feel that there is danger of an extreme inf]
the war. 1t 1s the opinion of such economsts th,

the boom in order to prevent
market crash of 1920

ationary boom after
at the government should control
a depression such as the one following the stock-
Determine whether each of the following specific suggestions would be conststent
with the policy of controlling the boom or is directly inconsistent with the policy
26 Lower the reserve that banks are required to hold aganst deposits

27. Reduce taxes considerably.

28. Encourage the federal reserve banks to buy securities in the

open market.
MARY’S ANSWER

Mary W. (Score 2): (Read the statements and the directions.)

(Read 1tem 26.) “Look down to see what I'm supposed to do.”

(Reread the statements and the directions ) “Not quite sure what I'm doing
(Reread the statements and the directions for the third time )

(Reread wem 26.) “Not sure of this, 50 on to second one.”

(Read item 27)) “Say inconsistent, because if there is inflationary boom, if
people make more money, taxes have to keep up with it to take away the money
so they can't spend it." .

(Read 1tem 28)) “Trying to figure out what bearing that had exactly

(Reread item 26) “I'm a time waster, say 26 would be consistent—no. that

I know, banks have reserve—idea is to get people to deposit as much as
possible—not answer 28 °

(Reread item 28.) “Say inconsistent, | feel it is

ses “leehng” rather than “reasoning,”
Diagnosis: unsystematic, jumps around, uses “feehng” rather than “reasoning
not confident

JAMES'S ANSWER

James S, (Score 2) (Read the statements.) ,_:.c__.i ,,.:&J. the ”:_.../. “__J:,»mq”_:.cr.

.Eﬁﬁ the directions ) “Take for granted they're going to control the boc

(Read item 26. Reread item 26.) “That would be ___p::v_v:."w_ st et

(Read item 27.) “That would be mconsistent, because you :_:.4 M 4 ”_fxriﬁ,.:,r”:f..:
a boom as long as you have taxes, at least in my ::a._.ﬁ.ﬂ.i_.,:::_ of boom— 2
i taxes go up, prices go up—no, :__ ”“L”._”, __d_w,:_;ws_, __:.2_ e e et

(Read wtem 28)) “Consistent—however, T

¢ suess—dont think mconsis-
background 1o tell how I thought it out—more of a guess—don K
tent, so put consistent.”

SIS > 4 - {OPA), tacks
D LA lates _:,57_2: mto ::r.__::v.. more lamuhar (€
lagnosis: trasnsl: et

f:_.._ch_ mater T.:Ci._dn_h».. BUCSSCS

L
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=3 FIGURE 125
wdents’ lists O P
i ORA'S ANSWER s beween Jeams- >
D 'S ANSWE ent g arv — ~ P
- (score 2 (Read the statement and the direcions—emphasizing the key s&m__waa L. Lidideiy Wil 1 veeermy iy Tovankiate the genendl aile Genlinai 9
Dora Z. (Score 2): (Read the S and s broad. Verbalization reversed actually
words ) . . P o ; o . :
(Read item 26 ) “Lower the reserve, raise the amount of money in circulation— 2. TFM M— mc:mma.w:g%mh,m:m: terms. Define Ea _:mw:.h:m‘? alternatives. |
if vou raise the money m circulation—inconsistent. By raising the money in circu- ooked for “true” and “false’—others looked for "best * Didn' interpret direc-
lation you don't control a boom.” tions propetly. 1 looked for answer—didn' have an answer before [ looked
(Read wem 27 ) “Also inconsistent for the same reason.” Higher degree of inaccuracy. (I get this OK with syllogisms )
(Read item 28) “Open markei—think what the open market is. This would 3. He associated and brought in intermediary events with dates 1 did the same
take money out of circulation, therefore would be consistent.” with the second part, but didn't know country.
Diagnosis' focused on key 1deas, reduced three items to a single problem, 4 He employed an 1llustration for proof Should set up criteria for an answer if
attempted Lo determine how money supply 15 affected by each item, not enough, set up illustrations and examples
p:pm“a problem on basis of single rule or principle, higher order 5. Didn't get essential terms of what 1 was looking for before | began reading
problem solving alternatives. Jumped to conclusion without carrying lustrative reasoning
: through Did read terms thoroughly but didn't keep them in mind; reversed
Source: From Bloom, B. S, & Broder, L. 1. (1950). Problem-sol them
: . ) L -solving processes of college students: An
exploratory investigation. Chicago: University of Chicago Press. Copyright © 1950. 6. Didn't define terms of statements Got it right through outside example
7. Should pull out main words. Got it right. though
nm:onz.énm in subject areas by focusing on process rather than product and by giving 8 Didn't establish relations between terms. Got it right. though Careless about
students practice in companng their strategies 1o those of models selecting right alternative. Keeping direcuions i mind. 1 think in terms of

Criterion 3: Focus on the Problem-Solvin
the method for teaching problem solving
problem-solving process rather th

“true” and “false” instead of “scienufic study,” etc
g Process In summary, research suggests that

should focus on modeling of the steps in the Ralph’s List

students need practice in relatin r_w,u,ru_n_v. on the product of problem solving, In particular, 1. Find rule or formula that applies to problem under consideration.
¢ ° el . , e -
This modeling techmique has snmcamﬂm;w problem-solving processes to those of models 2. Apply rule and formulate answer, then check with offered answers
4 discussed in subsequent sections of thy o_ vsis for many of the problem-solving programs 3. Progress into problem by formula that has been generalized through application
s Chapter
4. Rules should deal with specific problem m
WHEN SHOULD PROBLEM-SOLVING 5. Try to read directions clearly the first time |
The last question in th m._._NB.mO“mw BE TAUGHT? 6. Do not answer by guessing or supposition
- e survey you . . "
fw : y you completed at the s, 7. Think before the formulauon ol answer
of when 10 teach higher-order :,_:E:,mr 1l ! the start of the chapter concerns the issue 8 ‘hich has been pointed in the direction of the
prior awtomatization theory) o _w _ is—alter lower-level skills have been mastered Direct thought in stream which ha
remova oLy ’ while lower-lev N
| Emﬂw al :“_:5,, According 1o the prior yEMﬁ level skulls are being mastered (constraint 5 problem at hand . b orablem. notal ideas
, n < ; 2ali 1 ! as
b iw _n, so well that they do noy tequire p:%EFEE: view, lower-level skills should be Emphasis on the major deas in t N_ o
e o o nuTe . - any 3 S hle
skalls :..5# :._ ead words without hesyiayg mental effort. For example, students should 10. Box off ideas into main question in the p M
ey 15 Way, they can devote gl (e on before they learn reading comprehension 11. Reason from known knowledge or examples
4nd not be T co . . ‘
Whats ,”,_W_” distracted by rm::m o E_erww_h:m resources to learning the r._mrn?o_dmﬂ 12 In graphs, formulate a specific picture.
a5 Wrone w
certamly much m_:.__—nr the pror aulomatization ,V_M wws oo v Lowee-Jevel eldils d ﬁﬁ” |
e like clementary sch ¥ It mean - . g
ar ; Y schoo|—. s that ol—an! - i ; coll tudents. An
: Jn ES: 10 get the ideq thy m,ﬂ_ MUst be devoed 1o Serisel much of scho: P Source: From Bloom B. S, & Broder, L. J (1950) Pou,m_..s_‘wo:“:mv .Enommomwmm of college studen
ORSLTAINt remoya view holds chool 1s noy 4 o seless memorizing. Stu ’ exploratary investigation. Chicago: University of Chicago Press. Copyrght © 152U
they have fully S that studengs Y Interesting place. In contrast, the

astere lower-le

ne

TEMOVINg the neeq | { vel skills Ics.m,.zmmmm in hugher-order skills even befor®

teach reading E::_z.ﬂ.uﬂ« OTM some of the lower ﬂﬁ. __:m teacher must scaffold the task bY

cannot siphy. Chension—y e “level skalls : 0 !

steht-read worgs Sy _i::._ 15 2 higher-org For example, if the goal 151 A . . ) . the role of cognitive apprenticeship, n which
480 Section 1l Instruction Y Well, the teacher can read na thinking skill—but student® U—uvqmsznnwr_v Chapter 13 examines O e antrs o suthentic Tasks Tharp
the passage t S eginne e ’ -ork with experienced prac - L R R
2 o the students ers are allowed to work ¥

t1ad
. T < { performance because students
and Gallimore (1988) referred to this arrangement as @s C.peorrx ;

ions hey cannot yet
are allowed to perform challenging tasks but receive help on portions £ t )
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perform. Simularly, Lave and Wenger (1991) ,,:,ﬁ,.p,.;,?:,. :H__MJ”,.__HHH_H.HALG n m wide

atiety of cultures—ranging from midwives in Mexico to ~_,~._ A,._ i 0 :wmmp Cutters
”: the United States. In each case, begimners work on _:m.:. n,: :u. ucvﬁ:o &iven help o,
portions of the task that they have not yet mastered .Arcwr mﬂﬂ?ﬁ :,u ¢ _annmme_ Ccase
studies of how people can learn igher-order skills before they have completely mastereq
all lower-level skills.

Criterion 4: Teach Higher-Order Skills Early Rather than Late In summary, there i
increasing evidence to suppon the call for teaching of higher-order thinking skills 1o
students who may not have yet mastered all relevant basic skills.

IMPLICATIONS FOR TEACHING PROBLEM SOLVING

This brief historical overview helps provide some tentative answers to our four questions
Furst, once you choose the kinds of problems that the students need 1o be able to solve, the

mtellectual performance required for these problems should be broken nto smaller skills
that can be taught instead of teaching problem solving as a monolithic ability Second,
seems (o make the most sense 1o teach specific problem-solv
lexts; it may also be possible to teach what appear to be general domain-free strategies, but
not much evidence exists that these will transfer beyond the contexts they are taught in
Third, students should learn problem solving by focusing on process rather than product
and should have models 10 which they can refer—that s, examples of how successful
problem solvers g0 about solving problems Fourth, students can learn higher-order skills
even though they may not have fully mastered lower-leve] skills.

The next sections explore three widely used problem-solving courses that have been
well received in school setungs. Fach is an independen problem
than an attempt 10 niegrate p solving within subject matter do
gram, the section presents the under}

e Tt e . , ying theory, briefly describes the program, and evalu-
. e changes in students thinking The three programs are the Productive Thinking
Togram, Instrumental Enrichmen and Project _:E___wm.:nm

ing skills within specific con-

#=| Productive Thinking Program

BACKGROUND
During the 19605 several large- 1
including projects that n:ﬁ:umm P i -

sived teact, elopment efforts were carried out.
how 1o th wectleaching studens

N elementary and secondary schools
. _m”:_m_:_;d_ and most 503:@:. studied curniculum develop-
ies, 1966 ?.ﬁ skills is the Prodycriye Thinking Program (Covingto™
eral ?o.&,m ~VnBlon, Cruichfield, Davies, & Olton, 1974), which
2 Program Mww_ﬁu_«szn skills 10 fifth- anq sixth-grade students. Th¢

» M involves 4 ¢,
Ve Sior nis are _:“MMQ P ed workbooks that provide practict

les Stude uced 1o m_.m process o I

ed 1 ‘«:ETXu the vatn,vE.(«_.. n e p e v

O ¢ HETT ving uZwTv@ﬂw (8] “:Qﬂm—m
]

ink. One of the he
ment projects for teach;
Crutchfield & Day
seeks 10 teach gen
Productive Thinkin

in solving detecyy
are

DESCRIPTION

The program consists of 15 cartoonhike bookles

s. each about 30 pages in length Each
booklet presents a detective story nvolving two children, Jim and Lila, as well as Jims
Uncle John and Mr. Search. The story presents clues and asks the reader to answer ques-

tions aimed at “restating the problem i his own words,” “formulating his own questions.”
and “generating ideas to explain the mystery” (Covington & Crutchfield, 1965 p 3). After

the reader has generated some 1deas, Jim and Lila give theirs. Thus. Jim and Lila serve as
“models to be emulated” (p. 3). Like all

reahistic models, they make some mustakes at fi rst,
but with the help of comments from the adults i the booklet. they eventually figure out
the mystery

Figure 12-6 gives a few pages from one of the first lessons in the program “The
Riverboat Robbery” As you read the lesson, you are given some information and asked to
generate some responses. Then you get feedback by seeing what Jim and Lila do and how
Uncle John critiques their strategies (If you read the entire booklet carefully, you will

discover that the culprit is Mr. Larkin, the bank manager ) Each lesson is destgned to teach
some of the following strategjes

Take time to reflect on a problem before you begin to work Decide exactly what
the problem 1s that you are trying to solve.
2 Getall the facts of the problem clearly in mind
Work on the problem in a planful way
Keep an open mind. Don't jump to conclusions about the answer to a
problem. y ) .
Think of many new 1deas for solving a problem. Don't stop with just a few
Try to think of unusual ideas
>_Mm way of getting ideas, pick out all the important objects and persons in the
roblem and think carefully about each one .
8 W?:# of several general possibihities for a solution and then figure out many
rticular ideas for each possibility .
9 wmw wwos mwmman for ideas, let your mind freely explore things around you Almost
anything can suggest ideas for a solution ] -
10 2“3@ mrmnr anmr idea with the facts to decide ,ros :rn,ﬁ. the ..M_mu 15
11 1f you get stuck on a problem, keep tryng Dont _x..aiscsmw o diferen
12, When you run out of 1deas, try looking at the problem in a n
i 4 = ’ Ave —.ﬂ
13 vadmnr and review all the facts of the problem 10 make sure you have no
i rant. .
14 M”GM& MMMMH”%W%WH_& Just suppose that 1t is possible and figure out how it
; art wi y b
15 WM:QE MM lookout for odd or puzziing facts in a problem Explaining them can
n the
) ; for soluton o dtha
16 _/MWM w,opﬂ ~w~:mm_M “Mwwu_ovznngm things in a problem, try 10 explain them wi
: en the
single idea that will connect them all together

W

e B

crategies 4, 5, 6,9, 11,and 15
“The Riverboat Robbery” attempts to teach strategies 4.

- ap Suateges 843
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larly. Lave and Wenger (1991) showed how mc?ms:nauri works in a wide
perform. Simi A:.V. ranging from midwives n Mexico to tailors in Liberia to meat Culters
”._.ﬂ __.”.v,ﬁw““_”m_p__ﬂ_.ﬁ“_ﬂl _.: cach case, beginners work on r_m:.:.,._m_ Emwm UEU»S m_.<.m: wlv on
portions of the task that they have not yet mastered. These appear 1o be successful case

studies of how people can learn higher ler skalls before they have completely masiereq
all lower-level skills

Criterion 4: Teach Higher-Order Skills Early Rather than Late In summary, there 15

ing evidence 1o support the call for teaching of higher-order thinking skalls 1o
ts who may not have yet mastered all relevant basic skills

IMPLICATIONS FOR TEACHING PROBLEM SOLVING

This brief histoncal overview helps provide some tentative answers 1o our four questions

First, once you choose the kinds of problems that the students need to be able 1o solve, the
ntellectual performance required for these problems should be broken into smaller skills
that can be taught instead of teaching problem solving as a monolithic ability. Second, 1t

seems to make the most sense 10 teach specific problem-solving skills within specific con-
texts; it may also be possible 10 teach what appe:

ar 10 be general domain-free strategies, but
not much evidence exists that these transfer beyond the contexts they are taught in
Third, students should learn problem solving by focusing on process rather than product
and should have models 1o which they can refer—that s, examples of how successful
problem solvers go about solving problems Fourth, students can learn higher-order skills
mﬁ..q_._%c:ny they may not have fully mastered lower-leve| skalls.
el MM.”M.Mm“w__“.,»ﬂ,”v_,mﬁﬂwzrraa widely used va_u_mws.wo_s:m courses that have been
than an atempi 10 inge

g5 Lach is an independen problem-solving course rather
grate problem solving within
gram, the
ates the changes 1y students’

- subject matter domains. For each pro-
seclion presents the :3%_.7‘_3“ :._moa‘ ) :

rogr. g h . : 5 nd ev alu-
P thy kin, T Y bes the U~Om~m3 al u
ogram, Insin mental ich € Tﬂm

© Programs are the Productive Thinking
ment, and Projecy Intelhgence

Productive Thinking Program

BACKGROUND
During the 19605, sey
VS several largescale o
ncluding projecis tha €mphasized |, n .ﬁrE:E_E: SN ) 2nd oy sl
how (o think One of the he g

meng Projects f

2 studenys i
st known W n nis in n_aSnEmQ and secondary schools
OT teaching

05t thoroygh} . elop-
Crutchfield, g Davies, EJMEMSN skills is the ?&.Em Y shacied smsiulieg det

) Thinking Program (Covingto™:
seeks 10 teach ovinglon, Cry, e . & Trog shich
Productive .;Emnzm_.m_ USZnB.wc:Sm skills ””:ﬂm:, Davies, & Olton, 1974), whi

ng Progy, ) The
N 50lving degecyyye . ooram iy and sixth-grade students

olves a
are invited 1 ¢

series of printed

workbooks that provide practict
ntroduced 1 ¢, p P

€ Process of problem solving and
models,

442 secgn ) Instruction

DESCRIPTION

The program consists of 15 cartoonlike booklets, each about 30 pages n length. Each
booklet presents a detective story mvolving two children, Jim and Lila. as well as im’s
Uncle John and Mr. Search. The story presents clues and asks the reader 1o answer ques-
tions aimed at “restating the problem in his own words.” “formulating his own questions,”
and “generating ideas to explain the mystery” (Covington & Crutchfield, 1965, p 3). After
the reader has generated some ideas, Jim and Lila give theirs. Thus, Jim and Lila serve as
“models to be emulated” (p. 3). Like all realistic models, they make some mistakes at first,

but with the help of comments from the adults in the booklet, they eventually figure out
the mystery.

Figure 12-6 gives a few pages from one of the first lessons n the program “The
Riverboat Robbery” As you read the lesson, you are given some information and asked 6
generate some responses. Then you get feedback by seeing what Jim and Lila ao, and :c,_r_
Uncle John critiques their strategies. (If you read the enure booklet carefully, you wi

discover that the culprit 1s Mr Larkin, the bank manager ) Each lesson is designed to teach
some of the following strategies

10.
11
12.

13.

15,

16.

Take time to reflect on a problem before you begin to work. Decide exactly what
the problem is that you are trying to mo.?n
Get all the facts of the problem clearly in mind.
Work on the problem in a planful way .
Keep an open mind. Don't jump to conclusions about the answer to a
roblem . ) .
%_,::r of many new ideas for solving a problem. Don't stop with just a few
Try to think of unusual ideas
>_N a way of getting ideas. pick out all the important objects and persons in the
. . / h one
roblem and think carefully about eac .
W%:r of several general possibilities for a solution and then figure out many
s for each possibility .
MM_WM“_MM»_MMJQ ideas WWF your mind freely explore things around you. Almost
anything can suggest ideas for a solution. I
>_N<3.w mrmnr mmmnm_ \dea with the facts to decide .:cs, M_rmu Emm,m& is.
If you get stuck on a problem, r_m%xaém Wmow ”JNM.W aﬂﬂ M_.”mi i
/ 10C gatt 0
When you run out of ideas, try looking
: - 0 aAve Jﬂ
vavmnr and review all the facts of the problem to make sure you have no
rant . i
M”—m_wn ¢ wﬂ-wmﬂwﬂwmrwﬂﬂﬁ Just suppose that 1t is possible and figure out how 1
art wi v idez
i ing them can
MMEQ _H lookout for odd or puzzhing facts in a problem Explaining the
on the 100K
s 1deas lution - o
_/MW_M_ V.oﬁﬁo 5m~M “ﬁwﬂnom‘cwwzm things in a problem, try (o explain them with a
‘nen there a rt s tiElE el
single 1dea that will connect them all together

—— 5.6.9, 11, and 15
“The Riverboat Robbery” attempts t0 teach strategies 4, 3,
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FIGURE 12-6

sortinued)

&

Look! That police chief is
stuck already. How did e
ever get to be chief?

Louie, an ex-convicl, is on the
boat. We suspect him, but we
disn’t find the money on him. We
will continue 10 question Lovie

We have also made
a complete search
of the boat and all
the cther people on
it. The money has i
not been found.

Any ideas from
you, Lila?

0o you think anyone eise besides
Louie might have done it? | don't know.
At the moment
I'm stuck for
more ideas.

What persons besides _
Louie might be the thief?

Before Lila tells her idea, what thoughts do you have about other possible
suspects? Use your reply notebook to write down all the ideas you can think ,“

. . I 2 3 > " "l

There are several people hesides Loute who might have stolen the money. You
o P .d Mr. Burk to the phone, or perhaps

T TT——— (continued)

may have thought of the steward who «
you even considered the riverboat captain ,
i > >Ct 1N ming

Lila has another possible suspect It ol

e e the elfectiveness of the Productive Thinking ri[\l\u\\\\\\l\l\\\ _

ffects of Productive Thinking haveé
P- 38). For example, Olton and
Thinking Program 1o 25 fifth grader™

1989

444 Section | Instr v tive 1

training Here are some examples of
Iy after traimmng, and delayed

.rs received 1
while an equal number of fifth graders recet .
pretests given before traming, posttests ¢
postiests given 6 months after training

ing Strategies 445
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“Black House” problem: Student attempts 10 solve a puzzling mys }
. | . — ; 50 é ZZing myslery probi
must make an insightful reorganization of the elements of the problem

n which he

UL:.V ed Posttests

1sn't it possible that
Mr. Burk took the money

and then hid it somewhere
on the boat?

The missing jewel problem: Student attempts to solve a puzzling mystery problem in which
she must make an insightful reorganization of the clements of the ?azma :

The nameless tomb: Student works on a hypothetical problem archeology in which she
must discover which of 10 possible suspects is buned in 2 nameless ancient tomb.

Figure 12-7 shows that the traimed group and control group scored at about the same level

on the pretest, but the trained group outperformed the control group on the immediate

and delayed posttest
In interpreting these results you <hould note that the test problems were simular to the

\ , types of problems given in the booklets and that factors other than training, such as higher

motivation by the trained subjects, may account for differences among the groups. In a
review of a dozen evaluation studies, Mansfield et al (1978) concluded that the effects of
the Productive Thinking Program are smaller in well-controlled studies and scem limited
to problems like those given in the lessons Concerning the 1ssue of transfer of problem-
solving strategies L0 new problems, Mansfield et al. (1978) concluded that “it 1s unclear
whether the effects of traiming are sufficiently generalizable to be useful in real-life n_.@_ma
solving situations” (p- 522). Nickerson (1999) also noted ..:ﬁ limitation of the mﬂ_wm to
problems similar to those encountered in the program material” (p 402) >m?:ﬁ: vﬁ. ﬁm
possible to teach students to perform well on a certain class of problem, but no strong

evidence exists that such training uransfers to other domains

Good idea! The police chiet
hasn't thought of that idea yet.

And Burk might have staged
the robbery on the boat so
that Louie would be blamed.

And I'm sure
there are even
more ideas.

(7

y

mrocxm 12-7 \\\\
: Unicle John 1s right. You can always think of more ideas. And you should never c_.oacg,uoﬁﬂ_.:so in = o .
¢ afraid to talk about your ideas. on creativity inking [ Trained
7 F™) D Contro!
source” From The Productive Thinking Program by Olton,
M (1 gram by Convington, M. V, Crutchfield, R S, Davies, L B, & ' 6
(1979). The Productive Thinking Program, Colurnbus, OH: Merrill J
5 —
o
Pretest G 4l
ests x 4 IJ
Controlling the weather Stud w -
! udent think . , / 3
10 change the weather inks of various consequences of humans future ability ; 2 q
Project for a v s S - b
ot _.__ﬁ__w}.:_ ﬂ__f himself in the shoes of a Peace Corps volunteer who 1 w .
Hmse i - s = : 1
" w.“ ,..F _<<=: __—: customs and mores of a tribal village Then, WLF\_.\\\\.DF.,» o
15L0ms > y s ela
moriey for their - niceds 1e must figure out ways the inhabitants can earn Pretest _:M%mm%m_wuo postest
= =10
Immediate Posttests (max. 1) (max. = 13) (max. )
\y\n.\\\\t\.\.\\n\ thinking
[ransplant yame: & _V l\x\\.\\\ﬂuhnn.\\\.\\\ kills of productive "R
. .ﬁ anting organs: Student thinks of varioys ical e d RS (1969) Develop!” aﬁwsi psychologY New Yor
atlity to transplant bodily o s consequences of humans' future mec RM & Crutchhield. drections in develop?
dily organs from one pere Source: Adapted from Olton, L ton (E0S) New dire®
, person to another In P Mussen, J. Langer, & M. V. Conving 447
Holt, Rinehart and winston e proble m-Sohing Girategies
ching by FO5*¢

y  Gection i nstruchon
Chal




vior a successful
s (as listed on
kulls pro 3 ;
:::_,_HM. J/ _J ; flects are strongest for the specilic domain use d during instruction,
e 3), s elledts ¢ & e DTOCE F seek
~: rw: tructional method relies heavily on maodeling of cogninive processing, and 1t seeks
he ins O : / ave vet mastered : -
o auain higher-order skills even though learners may not have yet mastered all lower
tevel sklls

\ S¢ slstent vith ___... ol
e Kaing Program 1s ¢ ARTE W

werall, the Productive Thin '3 B . :

ok m teaches a _::__-.r_ numbel ol :::—.::rm: ‘W

@ Instrumental Enrichment

BACKGROUND

Suppose a boy develops in an environment that does not offer much human contact or
much opportunity to learn. After many years of living this way, the boy is brought to
school, where he performs poorly on intellectual tasks and s labeled “mentally retarded *
You might be somewhat skepuical of this labeling and ask questions such as “Does the boy
have potenual for a higher level of intellectual functioning than he 1s currently perform-
ing”” “What types of naural experiences would lead 1o the boy’s reaching or not reaching

hus hughest potenual®™ “If the boy missed many of the natural experiences needed for
intellectual development, ¢

an nstruction help him reach a higher level of intellectual
funcuoning?”

These _E.:% o:cﬁ:oﬁ were addressed by Feuerstein (1979, 1980, Feuerstemn.
Jensen, Hofiman, & Rand, 1985, Kozulin & Rand. 2000), based on his work with special
education aac_mwﬁ.z—w in Israeh schools First, if a student performs poorly on academic
”LG, mn%wqm.ss ME_Q\”_.V to label that child a “retarded performer ™ Feuerstein found that

15 uselul 10 make a distinction between a child: f
s s manifesied low level of functioning

nce) - <
Heieven developed 2 tec ce) and the childs actual potenual for intellectual performance
¢ eloped a test called the _mm:d:m potenuial assessment dev

ate how muc A ‘ice (LPAD) to evalu-

being a ﬁ:ﬂrmﬂ%ﬁ%“ﬁﬁ he could expect for each retarded performer Instead of

T e H.:n N &..zzmw the LPAD presents the student with learning tasks
; Ay acher

the tasks niervention needed to help the student accomplish

Second, Feuerst
» FEUSTSeIn noticed that stug b
1al students w " 1
come from homes in which parents do ney i bl e Somes el
their culture) 10 their child :

explain, discuss, or in 2 (includin
- , . ncluding
ren. Feuerst terpret events (1

eprived: tha in h chi ,
deprived; that 15, the normal events in the :cme that such children are mediationally
Pose because no one Provides any inge g’ 5 do not seem 10 have any meaning or pur-
have trouble respondin, 7 ™ €TPretation of

% 10 new problem them Mediationally deprived students

these . s s or new = A
:MW chuldren have been denied exposyre ,f,.. learning tasks According 1o Feuerstelmn,
MLEs) For example in P 10 what he

A par:
A parent ruighy say

ha typewriter, 3 ch ,ﬁ_m__m mediated learning expenences
A key, . \r 1 can learn about cause and effect

-1t makes this meya) strike the ink and print
! 53Y. “Bring youy Iy " 10 the beach can be the basis {07
2ur bucket and shoyel T —
Aﬁ 1980, p-21).a parent can ask 2 child
1% 50 thay we will have some left over for
WChon

O the Store “pi

1 -
€5 of mi

-\

romorrow when the shops are closed.” This example demonstrates the ole of planning
much more than the statement “Please buy three bottles of milk ™ In these examples of
MI Es the parent helps interpret events so that the child can see the meaning or purpose or
intentionality i the surrounding world

Third, Feuerstemn developed a program called Instrumental Fnrichment (IE) that is
mtended to provide low-functioning students with the kinds of mediated _G:.:_zn experi-
ences that children normally receive. To compensate for the madequate MLEs of his stu-
dents, he provides them with a series of problems—each one h.____ﬁm:TL_s_ serve as the
basis for discussion and interpretation with an adult. Feuerstein’s Instrumental Enrichment
program 1s recognized as “possibly the most widely used program for intellectual-skills
training in the world” (Sternberg, 1991, p. x)

DESCRIPTION

Feuerstein’s instructional enrichment (IE) program consists of a senes of _um_viéa..wmm_z.
exercises for low-functioning adolescents. The program 1 intended to be ma:::_w_.nﬂém
an adjunct to regular academic instruction; for example, IE could on_ﬂ: @:wmﬂm.w&ﬁ_:a
per week over a 2-year period, for a total of 200 10 300 hours. The tas .Enrﬂ:m 2
15 instruments, with each instrument focusing on one or more cognitive s _r.v:?_ —
Figure 12-8 gives an example exercise from the “Orgamzation cﬂgﬂo—ﬂ.ﬁ.ﬂhgmrn e
ment in the IE program. The students job 1s to connect the mommar: M: i ot xS,
shapes as in the model (1.e.. two squares and 2 tnangle). Eac ‘ w_ D: i mru*\xw o
aiidl Bacht shage TR be thit Sieshe © bl ”o;?ﬂ. .,Twn each exercise, the
overlap and be in different onentations than the Bo.an_ E u.vmww: b, Thwniths
teacher introduces the problem and allows for individual so_,: o Bawjﬁm s This,
class discusses methods for solving each problem i e _mm,n %quﬂ En:.wnn:cr: to the
students get exposed to many novel problems and wmm:w, to wo P o
methods used by others Because each problem is R, fe z:: W :w enerate and eval-
answers. Exercises such as these are intended t0 Rnn..rqw w:am_..ww_moan Emm?‘muzﬁ& so that
uste probleay represenimbicrt e h m% m:ﬁum_o: of Dots problems
they increase in difficulty According to Feuerstein. e Mm:ﬁs into pants, representing
teach students the following cogmitive skills- breaking a n“w.?ncw on spatial onentation
a problem, and thinking hypothetically Other instruments .

. e
nect the dots  Connect
Lok at the figures  Connect the i ke the same {0 make e same
o NHMQ figures. fapicne |
; SRR e R S

#(l‘\\l \\l\l\\\”l{i\\l.l‘ll;ﬂln\\\\lnuxllhl‘“‘“\\xt

Adapted from Feuerstein (1980).
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ve Thinking Program 1s consistent f% the nm_ﬁwE:m g T o

Overall, the v::_:.,: 1t teaches a limited number of compone instruction

thinking skills program ;,r:.”:ﬁ.,....: for the specific mc:E_,: used mc::m n q .ﬁn .

page 443), _,.,_H.,HM“_,:M_?,.,F; heavily on modehing of cognitive processing, and it seeks
the instructions + %

s may have yet mastered all lower
uain higher-order skills even though learners may not y
to attain higher-
level s

U Instrumental Enrichment

448 sccyon Instruction

BACKGROUND

Suppose a boy develops in an environment that doe
much opportunity 1o le

s not offer much human contact or
school, where

arn. After many years of living this way, the boy is brought to
he performs poorly on intellectual tasks and is labeled .,Bm::wzz ES&M& .
You might be somewhat skeptical of this labeling and ask questions such as “Does the boy
have potenual for a hugher level of mtellectual functioning than he is currently Uml,c::,
g “What types of natural expenences would lead 1o the boy’s reaching or not reaching
his highest potential?™ | the boy missed many of the natural experiences needed for
intellectual development, can nstruction help him reach a higher level of intellectual
funcuoning?”

These kinds of questions w
Jensen, Hoffman, & Ranc
education adolescents 1
tasks, Feuerstein prefe

ere addressed by Feuerstein (1979, 1980, Feuerstemn,
1, 1985, Kozulin & Rand, 2000), based on his work with special

sraehi schools. Firsy, 1f 4 student performs poorly on academic
15 L0 label that child 4 “retarded performer.” Feuerstein found that
between

s useful to make 3 distinction a childs manifested low level of functioning
(e, retarded performance) and the childs acpyg) pote

He even developed

ntial for intellectual performance
atest called the learning Potential assessment device (LPAD) to evalu-
ate how much Improvemeny he could expecy |
being a siatic mental a

1y test, the

ot each retarded performer. Instead of
of teacher int

LPAD presents the student with learning tasks
€rvention needed 1 help the student accomplish

mzaanmmc:_w—rn amount
the tasks

Second, Feuerstein nouced (hy

n
, have trouble learning in school ofte
™MES M which parens do noy explain, dig

) 1o their children Feuerseiy, notes (h

n.cwm.:::ﬂn%ﬁ?m:.m c:n_c%ﬂ_m
;5«:23»_; A such children are mediationally
E., One provig, EVeNts 1n thejy lives dg ot seem 1o have any meaning ot pur-
Ovides any inter reta
have trouble responding 1o e e
these childre

Ustudents whg I
their culture

deprived, \hay

. s

W brob] em Zna_m:o:wf deprived student

 have heen ana_m%a €Ms or pey, Fm:::m. tasks. According to Feuerstein.
O ex (614} 3 . N €

MLEs). For example iy Playing s.::vm :.:M:”w what he calls mediated learning experienc

A parent might say, "When ‘Pewriter 4

aletter A on

1
ild can learn about cause and effec
n B

the Paper YOU press the Akey, it mak

, nnt
As a : €s this metal strike the ink and p
—S::sm gl A o Nother eXample , _.w:::..

r
build Y. “Brir 1P 10 the beach can be the basis —.wo
Eatac s . “Bring u, ) )
:”: sand castles * ¢ another example (. g _,.:_5 bucke; and shovel in case you want
%10 the sor “Please buy three ro:,_ Gor o, 19
e

80.p.21) a parent can ask a nEEﬂ
>ofmilk 5q that we wijy have some left over [0

tomorrow when the shops are closed.” This examp

le demonstrates the role of planning
h more than the statement “Please buy three bottles of milk ” in these examples of
much m

LEs the parent helps interpret events so that the child can see the meaning or purpose or
MLEs :
intentionality in the surrounding world.

veloped a program called Instrumental Enrichment (IE) that is

o mmcwmwﬂhdon“mf_m%ﬂos_s%mﬁ%aa:m with the kinds of 33::&. _QE_:W M%M”H

O et A rrmally recewve. To compensate for the nadequate MLEs o ﬂm‘mw .

cnces (har childien ”ﬂ with a series of problems—each one different—that wﬂélmv the

%EJ rn&_.uﬂ0<m_mmﬂﬁuhwj§8€F.S:o: with an adult. Feuerstein’s Instrumental Enrichment
basis for discu

—U_ m_m=_ 1§ recognized as —U:L,L y the most wide y use: _u_ gramn 1 { D_-mr:T
. g 2 _ “ . _u_ T ma ' us n_ Or ? Fm__:. u

O 7

:m.:.::w mn :Jﬁ s.‘O——ﬁ_ AVﬁOﬁS_HUPHT_ _OO—_ _u Vv

DESCRIPTION

i [ a series of paper-and-pencil
: ram consists of a series of p
Feuerstein’s instructional enrichment (IF) program .r: et b g minisiered g
@ “ise ?.: low-functioning adolescents .;.n. sEnB:_ﬂ ,:n could occur for 3 to 5 hours
an adiun rular academic instruction; for example, [E The taks are onganized into
- . e R 'S o -
e il _.pw nod, for a total of 200 to 300 hours. The g
‘er a 2-year period, d ——— .
pEr i,nnr cen_, Ewﬁr each instrument focusing on one or :e_:,:: Mﬁ Dots,” the lirst instru-
" Eu:::wwslw. ives an example exercise from the C:u._.:_m_. o Bubiar shuixPEnryn it
_H_MC_.G give % iob i ) »ct the dots s 3 "
~ 5 15 10 conne Aol aiice.
A The students jo ach dot can be used ontly
ment in the IE program. { arriangle). Each :
11/ squares and a tria i o m_‘._mﬁﬂ.m o
- 5 ydel (1e, two SqQu 3 swever: Hidy
o s Shape e p_p be the same size as in the model _IP " are. For each exercise, the
- ape must be the 3 : : | shapes ¢ y .
and each shape Bm fferent orientations than the model in_u k on the problem. Then the
NS G _rr? blem and allows for individual w c_.—_  rriops thetm, ThS,
cacher 1 ‘s the proble d ) > teacher s arizes .
teacher 5.3&:25.: oT.U_o_. solving each problem and the te ompare their approach to the
2185 ~USSES Oc ) 4 ) d 55
e d to many novel problems and learn ”p e Garlenaeatmgl MERIGHEE
> < < >C U [ >
o, £ expose —o. W,E:me each problem 1s novel, t ot R il
anods used by others ﬁ: .Ec intended to teach w.:a::w_ d, .:c,:a."::“& so that
s ch as these . . problems K )
N o Iercises such 5 and solution strategies. The m sanization of Dots problems
they oo ?,v;.mn::_:_cﬂ yrding to Feuerstein, the « _,m_“_ :“._Ec parts, representing
regca ulty. Accc . suokile aTts .
they increase in difficulty cognitive skills: breaking a f focus on spatial orientation,
ceach stdents the *c:cg_‘:n ,::.:g:v. Other instruments 5
> .—v.—u: ¥
a problem, and thinking

e
e ———
!
S5 i
nnect the dots |
thedots  Co i
i nect the dots  Connect he same to make the same |
Look at the figures  Con the same  to make ! prighoy
below. to make figures. .
figures. o @ :
. .o . . - n v 1
® . . .
M T et A
pas . : ]

Adapted from Feuerstein (1980)
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temporal relations, family relauc

numerical progressions, .,Sm_v.:n perception, transitive
relations, and syllogisms.

EVALUATION

Does the IE program help students become better able to deal with new problems (ie | 1o
become better thinkers)? Feuerstemn and colleagues (1980, Feuerstein, 1979) report an
evaluation study comparing adolescent special education students who received IE over 3
2-year period with students who received the normal enrichment procedures. Both groups
performed at the same level on pretests of cognitive skill, but after 2 years, the 1E group
scored higher on tests involving spatial and mathematical reasoning (i.e., tests of spaual
relations, figure grouping, number, and addition). Follow-up studies on the same students
2 years later found the IE group sull scored higher than the control group on tests of non-
verbal intelligence In a more recent study mvolving adolescents with mental retardation,
two years of IE treaument resulted in greater improvements on cogniuve ability tests
than did a general enrichment treatment (Feuerstein, Rand, Hoffman, & Miller, 2004)
Importantly, the IE group also showed a greater improvement 1n academic achievement
than did a group receving general enrichment.

Blagg (1991) conducted “arguably the most thorough and carefully planned evaluation
of an intellectual-skilis training program that has been done” (Sternberg, 1991, p- x). Low-
achieving 14-year-old students from four schools in England received 2.0 to 2.5 hours of

d strategies for solving
spontaneously read and follow instructions carefully Ev
Clareas, that is, ¢

problems, and more likely to
en these positive changes, how-
; hey were not observed by other
,mmm study, Haywood (1997) pointed o flaws in the way that
&ﬁﬂ:._%a Similarly, Kozulin and Presseisen (1995) provided
o : nstruction, Em quality of the mediation provided by the
Ce ol special ?Em_:m CEXCICISes 10 content areas of curriculum

%m_av_aamz;:o:, (p. 73). In a more recent
S : . 1s (2001) f, _
sure to IE produced modes; amuels ( ound evidence that expo
length of Sepiomng; BaIns in intellectya] abiliy, although the effects depend on

ver, did not generalize 10 other subje
teachers. In a review of Bla

teachers were trained and
evidence that “the amount
IE teacher, and the presen:

ﬂm%:::m problems and planning solutions

skills that are SCMﬂn mm:ns_ Problem-solving skills independent

a”u sosﬂlumu intelligence tegs Bransford mm»::m_:.. are quite specific and similar to tasks
that “¢ €1S an em h AT :_.sw:-wg_—? S -

2515 . dtein, a / nt out
they will be able 10 M_ﬁ_ﬂ_osmss_:m students 1o gplye cenain ¢ - S\M :om_uu vom_b that
However, Feergiein s “Hm 21 problems on theiy OWn within Sv.ﬂnm o m.w_w 20D

' S S .
Problem—uwill help , ﬂc%m___ mwuwcam that learning one SJ_ESM t _:w__EBmE ﬂ:a of
skills " €aATN anor nil—that is, one
skills. Instead the 1 PTOgram seemns ”so,_,f Nstrument tha, requires different cognitive

: 0 he vsca_:w stud
i

NS with many specific subskills

e

that, taken together, are useful for performance on tests of nonverbal intelligence. Third, the
method involves lots of practice in modeling of the processes used by successful problem
solvers. Fourth, the program does not wait until the learner has mastered all basic skills
before attempting to teach higher-order skills

@ Project Intelligence

BACKGROUND

Consider the following scenaro: The country you hve in has decided to Smrn,m q..m:osmw
commitment to improving the intellectual performance & its ciizens. The nation’s presi-
dent has appointed you as the first Minister of State for the Om(‘m_ovamw- of Human
Intelligence. What can you do to improve the people’s problem-solving skills? )
Although this may seem like an artificial problem, it was a real problem for U_.@ wzm
Alberta Machado, who was appointed in the 1980s to head the new Ministry o~M
the Development of Human Intelligence in the country of Venezuela, the first suc

ministry in the world. Minster Machado (1981) summarized the rauonale for his mimstry
as follows:

/ 1d the
In the same way that investment of resources and political strategy are planned so mrcsq
o
different nations by means of a common effort, plan the attainment of a higher degree
| / ry means are
intelligence in the least ime possible by all mankind When the :m”nmwus.é s
organized to systematically improve the intelligence of all people, mankin
)
the most important step towards progress (pp. 3-4)

Similarly, Dominguez (1985) noted that “in Venezuela we are m:n.z._v:.ﬂm M.Mm”m_rﬂm Wﬁwm_wvm

about Em modifiability of human mntelligence to 4.0} in the wajm_na oIWM?m& ey,
As part of his assignment, Dr. Machado enlisted a group trom 4 mm_,:v:mmm

Bolt Beranek and Newman (a research and development ._no,JWmnw _—“,mmq i _=.

Massachusetts), and the Venezuelan Ministry of Education to ﬂfw om__ of the course was

thinking skills for seventh-grade students 5 (@:ﬁﬁm_m:& n”ﬁ&«w%ﬁm; (Marunez, 2000,

“to raise the intelligence of participating /ﬁ_ﬁw —w_m_wmﬂmw.nﬂanw:m:.? the thinking sklls

ject was named “Project Inte - P 26 -
m 157), and :_M WM_MM%%(HMM {0 receive a Mgorous, m:a:amau_: valid evaluation, a
ourse—name s "y e
feature that is sometimes lacking mn curnculum development elio

DESCRIPTION

ross six lesson senes (or
OQ Sy consists Om one —‘.—Cﬂ—ﬁ:w& Mo _mmwOSm, U_‘ﬂmGSﬂmQ B(MN_M.JWM_ _lmu:v_.::.ﬁ‘ VMGT_N:‘._
Uow.rwkuﬂoczam:o:m of Reasoriing, C:%?S:a_:m}_%:mwsma 1989). Within each les-
entive Thinking (Adams, 1550, it .
Solving, Decision Making, and Inveryive sha similar theme—such as si
b Mﬂm“ﬁ.wﬁ~rﬁ —mmmﬁ-:w m—“—‘ﬁ. m_‘—‘ﬁﬁnmo_ S units —Tmn JT.LRN.}& “:TT.G—).J:_SB NJD_ n..—mfrm_—:u.
lesson " 1 .A, ing items based on their n:u._‘mﬁ:.:i‘dm. ”_.13 gy
: VJc: _p assitying \gnizing patierns in orderings (‘ordering J.
1on”), five lessons on recogniz

solving analogy problems (“analogies™-
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lesson 1s intended to teach some fairly specific target skills, such as identifying
which dimensions to pay attention to, distinguishing among various types of changes m:m
recognizing the next item in a sequence on the basis of previous changes in a given a:_sa:.
sion. Adams (1989) noted that “the thrust of the course was to be conveved through direct
instruction modeled on the Socratic Inquiry Method . and cmv__u__m_:m on structured
discovery” (p. 70).

ation, each lesson followed the same formag

To ensure consistent classroom implement
although “the scripts were not intended to be followed literally

in class” (Nickerson, 1094, p. 857) For example, Figure 12-9 shows a problem and pro-
posed teaching script for a lesson on sequences and change contamned n the first book,
Foundations of Reasoning, The lesson begins by the teacher leading a discussion on how
10 solve some sample problems Then students are given an opportunity to solve some
problems on their own Finally, students are asked to explain their solutions to others. This

based on suggested scripts,

EVALUATION

Does a year’s worth of Odyssey help students become better thinkers? Ina well-controlled
evaluation study (Herrnstein, Nickerson, Sanchez, & Swets, 1986 Nickerson, 19943,

URE 12-9 An 463 seventh-grade students from six schools in Venezuela received 45-minute traiming
ssey lesson Jg sessions for 4 days per week over the course of an academic year (covering 56 lessons),
o) O ‘ o O Oo whereas a matched control group did not receive any special training in thinking skills

Students in both groups were tested on a battery of cognive tests before and after the

© # ’ o o course. Although both groups improved, the tramned group improved more than twice as

A B c D much as the control group on cognitive skills that were specifically targeted in the pro-

| gram, indicaung the course was successful n teaching targeted thinking skills.
7. TEACHER: Observe the first figure of row one. What does the first box in row Interestingly, the trained group also improved more than the control group on several

one contain?

Afferences were much smaller (with the trained group
STUDENT: A line with a circle above it. intelhigence tests, although the diffe

showing improvements ranging from 21% to 68% more than the 2::6_ chmv“.
Nickerson points out, “It was not feastble to obtan data in subsequent years (p 859),
so it is not possible to know whether the effects of the program were _o:x_um._im
Overall, “Project Intelligence enhanced the magnitude of students _Ec:_mw:_,vmrﬁ or
d authentic tasks, at least in the short term” (Grotzer &

TEACHER: Look at the second box. What does it contain?
STUDENT: The same line with a circle beneath it
TEACHER: What change has taken place?

STUDENT: The position of the circle has ch i
the line. changed from above the line to below and transferablity to new an

Perkins, 2000, p. 496) ! Ceess
Project Intelligence, and 1ts courseware Odyssey, 1s offered as an exemplary success

S - otzer & Perkins, 2000, Marunez,
story aching of thinking (Adams, 1089, Grotzer :
3 Nickersom, 196 m. otzer, 1997) In short, it has earned 1ts place among

TEACHER: Observe the third fi i
: gure. How has it changed from the g4
STUDENT: The circle returned to the upper par, m:aﬂ has USOBMJMWMM_.

TEACHER: Look at the fourth fi o
: 5 gure. What has happened now? - e (1
STUDENT: The circle is again below the line, and it has beco! , o e inber o e it Eaﬁ.nmc 120 o
TEACHER: Al »and it has me smaller. “an increasing number of studes [that] provide e 07 p. 1126) Asyou can
Teachen AMMoqﬂMﬁ:ﬁw:ﬂa_ao:m_ozm ey i il people to think better can be worthwhile” (Perkins & Grotzer, 19 7 p. ) _r_ -.,,.351 a A
UDENT o Th cmm_o,zmmoozm:oma PoStions it roamect s e see. the course is consistent with the criteria for successful thinking skills c, .W, i
_ above, and from above 1o below. The cirsle Saw ﬁm ozm :»,5 0:53?::.2 ckills, the skills are taught within the spectfic context
nmne ,m

changed size in the third and § i

ourth figures . , . .
TEACHER: Y S hat s » expected to use them, teac hers and students model p_:_a;n:,vF
o that students are expecte are taught before all lower-level

anges occurred in all f : 1 or- or skills
mqﬂ%mﬂﬂ ﬁ“o%:_wm the change that all of these ‘mmcqmwo“%“am_m ROUESE, S e process of problem solving, and the higher andet :
: nge in the position of the circle. . skills are mastered

TEACHER: Yes. And would y

) ou call th i {
P M e changes in the Position of the circle
STUDENT: Alternating.

TEACHER: Yes The ci
- Yes, The circle mo
soitis rcle moves from above to beloy

an altemating seque W to above, re .

sequence peatedly, The Case for Improving Problem
v ol

Source: Adapted from Adgn —_— In the previous sections, you Jearned about three €

Charlesbridge Publishing o V- J- (1986 —_— . many other problem-s
Used with permisgion© 0PI € Qa%mm:%qwﬁmﬂ }» curmculum for thinking Watertown, MA have been used in schools. Of course, M ¢ & Perkins, 2000 Martinez, “
9e Publishin, - i c. Crotzer & . 2000, ‘ S Rl
9. 85 Main Street, Watertown, MA 02472 W.T.—a_w_ﬂu:. V».m._.h__, & F__:.”» _‘~4_ CMJ.,ANQM.”Z.»._‘ 1007 Ritchhart & Perkins, 20050 Sega

erkins, & Smith, 1985, Perkins € zen

e ATE :#4
[ e three courses are among
¢ _:3_5 1, & Gl 1085) have been L..J.lc_,ti but these three
- an, & Glaser, I%¢ :

-Solving Skills Instruction

\ssic problem-solving courses that
olving courses ({ hance, 1986
2000, Nickerson
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, . aroerams we have reviewed rate on the fo
st caresl Y Cului[“;’t:ulh:l\:ltl: l::;;g:;ﬁxt?llz",cms:stcm with the criteria, eachu;:;z{;ia
\ e ¢ probigeim-soly Lt ¥ . . Stdin
i:\:’\;‘:‘\-:\ll: \.: l:: \Ellipu ic problem-solving skills, Conlex:uallg(’js }he skills within tas. like
those the learnet 1s expected to perform, gives students practice in the process o.f Probler,
solving (ncluding modeling ol good pm(‘cdurcs),. and tegches blgher-ordgr skills befor
sudents have mastered lower level skills. Consistent with tbls emphgsws on teachz.ng
domain-specific skills and strategies, a recent review of effecllYe creativity training prq.
grams also concluded that the “more successful programs were hke_aly to focus on de‘if:!r:-p.
;\l\‘!\l of cognitive skills and hueristics . using realistic exercises appropriate 1o th,
domain at hand” (scott, Lenitz, & Mumford, 2004, p. 361).

What s the place of general thinking skills courses? Given the importance of the issye
vou might be surprised that there has not been more research on the cognitive conse.
quences of thinking skills courses. Perhaps it is easier to develop and market thinking
Jalls courses than o determine whether they promote appropriate cognitive changes in
learners Lhere is some reason for optimism, however, because each of the three courses
we examined appear to be supported, at least under some circumstances, by solid evalua-
ton results. Yet, in some respects, we are faced with a paradox. Although these problem-
solving courses appear to deal with general thinking ability, they actually focus on a series
of individual skills that help performance mainly on specific tasks like those used in the
program. It follows that a more fruitful approach to the teaching of problem solving would
be 1o 1dentify target tasks required for success in school and then teach the cognitive pro-
cessing skills required to succeed on those tasks. Embedding problem-solving instruction
within specific courses makes good sense, given the domain-specificity of problem solving
Maver, 1999 and 1s the approach taken in a new generation of successful programs

Thus, 1 presented these three classic programs only as examples to be examined rather
than as a sort of endorsement

(g

This review suggests that the future of problem-solving instruction rests with subject-
matter-speciiic programs targeted to specific cognitive skills, such as teaching students how
to comprehend text through reciprocal teaching (Brown & Palinesar, 1989; Palinesar &
srown, 1984) as described i Chapter 13, teaching students how to mentally represe™
anthmetic word problems (Low & Over, 1989, 1990, 1993) as described in Chapter 3.
teaching students how to analyze scientific information in a web-based information
gathenng environment (Azevedo & Cromley, 2004) as described in Chapter 11. In add-
tion future instructional efforts need to be sensitive to learners’ individual differences such

as their amount of prior knowledge. For example, Zohar and Dori (2003) reported ("
h-:h‘h!ng_ of thinking skills to high school science ;ludents was more effec‘.ll\'e for highe?
achieving students tha‘n tor lower achieving students suggesting that different techmgue
might be appropnate for students with low and high zlmoums of prior knowledge. Finalh
zc\-’.‘:n_ology can play a role in teaching thinking skills. For ex ‘13 Kumita Ts;;nﬂ. Huné
and Cheng (2003) developed an inter b-based muf:iirlnlgrs;{n::nu: reach thinkins

. »m-solvité
mprovements in medical problem-=

o active we
skills to medical students, which resulted in i
tasks as g‘-\\n‘l[un‘d Lo a control \:roup
The new generatio ink e
g on of thinking skills hstruction is based on four guiding principies
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i students learn four well-defined comprehension strategies: questioning, in which a
: student creates an appropriate question answered by the passage; (Iur'r]\»‘m,q in
13 { which a student idenuifies a potentially confusing part of the passage; '\"ummurz:mg.
m in which a student produces a summary for a passage; and pn‘du‘tmg, in which a '
e | student suggests what will occur next in the passage. Rather than try to improve
m students’ “verbal comprehension skills™ as a monolithic ability, the program seeks
© | to teach a focused collection of effective strategies.
;g g 2. Contextualize the skills within authentic tasks. General skills such as “planning”
5 i must be recast within a specific context such as “planning an outline for writing
e an essay.” For example, in the reciprocal teaching program, students work on
: authentic tasks, such as trying to make sense of actual text found in a classroom
e, | book. Rather than work on contrived exercises, students work on a real academic
- task.
8 3. Personalize the skills through social interaction and language-based discussion of
5 ) the process of problem solving. Practice on getting the right answer must be recast
: as including discussion of the problem-solving process. For example, in the
N reciprocal teaching program, students work m discussion groups, taking turns
o< ; playing the role of the teacher. They hear the teacher model how she or he goes
" | about using a strategy. They get to try to describe their own cognitive processes
Id ! and receive critiques {rom others. Rather than work alone at their seats, students
o- : engage in a community of learners working together to learn.
n { 4. Accelerate the skills so that students learn them along with lower-level skills. The order of
12 learning must be recast so that the focus is on learning to use both low- and high-
i order skills. For example, in the reciprocal teaching program, students learn
£r 5 high-order skills such as how to summarize at the same time they learn low-order
skills such as how to produce grammatically correct sentences. Rather than having
‘; to completely master sight-reading skills before learning comprehension skills,
& | students are able to learn both kinds of skills together.
or Where will the new generation of thinking skills instruction take us? Instead of relying
n- | solely on general problem-solving courses, every subject matter will incorporate teaching
1i- ! relevant cognitive skills. Mayer (1999) shows how school subjects such as reading, wnting,
ch i mathematics, and science can be analyzed into component cognitive processes that students
at ’ can learn. Rather than seek to improve scores on intelligence tests, the goal 1s to help
er students develop cognitive skills they need to excel on real academic tasks ranging from
€5 comprehending a passage to writing an essay to solving a mathematical business problem to
ly. testing a scientific theory. In addition to developing domain-specific cognitive skills, stu-
]n‘lg dents also need to learn domain-specific metacognitive skills (as descnibed n Chapter 11)
o so they can become self-regulated learners—that is, learners who 1qke responsibility for
monitoring and controlling their cognitive processing on academic tasks (Azevedo &
CTOmley 2004, Pintrich & Zusho, 2002, Winne, 2005).

Lets return for a moment to the thorny problem of Project Head Start—perhaps, the
of world’s boldest experiment in improving human cognition. Overall, research shows that
, students who receive experience in Head Start score higher on intelhigence tests than

matched control students immediately after instruction, but the 1Q advantage fades
away after 1 or 2 years (Martinez, 2000; Zigler & Muenchow, 1992). In short, the pro-
i 8ram appears 1o be successful in promoting cognitive change, but the cognitive effects
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Chapter Summary

This chapter investigated techniques for teaching students how to think. Four impor-
tant issues for designing instruction in thinking skills are (1) what to teach (ie, is
problem solving a single ability or many component skills?); (2) where to teach (ie.
should problem solving be a separate course or be integrated into specific subjects?);
(3) how to teach (i.e.. should students practice giving the nght answers for problems or
discuss the process of solving problems?); and (4) when to teach (i.e., should students
master lower-order skills before learning higher-order skills?). Historically, schools
began by teaching thinking as if it were a single ability: however, systematic research
seems to show that problem-solving training is most effective when the matenal o be
taught consists of a collection of well-defined component skills. Historically, schools
have taught thinking skills independent of subject-matter domains in hopes that such
skills would transfer to many situations; however, systematic research shows that stu-
dents tend to learn specific skills that can be applied mainly in the same kinds of con-
texts as the examples used during instruction. Historically, schools began with attempts
to teach thinking skills through drill-and-practice in applying rules; however, system
atic research suggests that students also profit from generating and analyzing worked-
out examples and comparing their own solution processes to those of experts
Histonically, schools began by insisting that basic skills be mastered before hx‘gher—ordff
skills were taught; however, systematic research shows that higher-order skills can be
learned along with lower-level ones.

This chapter reviewed three popular problem-solving courses—the Producti'
Thinking Progr;am. Instrumental Enrichment, and Project Intelligence. All share a focus on
individual skills (rather than general ability), being more effective on tests of specific trans
fer (rp_uher than general transfer), teaching the process of problem solving (rather tha"
focusing o product), and teaching higher-order skills before lower-level skills ae
mastered (rather than after).

The new generation of thinking skills instruction builds on these principles, and
exemplified by reciprocal teaching of comprehension strategies as described in Chapt®* 3,

problem representation strategies as described in Chapter 5, and metacognitive strateg®
as descnbed in Chapter 11 '
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