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YO d_"dmef ivestigates three instructiona methods aimed at producing meaningful leamning
through guided exploration-—concrete methods that make the leaming task more concrete, discovery
arming task more active. and inductive methods that make the learning
familiar. In each case. the learner explores a problem or task and is given various forms

gu:d.ance-—mciudmg ‘oncrete matenals (concrete methods), hints (discovery methods), and links
o prior experience (inductive methaods).

explains th

methods that make the le
task more

of

For each technique, the chapter provides an example,

€ underlying theoretical concepts, describes some representative classic research, sug-
gests some impl

ications for instruction, and provides current applications using computers.
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FIGURE 8-1 Find
the area of a
parailelogram

t‘ __ The Parallelogram Problem

m in Figure 8-1. How would you teach children ,,

Consider the parallelogram proble
problems like this one? Let’s assume t
area of a rectangle but have not yet learned

The Gestalt psychologist Wertheimer (19

hat the children have already leamned how 6
about the area of a parallelogram_
59) contrasts two distinct methods of i,

tion for the parallelogram problem. The f bk
and the base and to plug them into the (ormula Area = Height X Base. In the pary|

problem in Figure 8-1, the child must find that the height is 3, the base is 11, 50 the e ,

5 % 11. or 55. Wertheimer calls this approach the “rote method” because the child legry, .

mechanically apply a formula. The rote method' is SU@mfn??d in the top of Figure 8.
The second method suggested by Wertheimer (1959) is to gllow the child to b,
structural insight (ie., to see how a parallelogram can be chqnged into a rectangle by my,.
ing the triangle on one end to the other end). Once the child sees how to restructure tr
parts of a parallelogram into a rectangle, the child can go ahead using a previously leam:

7

method for finding the area of a rectangle. Wertheimer calls this approach the meaning;
method because the learner understands how the parts of a parallelogram fit together Tw
middle of Figure 8-2 summarizes the meaningful method.

Why should we be concerned whether a child learns by rote or by understanding? ls:
it enough to teach the child how to use the formula effectively so that the child can gei i
right answer on parallelogram problems? Wertheimer's (1959) answer to these quesiix:
is that understanding is important for some instructional objectives but not for others Fu
example, according to Wertheimer, both methods of instruction lead to good perfor
mance on standard problems like those given as examples during instruction. Thus, if the
goal of instruction is efficient application of a rule on standard problems, the meaning
method of instruction is not needed. However, what happens when you present childres
with unusual problems such as shown in the bottom of Figure 8-2? According ©
Wertheimer, the children who learned by understanding are able to solve transfer pr
lems, whereas the children who learned by rote say, “We haven't had that yet.” Thus. the
payoff for meaningful methods of instruction is not in exact retention of the taught m#
rial but rather in creative transfer to new situations. If the goal of instruction is that ¥

child be able to creatively apply learning in new situations, then meaningful methods ¢
instruction are important
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|GURE 8-2 Holo
f 5 meaningful
raa'-ﬂ"‘c’ﬁs . the
struction for
! allelogram

o

e

Area = h x p
Meaningtu method

Let the child cut the Parallelogram into parts ang rearrange them into a rectangle

Wertheimer and other Gestalt psychologists (Katona, 1940: Kohler, 1925) distinguished
between learning by rote and learning by understanding. Even though their work provides
many interesting examples of the distinction, the cognutive theory underlying the distine-
tion was not well spelled out. In this chapter, therefore, we investigate several well-known
attempts to provide meaningful methods of instruction: concrete methods, discovery
methods, and inductive methods. Each represents a form of guided exploration in which a
learner is asked to solve a problem and is given some support along the way
relating the problem to concrete objects (concrete methods), giv
learner on track (discovery-oriented methods), and relating the t
learner already knows (inductive methods).

—including
ing hints 10 keep the
ask to something the

Concrete Methods

EXAMPLE OF A CONCRETE METHOD

One way to make an idea more meaningful is to make it more concrete. F
the pare{llelogram problem, the teacher may make the concept of area more concrete by
using 1 X I-inch squares. Figure 8-3 shows how using 1 X 1 squares can gIve a concrete

or example. in
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FIGURE 8-3 How
many unit squares
are needed to cover
the parallelogram?

ver part of the parallelogram, we

If we put 131 unit squares ©
need 5 x 6, or 30, squares.

i S
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// —— o e

// e =1 |
/ |1

AN ——
v

If we move the triangle from one end to tr:’eso;hgr i:\i;os::;;::s

triangles with 1 X 1 unit squares, we nee ) ; .

e ———

The total number of squares needed to cover the parallelogram
is 11 X 5, or 55.

Source: Reprinted with the permission of Cambridge University Press.

way of representing area These materials are called concrete manipulatives because the stu-
dent can physically move and rearrange them.

THEORY: MAPPING CONCEPTS TO CONCRETE MODELS

Why does a concrete representation of the material to be learned influence learning? Ore
explanation comes {rom Bruners (1964) theory of cognitive development. Accordingto
Bruner, children develop modes of representing information in the following order:

Enactive mode—using actions to represent information, such as tying a shoe.

Iconic mode—using visualization to represent information, such as thinking of a
friends face.

Symbolic mode—using language or other symbols to represent information, such as
knowing that the area of a circle equals pi times the square of the radius.

In learning a new skill, such as arithmetic, several modes of representation may be
involved, as shown in Figure 8-4. The enactive mode involves the physical action® of
counting aloud with fingers; the iconic mode involves visualizing bundles of sticks %
can be grouped by 10s; the symbolic mode involves numerals 8

The development of understanding must progress through ‘the same stages as repres”

tation in intellectual developmen: understanding first by doing, then b visualizing &
eventually by symbolic representation. Br " . ’

lows: "We would suggest that learning mathematics may be viewed as a microcos™
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Source: Reprinted with the permission of C ambrndge University Press.

intellectual devel

opment. It begins with instrumental activity, a kind of definition of things
by doing’

" Eventually, mathematical operations “become represented . . . in the form of . . .
images,” and finally, “with the help of symbolic notation, the learner comes to grasp the
formal or abstract properties of the things he 1s dealing with” (p. 436). According to this
view, understanding progresses from the level of active manipulation of objects and images
and eventually leads to symbolic representation. Therefore, instruction that begins with
formal symbolic representations without first allowing the learner to develop an enactive
or iconic representation will lead to rote learning. Concrete manipulatives may be useful in
connecting one mode of representation to another,

RESEARCH AND DEVELOPMENT: CONCRETE MANIPULATIVES
IN MATHEMATICS

Bundles of Sticks Brownell (1935) was one of the first to demonstrate the important
pedagogic role of concrete analogies in school learning. For example, Brownell suggested
using manipulatives such as bundles of little sticks to conpr_etize the subtraction algorithm.
Suppose you wanted to teach children to subtract two-digit numbers such as 65 — 28 =
. One method of mstruction would be to drill the student on the subtraction
procedure as shown in the top of Figure 8-5. An alternative, which Brownell called the
meaning ful method, is to show how the problem can be represented as bundles of sticks. as
shown in the bottom of Figure 8-5. In this system, place value can be represented by tying
IC Y | undles of 10 each.
stlcll:\satif:?ut]rrz:;r}zh study, Brownell and Moser (1949) taught two groups of third graders,
one by the standard method and the other by the Tn_eanmgful me(hod. On sqbsequem tests,
both groups of children were able to solve two-digit subtracnon problems like those given
during instruction; however, the children who leamec_i with thf: concrete analogy performed
better than the standard group in learning to solve different kinds of problems. Apparemly‘
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FIGURE 8-5 10w
o make arithmaetic

o l Standard Method | o
65 | can't take & from 5, so | tf;mk of 5 as 15.
: is 7, ¢ ite 7.
2 8 from 16 is 7, and | wrl : o5
. Since | thought of 5 as 15, | must think of 6 a

2 from 5 is 3, and | write 3.

Mt;:,nqzl;i/f:ﬂ;'ﬁi"/ TN AT /;)7/;3@7;;;7/,13@7_/2@ UHIND 1y

ST <D I < D Y A,
28 = QDTN

65 - 28 'k!j/-f”;/';’/‘; T /W?W> /i

: the 6 10s.
65 | can't take 8 from 5, so | borrow a 10 from
28 | cross out the 6 and write a little 5 to show that | borrqwed a10.
. I write a little 1 in front of the 5 to show that | have 15 instead of 5.

Then, | subtract.

S —

Adapted from Brownell and Moser (1949)

the advantage of meaningful learning comes when the child is asked to transfer to new sity-
ations. According to Brownell (1935), a student needs to relate each piece of information
together within a meaningful framework: “One needs a fund of meanings, not a myriad of
automanc responses” (p. 10). Brownell noted that drill is appropriate only after “ideas and
processes already understood are 1o be practiced to increase efficiency” (p. 19).

Let’s suppose that concrete manipulatives such as bundles of sticks can help children
understand the concepts of number. place value, sets, and operations on sets. Is it better
avold teaching computational procedures until students first understand the conceplts, or
1S 1t better to present the computational procedures first and then show how they relate
concrete manipulatives? As Resnick and Ford (1981) pointed out, “This is the sort of ques-
tion that research has not yetanswered” (p. 110). More recently, English (1997) has shown
how concrete manipulatives—such as using bars and blocks to represent a two-dig!

or example, 43 can be represented &
tour 10-unit bars and 3 single-unit blocks, In thinking by analogy, when you are presented
with an unfamiliar problem such as4l3 - 27 = . (target P‘roblem) you can think o
a familiar representation of the problem such as representing 43 as a Coll;eélion of barsand
blocks from which 27 must be taken (hase problem). Then }'qu can think through you'
answer using the base problem—thay s, taking away two 10-unit bars. openi?xg e
away 7 and then counting the remmmrfg
N you can convery your answer from the b
: U problem. 43 — 27 = 16. Yet. like earlier work o
concrete manipulatives, English (1997) notes: “Research on analogiu.'a] reasoning in matl
ematical problem solving by elementary school children s in jrs infancy” (p. 199)

number—rely on a form of analogical reasoning. F

LO-unit bar into 10 single-uni blocks and takin
as one 10-unit bar and six L-unit blocks. The
problem into the form of the targe

Montessori Materials Mo
that can be used 1o teag

ntessori (1964 Lillard, )
‘h the structure unde
nais that ¢

s i:lli
005) deveioped concrete matere”
rlying arithmetic. For example, Figure

shows some Montessori mate : ;
¢ an be used 10 teach the concept of place V2

Jue
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These materials allow the child to progress from representing numbers as heads (with
units, tens, and hundreds) to expanded notation using the colored labels. to standard
notation using superimposed labels. To teach computational algorithms, the Montessori
materials include wooden squares with | printed in green, 10 printed in blue, or 100
printed in red. A problem can be translated from standard notation into colored labels,
such as shown in Figure 8-6. Then a child can learn the procedure of carrying as trading
in 10 green unit squares for one blue 10-square, or trading 10 blue 10-squares for one red
100-square. Once the child is proficient at such exchanges, the symbolic notation for
carrying can be introduced. For example, the 1 written at the top of the 10s column in the
standard algorithm corresponds to exchanging 10 units for one 10 in colored squares.

Dienes Blocks Another set of concrete materials was developed by Dienes (1960, 1967)
For example, place value and computation can be represented using multibase arithmetic
blocks (MAB), also known as Dienes blocks, such as shown in Figure 8-7. The blocks come
in units that are about 1 cubic centimeter; units can be snapped together into lines of 10,
called longs; longs can be attached to form 10 X 10 squares, called ﬂals; ,ﬂals can be piled
together to form 10 X 10 X 10 cubes, called blocks. Bruner and Kenney (1966) showed how
materials adapted from Dienes blocks can be used to tea;lz.he u‘nde;lymg structure of
factormg quadratic equations. Figure 8—8 shows that. mal;nakscznsnsl oxtll)n'!ti ( li. I by |
blocks), longs (i.e., blocks that are 1 by X), and flais (i.e., blocks that are X by X). To make a
square that is (X + 1) by (X + 1), you need one flat, two longs, and a unit, To make a square
square t /(X + 2) you need one {lat, four longs, and four units. To make a square that
Fha['ls X+ 2) l?,‘ (.3) -ou need one flat, six longs, and nine units, and so on. Once the child
is(X+3)by(X+3)y sing blocks such as the (X + 1) square, the formal notation can he
can represent Squareszuimf: + 2X + 1. Bruner and Kenney suggest that instruction should
ﬁi;.'en s:ch as (X +hillzir;, ‘a Cha:a‘ce to actively manipulate actual objects and eventually
gin by giving ¢

! ' blem.
progress towards the symbolic representation of the pro
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FIGURE 8-7
Dienes blocks for
numbers

FIGURE 8-8
Using modified
Dienes blocks to
teach quadratic
factoring

&

Biock
; iat
Unit  Long F (10 X 10 x 10
(1 x 1)(10 x 1) (10 x 10) )
%\“
—:‘\_ﬁ
X by X Square (X + 1) by (X + 1) Square (X + 2) by (X + 2) Square (X + 3) by (X + 3) Square
X X 1 X 1 1 X 1 1 i
X X Hx X X X Xiixtix
X 1 1 1 1 3
1/ o | T 1&‘0'[]'[1
X 1 X 11 11
Y s | w:‘_mnqngm
T odd
1 fiat 1 fiat, 2 longs, 1 unit 1 fiat. 4 longs, 4 units 1 flat, 6 longs, 9 units
(X)) = X2 (X+1)(X +1)=X2 +2X+1 (X+2)(X +2) =X2 +4X+4 (X+3)(X +3) = X2 +6X+9

Source: Adapted from Bruner, 1. S, & Kenney, H. (1966). Multiple ordering. In J. S. Bruner, R R Oliver, § P M
Greenfield (Eds.), Studies in cognitive growth. New York: Wiley.

Based on his observations of children, Bruner (1960) argued for the importance of
teaching the underlying structure of mathematics and science to children: “Grasping the
structure of a subject 1s understanding it in a way that permits many other things to i
related to it meaningfully To learn structure, in short_ is to learn how things are related.
The teaching and learning of structure, rather than simply the mastery of facts and teck-
niques, is at the center of the classic problem of transfer” (pp. 3-11). For example, the
child who learns through manipulating beads or blocks that 7 + 3 is the same as 6 + 4
2 + 8 has learned something about how arithmetic facts are related 1o one another

IMPLICATIONS OF CONCRETE METHODS

So far we have sampled some of the commonly used manipulatives in mathemat®
. - S . ; ) p : i
mstruction. Other manipulatives include attribute blocks, Cuisenaire rods, and geoboa®®
se materials are us : . b amatics
These materials are used i an attempt 1o present the underlying structures of mathemd
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erer?lln;g’foagfn;EZ:I:E{:;?W\m C.hildrcn.‘ During the 1960s, mathematics curriculg were
i i.n&a rews strufuu,rev-oncnitcd approach and to deemphasize d'nll and
Ford (1981) pey ,d ,ew O manipulatives u? mathematics instruction, Resnick and

. pointed out that there has heen very little research to identify the psychologi-
ity lmpo‘rtam structures that underlie mathematics: “The structure-oriented methods
snd malenab have not been adequately validated by research, and we know httle from
school practice about the effects of the curriculum reforms upon the quality of children’s
mathematical learning” (p. 126). In another review of concrete manipulative, Hiebert and
Carpenler (1992) concluded: “Despite the inuitive appeal of using matenals, investiga-
tions ,Of the effectiveness of concrete materials in classrooms have yielded mixed results”
(p. 70). 1?1 a more recent review of research on Montessori materials for teaching mathe-
matics, Lillard (2005) concluded that the question of whether children learn better with
concrete manipulatives “is ripe for empirical rescarch” (p. 57) and that “more research
?hQUId be done to investigate which types of manipulatives are beneficial to children learn-
ing mathematical concepts” (pp. 69-70). According to these authors, the effectiveness of
concrete materials can be enhanced when students have opportunities to reflect on the
underlying principles, perhaps through discussions with peers. In sum, concrete methods
must take into account the way that the learner tries to make sense of the manipulatives;

once a learner understands a concept, drill and practice may be needed to ensure increased
efficiency.

COMPUTER APPLICATIONS: COMPUTER SIMULATIONS
IN MATHEMATICS

More recently, advances in educational computing technology have made it possible 1o
allow students to interact with computer simulations of real-world objects and events.
These computer simulations—called microworlds—allow learners to interact with and
think about concrete representations of otherwise abstract ideas. Educational computer
simulations are not magical toys that guarantee meaningful learning, but when used wisely,
they offer a way of bringing the power of concrete manipulatives to a whole new level.

In the top-left frame of Figure 8-9, you see a number line running from —9 to +9 with
a bunny sitting on the space for 0. Suppose you wanted to have the bunny enact the pro-
cedure for the problem, 4 — =5 = ____, which you can read as “4 minus negative
5 equals what?” Write down the steps you would ask the bunny to carry out. If you are like
most successful problem solvers, your list would consist of the following steps:

I. The bunny moves to 4.

2. The bunny faces left.

3. The bunny jumps backward 5 steps.

4. The bunny lands on 9, which s the answer.

In this example, the symbolic number sentence 4 ~ —5 = 9 can be translated into a con-
crete situation involving a bunny moving along a number line. This concrete representa-
tion allows you to make a conceptual distinction between a minus sign (in which case the
bunny faces left) and a negative number such as —5 (in which case the bunny jumps back-
ward five steps).

Does practice in relating symbols to concrete situations help’students understand how
to add and subtract signed numbers? Moreno and Mayer (1999) tested this issue with
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a Joystick to move the bunny along the *computer screen, the experimental group used
where the bunny ended up l’hcn l}fj.[ - number line and typed in an answer based on
bunny correctly moving M(‘m' ey © computer presented an annotated animation of the
shown in Figure 8-9) ‘lrhtxs’ }E }]t \m”"h” line, encing with the final answer (such as
group also worked on f(‘l;llil‘lg):)}[ltf g":ﬁ%)s solved the same problems, but the experimental
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What was learned by studens i o P OK) , _
as memorizing that when the ‘g t‘ UP“—mly tend to form spec!,flc S-R assouauons’: suc_h
, i g question is “4 — ~5 = the answer is “9.” This
kind of very specific learning would not lead to much transfer on posttest. In contrast,
other students—particularly those in the experimental group—may have created more
general principles for understanding the problems. Many students enter the learning
situation with what can be called a negative-bias bug: a misconception in which students
fail to recognize that the *—" symbol sometimes is a minus sign and sometimes is a nega-
tive sign. Whenever a problem contains two “—" symbols, the students interpret this to
mean that they should find the absolute difference between the numbers and then either
place a negative sign in frontornot (e.g., =3 = 1 =2o0r =27 — =2 =Sor —=5. -8 +
—1= 7 or —7). I learning is more general, students may learn to make a distinction
between the minus sign (which means to subtract) and the negative sign (which means
that the number is negative), thus eliminating the negative-bias bug and increasing the
potential for transfer. In Moreno and Mayers (1999) slu—d): the control group displayed the
negative-bias bug 15% of the time on the pretest and 15% of the time on the pOSt[?S'l, su}gf—
gesting little progress in building a gcngral d:suncuon ‘betfwgen minus a}llnd negam—eaTg%e
experimental group displayed the negative-bias bug 23%'? the ‘_”“E Orle[‘ € pretest a? .
of the time on the posttest, demonstrating a large improvement 1An utlding a general prin-
ntly, building a general principle (such as the dlstmsnon between minus signs
accomplishment that may be an important key to transf;r.
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of distance-rate-time equations and fil] iy
as 400 for the ant and rate as 600 for the hel;.
copter). They could run the animation at any time and revise it based on what they sy, 4
\'n}ll ani .\Cc‘.'snl\'ing problems with the ANIMATE program hclpls students Ujderstand the
connection between words in the problem and a concrete visua represemanon. S[ydents
who received practice in using the ANIMATE program to wor kﬁon three m?e-rale-dlsmnce
problems (experimental group) showed large pretest-to-postiest gains in correctly solving
other word problems (i.e., up more than 300%). '

What is learned by the control and experimental groups? According to Nathan et 4
(1992), students in the experimental group are more likely than students in the conir|
group to learn general strategies for how to represent word problems—a skill they refer 1o
as being able to build a situation model of the problem. Consistent with this analysis, they
found that errors in representing the problem decreased only slightly from the pretest to
the postiest for the control group (i.e., down 10%), whereas such errors dropped greatly
for the experimental group (i.e., down 69%). When it comes to meaningful learning, i
appears that being able to build situation models using pictures of objects is a general skil
that can enable transfer.

My goal is not 1o review the volumes of research on computer-based tutoring but rather
to examine a few exemplary research studies on the use of computerized concrete manip-
ulatives. As you can see, there is encouraging evidence that concretizing an abstract con-
cept or procedure can help students understand and learn in ways that promote transfer

Further, computer-based visualizations seem to work because they help students build
general principles or strategies that ap
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this kind of instructt :
solving other word problems (Le.
to relate the problem to a concre

Trecy,

ant [‘vl‘ :

E -alort ¢ Age
side of the screen and select an IMAage ¢
screen. Then, they could create a systemm
relevant numbers (such as typing 10 rat¢

ply across situations—such as recognizing the differ-
ence between minus and negative or being able to construct situation models. In 2 pio-
neering set of studies, White and colleagues (Schwartz & White, 2005: White, 1993
White & Frederiksen, 1998) found similar ‘ ,
school students learn and discuss physics
crete computer game '

positive effects on understanding when high
principles within the context of a visually cor

In computer-based microworlds, the

student is able to rel - inciples to mor
s ab ate g al principles to
familiar objects by manipul general princip

ating simulated objects on the computer screen. The research
results are promising because they show that concrete manipulatives can be movéd prtvducti\'fi)'
19 !h‘c computer screen. The number of commercially a\'zih\b]‘ ducational comput¢’
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you intend to yse concrete
whether the Mmanipulatives wi]

atlves—either in computer games or as con-
manipulatives, an important consideration is

S0 much cognitive load in the learner that they

nterfere with learning. For ex '
found the us & For example, as described previously, Moreno and Mayer (1999)
ound the use of an on-screen concrete m l ’

line—helped skilled students learn ahoy
a computer-based educationg] game "
skilled learners. Stmilarly, Cam'pbc !
uves helped high-skilled third

| create

anipulative—a bunny moving along a number
addition and subtraction of signed numbers in
but the manipulative detracted from learning of less
Il and Mayer (2004) reported that concrete manipula-
graders learn (o solve equivalent fraction problems but

hurt the learning of less skille ’ ‘
P 1ng of less skilled third graders. To understand why manipulatives might
rt less able learners and help more able Je

learning. The more skilled le
Lo count or how to retrie
are able 1o proce

arners, consider the role of cognitive load in
arners have automated their component skills (such as how
ve basic number facts or how to use the manipulatives), so they
ss the manipulative without overloading their working memory. In con-
trast, the less skilled learners mug devote attention to L-urrymg out needed component
skills as well as 1o learning 10 use the manipulatives. For example, Uttal, Liu, and
DeLoache (1999) point out that “manipulatives are also symbols™ because “teachers
intend them to stand for . 4 concept or written symbol” (p. 37). Thus, concrete manip-
ulatives can be a double-edged sword when students must st ruggle to determine what the
manipulatives represent.

Further evidence concerning the possible limuations of concrete manipulatives comes
from carefully observing how students use them. Based on interviews with 13-year-old stu-
dents who learned to solve linear equations using concrete manipulatives, Boulton-Lewis et al
(1997) concluded that most students did not successfully use the maniplatives because of
“increased processing load caused by concrete representations.” Boulton-Lewis and colleagues
concluded that students did not use the concrete manipulatives because of the “processing
load associated with processing concrete representations” (p- 395), suggesting that manipula-
tives would be more beneficial for students who had more practice using them. Thus, when
students have not yet automated basic skills, “use of concrete representations by students was
counterproductive” (p. 395) _

Further evidence for individual differences in the effectiveness of concrete manu-
latives comes from a study by Fujimura (2001) on helping fourth graders in Japan solve
concentration-comparison problems. For example. consider the following problem: “Yukio
and Masachi each make orange juice by mixing water and concentrate. Yukio has
2 deciliters of water and 8 cups of concentrate. Masashi has 3 deciliters of water and 9 cups
of concentrate. Which juice 1s more concentrated, Yukio’s or Masashis, or 1s the concentra-
tion the same? Why do you think s0?” On a pretest with four problems, students solved
about 22% correctly e _

Some students were given a bref training using concrete manipulatives, consisting of a
magnetic board with blue strips tp_lrcpntacm deut\u_c’rs. oll }\-'ejtit‘rlal1q orange dk_"l? lf» W,P\[}‘i
sent cups of orange concentrate. The ealspcr:mem‘u. L:\Pf{“l C tlw Vsnuam'm"a.a she pl‘u.ac

o . of two children on the board along with a certain amount of water for each,
S S .rs of water for Sayuri and 4 deciliters of water for Haruko. Then the
such as 2 decrl»!lt'!;'; : };ﬂd to arrange the orange dots (6 for Sayuri and 8 for Haruko) so
G cirai o “ :\'uuld be "L'x;mph'!x?l\' mixed” in the “\\‘awrf' Students were also
that the “orange “-“_\hrr i t was more mmrxﬁr.uvd based on the manipulatives. Teachers
anked. to juclge “.l:u. ; l}]- ” : ?jwun‘ 8-10 shows the anticipated correct answer.
provided hints and guidance. Fig
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FIGURE 8-10
Using concrete
manipulatives to
represent a
concentration-
comparison
probiem
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Step 2: Help student place orange circles (representing cups of concentrate)

on blue strips (representing deciliters of water).
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Step 3: Help student determine which juice is more concentrated.

r

Adapted from Fupmura (2001).

On a postiest, students were given four new problems, without the concrete manipuli
tives. Students who received the concrete manipulative training showed a large improve-
ment on the posttest—now solving 54% of the problems correctly—whereas students
who did not receive the concrete manipulatives did not show much’ improvement—now
solving 26% of the problems correctly. Clearly, exposure to concrete manipulatives helped
students learn to solve concentration-comparison problems. As vou can see. the training
was done in a way that minimized cognitive load. In subscquenf studies ~Fui‘imura found
;h‘.:; the concrete manipulative traimng greatly improved the Pt‘Tformam:e‘ of students who

ds rere iticite elrille S
f::‘r juf:;?:’;{[ﬁr; r; :1u].:11i:dsir\)lrl‘l\sr : i::::ii ﬂi l;)lr‘\ [h‘c preteslr to 77% on the posttest) but n;l‘f

site skills (from 12% on the pretest to 25% on the

posttest). Consistent with other studies cane :
§ >, COncCrete maninp it 2 i Skl“ stu
dents more than lower skill students F ulat Ives htlpCd hlgher

Two major implications of research

On concrete manipulatives : requisité
knowledge of the learner can ol Yipulatives are that the prereq .

ay ; i g _ ;

manipulatives can play an imp t * "“ll‘on‘"” role, and the cognitive load lmpo‘“d !’

! an piay ortant role. In sho :  when (¢
- SHOTL, manipulatives work best whe
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ways that are sensitive to the cognitive load
nost Montessori materials are designed to be very
ed for empirical evidence concerning their effectiveness.

arner. For example
ugh there is 3 ne

Discovery Methods

EXAMPLE OF DISCOVERY METHODS

Lets return 1o 1 .
make the rule fhf ?ar;”“h’gfam problem shown in Figure 8-1. What else can be done to
- S 1or > Ny . ) i
Inding area more understandable? One suggestion is to encourage the

learner to try to solye > :
Bk soxart )i} to solve Pft)bicnls actively before being presented with the rule to be learned.
learn ; : pl€, you could give the student g paper parallelogram and a scissors and ask the
earner to ¢ e
Cut up the paper and rearrange it as a rectangle. In this case, we want the learner

to cut the -mangle from one end and place it on the other end (as shown in the middle
frame of Figure 8-2). Then, the rule can be given.

THEORY: THE JOY OF DISCOVERY

Bruner (1961) helped instigate modern interest in discovery learning in his famous essay
“The Act of Discovery.” Bruner’s paper distinguished between two modes of instruction:
expository mode, in which the teacher controls what is presented and the student listens,
and hypothetical mode, in which the student has some control over the pace and content
of instruction and may take on an “as \f” attitude. The hypothetical mode allows the learner
to discover new rules and ideas rather than simply memorize rules and ideas that the
teacher presents. According to Bruner, the discovery of rules results in better learning—
because the learner has organized the material in a useful way—and results in the student’s
becoming a better learner and problem solver in general because the student gets practice
in processing information.

RESEARCH AND DEVELOPMENT: DISCOVERY OF RULES

Although Bruner is an eloquent proponent of the d1.<c\oﬁ\‘¢ry melhod a\nd althoggh his sug-
gestions were implemented in some curricular projects (Davis, 1973), you might wonder
whether there is any empirical evidence tha; discovery t‘phances learming. qumg the
1960s a flurry of research was concerned wu‘hrthe question of how much guidance a
4 Id provide (Shulman & Keisler, 1966). Ah.hgugh the rftsezirchers often used
teauhe_r Sg-(;-};,e,ﬁ wavs. we can define three basic levels of guidance in instruction:

terms in di yS,

g ( scetves representative problems to solve with minimal
SCOVETY. e student recemves
1. Pure discovery. Th P
each gmdancc‘. "- e
deJ erJ ry. The student receives prohlems to solve, but the teacher provides
 1od diccovery.
ey Cl]\(; t 'uon-: about how to solve the PTONen] to ket’p the student on track.
direc s abc

hints an answer or rule is presented to the student.

3. Expository. The final
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used to help students learn how to solye l

an be : -
al reasomng problems.
56) was the forerunner of ol =

en training in “ﬁnding the word t
al

Lets look at how these methods ¢ ‘
oblems and mathematic
o by Craig (19
Logical Reasoning An emjl}‘ Sm.d) jb)u(; wcbrt" giv
method-of-instruction studies. Studer le, given
of five words. For exampic,
is 1o mark CYCLE because it does not share the same inijg) soungd
answer is ark Gyt e b i . :
of the other words. Items were Ofgd‘mZ“d in sets of four, all having 1,
| 1) and each training booklet contained severy] such

reasoning pr

doesn't belong” in sets

CYCLE SFLDOM

the appropnaie
(1.e., “sigh”) as any
same relational rule (e.g., initial sounc
§ lx:‘l-::in:ii:t:ic'l'mnal methods were used: A Smded discovery group was told the relatigy
, R b B 4 Ceaal "y at the beginning of each set of four items but was not 1o} the
fr:g ook lou nitialgoind’y ef . -alled “pure discovery,” was not gi
answer per se; the other group, which cou!d be catied "pt wi 2 p Ot given an
hints. Results indicated that the group given some gU‘_dame earne more €ﬂlc&ent}}v_
retained more, and transferred just as well as the pure dlscqvery group. This study calj;
into doubt the emphasis on extreme classroom freedom and 1ndependepce; some learner
simply may not be able to discover the appropriate concepts and rules without some direc.
tion from the teacher

Kittel (1957) reported a study using matenial similar to Craigs but that involved all
three levels of guidance—pure discovery, guided discovery, and expository. The training
like Craigs, involved giving the learner a set of five words, such as

GONE STARI GO STOP COME

and asking the learner to mark the word that doesn't belong. In this example, the relational
principle is “form two pairs of opposites”; hence, the correct answer is “GONE.” In the
training booklets, each set of three items had the same principle, and there were 15 such
principles i all.

Some subjects were not given any direction (pure discovery); some subjects were told
the principle (e g, “form two pairs of opposites™ for each set of problenfs but were not
given the answer (guided discovery): some subjects were told both the principle and the
correct answer for each problem (expository). Figure 8-11 summarizes some of the major
results of the study. As Figure 8-11 shows. the pure discovery group performed worse than
the other two groups on immediate retention, suggesting thaLt pure discovery resulted in
less iniuial learning On tests of transfer and long-term retention. the guided discovery
group outperformed both the pure discovery group and the ex OSit. ATy group. A ;manll(
the pure discovery group did not discover many of the prinir L e addi
tion, whereas the guided discovery and ex sl ,e Piicipies Hting Weniag o krl
amounts during initial learning, the extra rgf:[--or} ol ik bave Ieamt‘d Bq“};:
guided discovery group to retam i m{mf’n 1:, ‘s:,l’ngdand thmkmgAdunng k_?arnmg fedt ’
thé exposiiory groug “Hon and transfer the information better that

Mathematical Reasonine - 3 .
discovery methods ?on}:ng the foregoing resulss Suggest that a major drawback of put
overcome this . -ht:, s Sueitn may fail to discover the underlying principle B
7 U “ r‘ - £ . ~ 4 \ g S
learned to suhrjelx- Z’: 2gné and Brown {961) conducted a study in which studen®
¢ 2 50 L S 3y P S Y 7 S
e 4 using three different inszrucm‘m:

rnf'[h(’(i'% r(‘r {}\:"n"}"ﬂ d{'rl\'{‘ lu]-mu!
- -8 RAAIDIe, -
ompute the sum of “1.3.5.7.9 .. = gnd

students learned how to ¢

308 secnon il instruction

e e oy

T r—

e o L a—



FIGURE 8-11
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pe given gunng

TABLE g-1
Ef‘facts of
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g ; 5 r LI Pure discovery
|‘ £ Expository 2% |
| il & Guided discovery =
| ! g r— BTN 2 ;
i — E -
§ 3 .' 3 M !‘
R | R - R
3 = 4
g 4
: 11— :
< ? - =
1+ : ; 3
— A s TSE W A N
Immediate Delayed Transfer
retention retention

eource: Adapted from Kitel, J. (1957). An experimental study of the effect of external direction during

‘earning on transfer and retention of principles. Joumnal of Educational Psychology, 48, 391405

to write a formula for the series, In the pure discovery method students were given
problems to solve; however, if they were unable 1o solve the problem, hints were provided
until the correct principle was found. Thus. the pure ciscovery method was modified to
make it more like guided discovery (i.e., to ensure that the student actually learned). In the
guided discovery method, problems were given along with a systematic succession of
questions to aid the student, thus, providing more guidance concerning how to solve the
problem. The expository group was given problems along with the solution formula
already worked out. All students had to continue working until they were able to master
four separate series; thus, all students were forced to learn equal amounts,

Table 8-1 shows the amount of time and number of errors in learming under the three
methods of instruction and the amount of time and number of errors on a subsequent
transfer test for the three treatment groups As Table 8-1 shows. the guided discovery
group took the longest amount of time to learn but performed best on the transfer test, The

Pure Discovery Guided Discovery Expository
Time (min) Errors  Time (min) Errors  Time (min) Errors

Learning phase 28 6 46 17 4) 9
8 2 -
Transfer phase 20 2 17 1 27 6

Source: Adapted from Gogné, R M., & Brown, L. T (1961). Some factors in the programming
0! cw‘{ept:;ai Jearming. Joumal of Expenmental Psychology, 62, 313-321.
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IMPLICATIONS OF DISCOVERY METHODS

Our review of research

s

on discovery identifies the following patterns:

Pure discovery methods often require excgssivg amounts of leammg time, result i,
'nfu-:-\‘x-\ik of initial learning, and result in inferior performance - transfer ang
1:)1*1 :';1 ;e.lijlilléfvﬂ. However, when the principle to be learned is obvious o When

a S[?:ct criterion of initial learning is enforced, pure dlscoyery learners are likely 1,
behave like guided discovery learners. Apparenll)’,_ pure discovery encourgges
learners to get cognitively involved (Anastasiow, Slblf:)l Leonhardt, &.Bo‘nsh, 1970)
but fails to ensure that they will come into contact with the rule or principle ohe
learned _ :

Guided discovery may require more or less time than expository instruction,
depending on the task, but tends to result in better long-term retention and trans.

fer than expository instruction. Apparently, guided discovery both encourages
learmers to search actively for how to apply rules and makes sure that the learner
comes into contact with the rule to be learned.

Expository instruction may sometimes result in less learning time than other meth-
ods and generally results in equivalent levels of initial learning as compared to

guided discovery However, if the goal of instruction is long-term retention and
transfer, expository methods seem inferior to guided discovery. Apparently, in some
situations, expository instruction does not encourage the learner to actively think
about the rule but does ensure that the rule is learned.

When the goal of instruction is long-term retention and transfer of learned principles, the
teacher needs to use enough guidance so that the student finds the to-be-learned principle

but not so much guidance that the student is discoura
standing how the principle can be a
to play an important role because students with low
ance,

ged from working actively on under-
pplied. The learner’s level of prior knowledge 1s [tkfﬁl)‘
prior knowledge may need more guid:

whereas students with high prior knowledge may need less guidance.

COMPUTER APPLICATIONS: DISCOVERY N COMPUTER

PROGRAMMING
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GURE 8-12
gime LOGO
commands

e
| Begin with the turtle facing the top of the screen
'“‘"‘-_'—“"‘\
>
RIGHT 90 The t
urtl its ri
\ : € lurns 90 degrees to its right.
P cas
F
dre ORWARD 50 The turtle moves 50 steps in the direction
i itis pointing.
(T,
—h
LEFT 90 The turtle turns 90 degrees to its left.
Ml
.
BACK 50 The turtle moves 50 steps in the direction
i opposite of where it is pointing.

Figure 8-12. You can turn the turtle by issuing commands such as RIGHT or
LEFT . where each command is followed by a number that indicates how many
degrees the turtle will turn. For example, RIGHT 90 means turn the turtle 90 degrees
clockwise from its current position and LEFT 90 means turn the turtle 90 degrees coun-
terclockwise from its current position. You can move the turtle by 1ssuing commands such
as FORWARD or BACK | where each command is followed by a number
indicating how many steps the turtle will take. Examples of these four commands are given
in Figure 8-12. :
Suppose you want to draw a square. What commands would you type into the key-

board? One way to correctly solve this problem would be to type

FORWARD 100

RIGHT 90

FORWARD 100

RIGHT 90

FORWARD 100

RIGHT 90

FORWARD 100

P Is (using abbreviations) were produced by a child who

lowing commari
' 1080)

uare (Papert,

However, the fol
was trying to draw a sq

FD 100
RT 100
FD 100

vious command.)
ERASE 1 (This undoes the previous t€ i
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b

Ri 10
LT 10
LT 10
FD 100
RT 100
LT 10
RT 100
LT 10
FD 100
RT 40
FD 100
RT 90
FD 100

As vou can see. the child had a difficult time turning the _[“”1‘3 ml ng}:lt angles, presyp,
;1l)l;' because the child did not know that 90 degrees 1s a right an%’, e.h OWeVer, once you
have developed a program to draw a square you can name and ’Sq\-e )l 6. };T.Ogram, such g
by naming it SQUARE. Then you can “call” this program at any Flfm( Within another pro.
gram simply by typing SQUARE as a command. For example, if you wanted to dray ,
house (1.e., a square with a triangle on top), you could use the _SQUARVE Ccommand
within your program because drawing a square is a CorllpgneQL 1.n drawmg a house.
Then you could name that new program HOUSE and use it within a larger program,
and so on.

According to Papert (1980), as children explore LOGO, they develop “powerful ideas”
concerning how to solve problems procedurally—including how to modularize a program
and call each subprogram when needed. What evidence is there to support Paperts
demand for unrestricted, hands-on experience in a LOGO environment and his claim that
learning LOGO will transfer to other problem-solving domains? Regrettably, the evidence
that is available does not support the use of pure discovery as an effective instructional
method. Real children in real classrooms generally have difficulty learning even the
fundamentals of LOGO programming (Dalbey & Linn, 1985: Kurland & Pea, 1985,
Mayer, 1988; Pea & Kurland, 1984: Perkins. 1985). For example, Kurland & Pea (1985)
tested seven children, ages 11 10 12, who averaged more than 50 hours of hands-on
LOGO programming learning under discovery conditions. Children were given programs
and asked to predict the output. The children had little trouble with short, simple programs
that mvo!ved only commands to move or turn the turtle. However, on transfer problems that
involved using fundamental programming concepts, students performed poorly. Through
in-depth interviews, Kurland and Pea found that the children had developed incorrect
o g S, Farbermar.cvn though. o of
absence of instruction” (p 24)_“\ .\‘ a( mft.mumn' pLU‘E—dlscovery students faced a
p!‘nd’_l('[!\’o l(=JI'ﬂH1g of 140‘('}\) an‘dptl;;??[ \ handS"OI’I exPerience does not guaram;i
mediated within ;ml':nsxrucnonx;l “ontex bt e SUEBTSE Lt “Hiscovery HEE

Similar difficulties have been 0;,:?;::3 &p‘. ¢42). A
language” (Bavman & Mayer, 1093; Limj 11TIL):Pder’u$ learning BASIC, anolheT nbegmnedfv
(Bayman & Mayer, 1983 Maver ey I '3.>MAa)-g_>r, 1985). For example, in one leSiIé
either through hands-on t‘N]M‘;‘mﬁ-e )onl “_“ “achieving college students learned BA

y or through hands-on experience supr’lemen[e
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with dl]’(ﬁ(} instruction in the basic Programming concepts, such as how data are stored in
memory. S;udems who learned with only hands-on experience exhibited many miscon-
ceptions of fundamental pProgramming concepts, such as not knowing how data are stored
in memory, not understanding where incoming data come from, and not understanding
hovt' the computer d.eterm'mes which command it wil] follow next. In contrast. as expected,
students who were given direct instruction in how these concepts related to each command
displayed many fewer misconceptions, On Programming tests involving transfer, such
as writing or interpreting complex programs, the group given added direct instruction
performed better than the hands-on only group. Although hands-on experience was not
effective for low-achieving students, complementary studies found that hands-on experi-
ence was effective for high-achieving students. Presumably, the high-achieving students
came 1o the learning situation with appropriate knowledge they could use 1o interpret their
programming experiences. These results show that hands-on experience does not always
lead to meaningful learning of programming concepts, especially when students lack appro-
priate prerequisite knowledge.

In summary, there is very little evidence 10 support eloquent calls for pure discovery as
the way of teaching programming to children (Mayer, 1988). Based on the present
research, the most productive approach appears to be a mix of teacher-based instruction
and student-based exploration. However, students need to be tested frequently to deter-
mine whether they are acquiring useful programming concepts. 1f they are not, direct
instruction is warranted.

Guided discovery is helpful because it helps students reflect on their learning so they
are more likely to build general principles and strategies that enable transfer. What are
some general principles in LOGO? Two useful design principles are modularity (breaking a
procedure into parts) and reusability (using the same subprocedure more than once).
Regrettably, many students who learn LOGO through hands-on exploration fail to develop
basic design principles such as modularity and reusability (Fay & Mayer, 1994).

Suppose you wish to provide some guidance to students as they learn to program in
LOGO. The first step could be to introduce them to the concepts of modularity and
reusability before describing any programming command. For example, Figure 8-13 pre-
sents the concept of modularity in concrete, familiar terms without any computer com-
mands. As you can see, a large task (drawing a house) is broken down into distinet subtasks
(drawing a roof, frame, and door). To help them apply design prinmp]esf to LOGO, studf:nts
can be given some programs to write along with hints, such as shown in Fhe house assign-
ment in the top of Figure 8-14. After they finish their pgxgram, they receive feedback that
shows step by step how to apply modularity and reusability to the house program, as shown
in the bottom of Figure 8-14. The feedback is intended to foster reflection on how the
design principles can be used in \w-rltir}g LOGO programs. e

Fit)-' and Mayer (1994) taught LOGO programming to comp_ule‘r-nmC\l eba,'o]lalege stgc?ems
using a discovery or guided discovery method bom_e students !caTng v : eing 'gn erfl a
manual about LOGO commands and then engaging in hands-on wrinng ot programs tor

i ssignments over four 1-hour sessions (discovery group). They were allowed
PRI HSE 1 € s and revise them if they did not work. Others received
to run their programs on computers an N . bl ‘

, -e along with a bit more guidance about design principles, including
the sae experience d0ng s des iples, hints on the program assignments
receiving general pretraining lnn the design }:’r‘nL«u-k(?‘[ \ lih ik 1-E1v1-an1< R
to promote use of design principles, and feedback about he kel

e ‘o e
design pnnciples (guided discovery
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FIGURE 8-13 [P o W e
Excerpt from design
instruction

! Modularization , . k down the list into smaller
{ S A : tructions is to brea . ?
| One way to simplify a list of ins uld consist of a shorter set of instructiong

eable units. Each unit wo ‘ uct
tr:;r imgafe easier to follow. First, you have to decide how to break a list into

ivi ist i f the drawin

| i i de the list is by the paris o g

H arts. With a drawing, one way to divi :

i ﬁf‘gjr house example, there are 3 different parts: t‘he roo’f{ the galme' and the
door. Each part can be identified as a separate unit, as shown below.

[ ]

| f B

i House = Roof + Frame + Door

|

e Second, take each part, one at a time, and write the instructions for that part.

i 1

||| Tomake the frame " | To make the door To make therl
{l | Move forward 1 inch ’ ; Move forward 1/2 inch Move forward 1 inch

| | Tumright90 degrees | | Turn right 90 degrees Turn right 120 degrees
|  Move forward 1 inch i Move forward 1/2 inch Move forward 1 inch

’ Turn right 90 degrees | | Turn right 90 degrees Turn right 120 degrees
[l | Move forward 1 inch | | Move forward 1/2 inch Move forward 1 inch
| Tum right 90 degrees | | Turn right 90 degrees Turn right 120 degrees
[l | Move forward 1 inch | | Move forward 1/2 inch End of roof

(|| Tum right 90 degrees || Tumn right 90 degrees

'\ | End of frame | End of door

| I - i

ource: From Fay, A L, & Maver R E (1994). Benefits of teaching design skills before teaching LOGO
computer programming: Evidence for syntax-independent learning. Journal of Educational Computing
Researcn, 11, 187-210. Copyright 1994 Baywood Publishing Company. Reprinted by permission.

Does focused guidance affect learning? In writing programs during the learning phast
of the experiment, the guided discovery group created modules and reused them often.
W h?:eas the discovery group rarely did. This evidence shows that the guided discovery
students were better able 1o deaeiup an undersmndmg of general design principles. Ona
ostiest m_a':}?‘vmg new LOGO Programming problems. the guided discovery group
3}".*“1-5:“.‘6& a ’W;f:” p‘crcemage correct than did the discovery gTOUﬁ. This evidence indicates

Ng the design principles helped students transfer their learning of LOGO ©

¥e,

°

that learni

new problems. However the erouns Aid - - th
I t o MG BTOUps did not differ o s it , durect!
related 1o th &70UPS did not differ on posttests that were not dif

ed ,r;\;,h f”;kf':e; ;):f{ 'm‘oc%:,i‘.am}- and reu‘sahw;lu}: such as tests (.,f spatiafle;?;'

PR e are consistent with the theory of specific trans i

:{’i:gr{-i; n«lr::a\ : :\ :L rt*a;u:z”’ \\”ht enhanced b& gui‘dinfg students m“l%w;

ely solely on ;”‘6 6\;‘&T:z':ul:}‘.rc.‘ateci to writing LOGO programs. e

LOGO E'm'r":i;*;:-'rn;, but the Lm-(- ,A.,;v" ‘,'c ”“‘\?Hhmm any guidance—they learn m-po is
prog t PTORTams are inelegant and transfer to new programme
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ket s e, s i ——
aitd (‘.L,:llldnﬁ Assignment 1 Write

piv

fi

L

8 PIOGIAM. namer Licw
Program, named HOUSE, that witt draw the house below.
s

/

Haw 1o Des_ign Your Program

.], ?mdk mrmn tﬁe Program into smatier parts (MODULARIZATION)
<. Lheck 10 see if there are some parts that are the same. t*féfe.a;e one

procedure may be used for both parts. (REUSABILITY:

3 f.flb«.k 6ach par 1o see if there are sequences of aczsor’:s that are repeated
!_h_e l§{>e§isd sequences will be written using the REPEAT command
(HEUSABILITY)

A Wm(s a procedure for each of the parts, one at a time. (MODULARIZATION)

5. a) RHun the procedures, one at a ime, and edit any mistakes
(MODULARIZATION;)

) Note the location of the turtie at the end of each procedurs. if necessary,
wille the commands that will move the turtie to the proger location for it
6 draw the next procedure

Arrange the order of the procedures and write a procedure named HOUSE

that includes the procedures for the parts and the “joining” commands. Run
the procedure HOUSE and fix any errors

Bxample of How io Design and Writs Assignment 1
1. Break down the program into smalier parts. (MODULARIZATION)

ey
y 1]
'
/A_Q Root | Frame . Door

2 (Check to see if some parts are the same. (REUSABILITY)
Frame and Door are both squares. Can make one procedure and use a vanabdie
input to change the length of the sides.

4 Check each part for repeated sequences of actions. (REUSABILITY)

Door and frame are squares. A square repeats the sequence “‘move forward, turm
right” 4 times. Can use REPEAT command.

foof is an equitateral triangle. it repeats the sequence “‘move forward, tum
right” 3 times. Can use REPEAT command

4 Write a procedure for each part. one at a time (MODULARIZATION!

i

IMTO sauARE:S|DE W#— This is the procedure to make the *&*@
REPEAT 4[FD SIDE RT 90] | and the door. SIDE is the length of the sides

EN {continuec’

e ——— e
s —

cteness, Acit and Familarty 315
’ e P Drensching Cox soness, AChvy, 3nd Faremanty
Chapter 8 Teaching DY Providing ConCreieness, =
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TS
FIGURE 8-14 r 76 TRIANGLE SIDE i | 1his is the procedure to m%ke the roof.
{continued) , ; REPEAT 3[FD:SIDE RT 120] | SIDE is the length of the sides.

! | END e

ommiingenie

5. a Run the procedures, one at a time, and edit mistakes. (MODULARIZATION)

SQUARE 80 ’ 3

SQUARE 20 ]

TRIANGLE 80 D

b. Write commands to move the turtie from its position at the end of one procedure
to the correct position for it to start drawing next procedure.

Each procedure started and ended with
the turtle facing the top of the screen.

———

[ To move the turtle from end position of the
] LELJ | door to correct position to start the frame
LT80  FD30 RT 90 you need the commands LT 90 FD 30 RT 9¢.
{}—— To move the turtle from the end position of
L0 I the frame to the correct position to start the
FDBO RT 30 roof you need FD 80 RT 30.
Example of Program HOUSE
[ Other Procedures
TO HOUSE ] ©
SQUARE 20 | TO SQUARE SIDE
LT 90 FD 30 RT 90 | SQUARE SIDE REPEAT 4[FD:SIDE RT 90]
SQUARE 80 j END
FD 80 RT 30 i
| TRIANGLE 80 * : TO TRIANGLE:SIDE
END _j[ TRIANGLESSIDE | pepeaT 31FD:SIDE AT 120
I S END

ample shown on the previous page.

|

—————

Source: From Fay, A [, & Mayer, R E (1 994),
computer programming: Evidence for syntax.
Research, 11, 187210, Copyright

Benefits of teaching design skills before teaching LOGO
1994 8 xndependent learning. Journal of Educational Computing
aywoood Publishing Company. Reprinted by permission.

limited

4. In a more recent stug

ly. Lehrer Lee,
was greatly ent

anced when student< and Jt‘ong (1999) found that LOGO learning

. il el ,sum‘m.s were €ncouraged to reflect on program design by fak-

S O Program designer for peer audiences o )

In another LOGO 4 ) >

i1 al A ;,\,gg[['!" Do g s i

LOGO based or : { 1dy, Lee and fhompsnn (1997) provided 16 hours of instruction i

[ 5 NS Dased on a discover e 2 ) N e
UISCOove Iy or .L.lel.’d dlS(‘O\'ery m(“h()d In parl session 3” g[udem.\

cion 1o new progrs ’ 3 3

: X ramming ¢ g ming

roblems for in-clace € & Commands - pte ram
problems for in-class studen aCtivity, Guided 4. ds and sets of LOGO prog o
¥-Luided discovery udents received a worksheet !

received an introduy
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guided them throup
errors, and clvhug
steps. l')m'uvcry

h the processes of de
BINg errors, and ¢}
: students received
was free ranging. Postie
discovery students on

composing, planning, executing, identifying
assroom discussion was tied to reflecting on these
A I(\.‘gl:]::i f:lln'mturm.l worksheet, and classroom Q1<x:114,45i()xx

f ie guided discovery students outperformed the

almost every acr |

: 15pec ogrammin ‘

generate and debug programs Y aspect of LOGO programming, including being able to
.l Yy A5 ™~ B

Overall, researc i
all, research on teaching ¢
. ¢ C( ' A X
benefits of guided die b computer programming serves as a case example of the

can result in deep 1«.';\)1(‘1(1"1:1‘;‘] ?’)r”:;:;;:)t ;).\l-'c.r pure dlt»cmfgrry e, iiands-'cm.cxploramm
learn general principles anld %l.rm- o ;)dﬁfiﬂg, depending on the degree to which students
ecwnsa students foil ¥ ga;n ‘m;., 3. UTLV discovery mti'lhods often fail to support |ran5ftf
I ¢ insights they need; in contrast, appropriate levels of
;._,lﬂddﬂ(& can promote transfer 1o the extent the enable student build generalizable
principles and strategies, The ko {.y“ e .’luc ents to build gene r.j.a r’za’_ ¢
s been seelicured o e doon tert esults, first popularized in the 1960s, o'nuf again
. > domain of teaching and learning computer programming.

In a rt‘cgnl review of research on discovery methods in three different subject areas,
Mi‘YCf' (2004a) concluded that “there is sufficient evidence to make any reasonable person
skeptical about the benefits of discovery learning” (p. 14). In each of the three areas of
research, “guided discovery was more effective than pure discovery in helping students
learn and transfer” (p. 14) prompting Mayer to ask, “Should there be a three-strikes rule
against pure discovery learning?” (p. 14). Similarly, in a recent review of research on scien-
tific discovery learning with computer-based games and simulations, de Jong (2005) con-
cluded that students learn best when they are given substantial guidance rather than left to
work through a simulation on their own. The guidance can take the form of scaffolding, in
which a tutor models how to carry out part of a task, provides hints for how to carry out the
task, or fills in important parts of the task for the learner. Although games and simulations

have much potential for helping students learn, de Jong notes that “finding out which
types of guidance are effective in scientific discovery learning s the main research question
for the coming years” (p. 224)
Perhaps discovery works best whe
problem-solving strategles such as learning

n the goal is to help the student engage in high-level
how to conduct unconfounded scientific experi-

ments (as described in Chapter 6). For example, cnnsi@cr the following situation: You let go
: mhill ramp to see how far 1t travels after it leaves the bottom of the ramp
of a ball on a down . long or short, have rough or smooth surfaces, and have high
You can choose ramps that ar& an, ;7},3 H Nora gx;!{ ball. For each ramp vou construct, 2
low steepness, and you choose a rubber batl OF & &7 h £
A% " bhall and see how far the ball travels after leaving the downhill ramp.
you can let go o'[‘lhf 7&'[2(')314“ examined this situation using pure discovery and guided
Klahr and Nigam | k }; rc—i- and fourth-grade students (pure discovery group) were
discovery methods. S0me (ﬂ't;m‘,! length of the ramp determines how far the ball will 4
allowed to test the hffpm_ht_:) h‘;mhezg that the length of the ramp determines how far
travel. For example, t0 l(.’st'l f h[ camp. the tudent may place a golf ball on a short ramp
the ball will travel after leaving the “dm‘: (shown in the top of Figure 8-15) and compare

g = steep dL ~ 4 1
with a smooth surface and stee} mp with a rough surface and shallow decline

on long ramy ’
that to placing a rubber ball on long h this comparison, of course, 1s

__ a 15). The trouble wit - -
{shown in the bottom of Figure Bk s not possible to attribute any ' ;
p d ‘ 5 i 3

1 wvarables S0 11
® 1 4 ceveral vanables _ :
founded seVt pis long or short. Students in

that the student has Lm;  ball travels to hether the ram . e
differences in the length the > ;r 1o conduct experiments and interpret the resuits but
: z were ee Wb ¥

y 1p
the pure discovery 84t menter

2 ean It
thev received no 1nst ruction

om the ;‘\(Pﬁfﬂ
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FIGUNRL @120 vviial uuoiaiiniwes = ST . s -
o ___,_,.,«—_—;—:_::___"_._.—"'-_f’v- T T——— yr
e b e —
e —=, t

{ e ——————————————

st

Short ramp

Smooth surface

Golf ball g

\ T 1 ;
AN / 3 i
12 13 14 15 16 17 18 |

i O ?_‘?___‘E__LLL_]‘ Py ‘

! 1

Long ramp

Rough surface

Rubber ball

1171213 14 15 16 17
'S A 1 A i 1 i

Shallow -~
angle

Straighten right end

Adapted from Klahr and Nigam (2004).

For other third- and fourth-grade students (guided discovery group), the experimenter !
up an experiment, such as the one shown in Figure 8-15, anld asked the students whetht!
this design will allow them “to tell for sure” whether a variable (e.g., length of ramp) hadan
effect on how far the ball travels. Then the experimenter explained ho“: u‘rylc sifankded experiment
allowed you to tell for sure, whereas confounded experiments did not. Following th
instruction, the student was allowed o design his or her mm» o ‘—~ms - Lest neY
hypotheses ‘ skperidne

The resglts sh()\\'e(i that 75% of the guided discovery group learned to reason scientifically by
creating unconluund}?d experiments to test hypotheses), “:héreac 5% of [hek :j K‘_O A pe
The learning paid off: The studentis who learned 1o reason sciéntiﬁia!l : F L m'“ l'}:’ m‘ili‘;"“" of ¢
guided discovery learners and the minority of the pure discovery l\—-{ ]~d[ b: {:rm;d well on?
transfer test consisting of judging the scl'er.mﬁc quality of ‘Sden&; f:;:m:r.bj})tg)t«r-al! this study
shows that even when the goal is 1o teach students how to disc X e bt%li & : r{ch is more
effective than a pure discovery approach scover, a guided appro
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:' Inductive Methods

EXAMPLE OF INDUCTIVE METHODS

Another issue raised by 1eac

hing studentc « ; )
Figure 81 -4-1INg students 16 solve parallelogram area problems—such as in
lgure —~COTICETNS W hen to pr
Tule, Area =

resent the formula or rule. We could begin by stating the
Height X Base, ang then ask students to solve problems. This is a deductive
method because the rule is Biven first. Alternatively, we could begin by asking students to
solve problems and only after the students have buil; up some good intuitions, then present
the formula. Th " ’

, ' 1S an inductive method, because the rule is given only after the learner has
induced the underlying framework for the rule

THEORY: ASSIMILATION TO EXISTING KNOWLEDGE

Ausubel (1968) and Mayer (1999) have suggested that meaningful learning involves actively
connecting new material with existing knowledge. Thus, learners must be challenged into
1hmkmg about how new principles or laws relate to other ideas in the learners’ memory. In
inductive methods of mstruction, learners are exposed to long periods of mental searching
before they can verbalize the rule, or what Hendrix (1947, 1961) called “nonverbalized aware-
ness.” This period of menta

I searching helps activate more of the learners prior knowledge
and enables the |

€arner to actively encode the strategy or concept to be learned into a wider or
more meaningful context. In contrast, de

ductive methods of instruction do not encourage
this search

and predispose the learner toward encoding an isolated senies of mechanical steps.

RESEARCH AND DEVELOPMENT: INDUCTION
OF MATHEMATICAL PRINCIPLES

As early as 1913, Winch presented evidence demonstrating the superionty of deductive
methods over inductive methods for short-term retention performance and the superiority
of inductive methods for certain types of transfer performance. In a literature review cov-
ering the subsequent half century, Hermann (1969) concluded that there still was qualified
support for the claim.

Computational Principles In a well-controlled clas;room study, Worthen (1968) used
two methods to teach children such concepts as notation, addition, and multiplication of
integers, the distributive principle of muluphcat‘xon over gddmon, and exponential
multiplication and dwision. One group was given mducpve instruction: Examples were
presented for the children to solve, followed by \*erbalgatmorxl of the rgqulred principle or
concept. Another group was given deductive mstrucuorr Verbalization .ot -t}.xe required
concept or principle was followed by exam'ples fo.r the children to solw':. Significant effects
as a result of instructional method were tcﬂvvund In measures of leammg ease (inductive
infertor to deductive), long-term retenuion Qnducuve superior to dveducnve), and transfer
(inductive superior to deductive), with no dlffe‘renc.es in ]eamg:r amtgde‘ |

‘ As a part of a larger study. Roughhead and bcandura {1968) used inductive and deduyc.
tive methods to teach children about series summation. In a deductive method, the ruje was
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3-16
deductive
ive

n

d

- then the jects were asked 1o solue o
wen and applied to several problems; then the subjects d 10 solve i
given and ; s¢

: ~fivie g T o Toh.
lems that were based on the same rule. In the inductive method, subjects Were a5
CIe v - e

¥ <, eq
- s >d to similar S o

solve some problems; then the rule was given and applied O . . 31’0bkms_ The ed
tive group learned faster than the inductive group; hml\l“;am A transler task, the in
pmu“p learned to solve the new problems faster than the deductive group. These tesulyg

UCU'\‘Q
dre
summarized in Figure 8-16.
Statistical Principles Another study (Mayer &"Greeno, 1972) \v'_aned the Sequencmg in
a programmed text for the concept of bm‘omlal probability (i.e., the ‘pYObabili[y of
obtaining R successes in N trials). An inductive bo.oklet began bz-’ PTesenting undey,,
concepts such as “trial,” “success,” and "pfobablhty of success apd gradually py, the
parts together into a formula by the end of the booklet. A deductive booklet began b,
presenting the computational formula in symbolic notation and then gradually shoy,,
how the component variables figured in using the formula. Although both bookless
presented the same basic information and same computational examples, the inductiye
booklet was sequenced to move from example to rule, and the deductive booklet ws
sequenced to move from rule to example. Figure 8-17 summarizes the groups
performance on a subsequent test that included problems just like those given in (i
booklet (Type F), problems that were slightly modified from those given in the bookle
(lype T), problems that were unanswerable (Iype U), and questions about when ang
how to use the formula (Iype Q). Emphasis on the formula (i.e., deductive training)
resulted in better performance on problems like those that the student was trained to
solve, but emphasis on underlying concepts resulted in better performance on
recognizing when the formula did not apply and on creative question answering. The
Maver and Greeno st udy suggests that deductive methods are better for simple retention
of a basic rule whereas inductive methods are better for situations in which the rule mus
be transferred to new situations.

o —_—
——————
35 (
30
.g 25+
3 20k
E
g 15 -
3 161 \* Deductive group
“ Inductive group
5 -
e Gl
Le?"“’"g Transfer
time time
& ;:t:?:::::;:::::::_—mtww ¥
Source: Adapted from LB ot

Rough # | o
o W C. & Secndion 114 (1968). What is learned in M

O8Y. 59, 283-289

discovery: Joumnal of Educationai Psychal
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g-17
inductive
grects 0! 11
and deductve
web‘ﬂ'm soving

~
o
1

E:i Deductive method
60 & || inductive method

e

o Wl iH /o

Proportion of correct responses
2
f

20 : ; ; ¥

A0

T

Type F TypeT TypeU  Type Q
Type of transfer problem

Source: Adapted from Mayer, R £, & Greeno, J. G. (1972). Structural differences between learning
outcomes produced by different instructional methods. Journal of Educational Psychology, 63, 165—173.

IMPLICATIONS OF INDUCTIVE METHODS

Research on sequencing of instruction suggests that deductive methods lead to superior
performance in cases of one single rule to learn or a himited number of problems to be
solved. Explicit instruction and practice in applying a specific rule is most effective when
the goal of instruction is limited to behaviors that are similar or identical to those being
taught. In contrast, the foregoing research demonstrates that inductive methods of
instruction are useful when the goal of instruction is the ability to learn how to form rules
(rather than learning of a specific rule) or how to transfer to new situations. By being
encouraged to think actively about how to solve problems during instruction, the learner
develops problem-solving strategies that can be applied in many situations.

COMPUTER APPLICATIONS: LEARNING FROM SIMULATED
EXPERIENCES

in the inductive approach, teachers begin with the learners concrete experiences and
carefully relate those experiences 10 ahstrgct principles. In the deductive approach,
teachers present a to-be-learned principle for students to memorize and apply. As you
could see in the previous sections, classic laboratory research shows that students are
better able to transfer when they learn by an inductive rather than a deductive
approach. Do inductive approaches also promote learning of academic material in
classrooms? : .

An example of a popular inducuve approach is the predict-observe-explain (POE)
method for teaching scientific principles (White & Gunstone, 1992). In the POE method.
a teacher presents a familiar concrete situation and asks the student to predict what wil}
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phase); the student observes why hagir,

= an (predict :
happen and justify that prediction 1Pt .y differences between the predicted j‘: Fic
e phase). and the student explains a0y ' ' T g, Al
MmH"ip"l-(:i‘ltt'é«z\l’i"“” phase). bet ay 10 ki "
el | appose | asked you which would be a betier way 10 keep a @nof g, P
[1;3' (-\‘u]\}\ e, 'a\li\})! 18 anit 27

Nlc—wrapping it in a oil or wrapping it in wool? No.{ ‘?’“Ey DS g
cold for a prenic=w APE 0 1oo explain why you gave that answer. This is the pred,
PRSI B O t—such as watching a computer simulation of i

This is the observe phase. Then you engage :t
out the observations you just made. This i fy

lurinum {

choose an answer,
phase. Then you conduct an experimen
transfer through the wrapping over tme.
discussion with peers and the teacher ab

explain phase, / ;
R onits ‘mester-long science v
What would happen to eighth-grade students who took a se 8 SCience coyry,

based on this kind of inductive teaching approach? To help answe.r this question, Linn, and
Hsi (2000) teport on a project in which students learn general science pnnupiegrt‘v;; Cate.
fully examining familiar situations involving heat and temperature, thermal equilibriys.
and insulation and conduction. These situations include figuring out whether a metal deg
feels cooler than a wooden desk, whether soup stays warmer in a small cup or a large how
whether its betier to use a wooden spoon or a metal spoon to stir a pot of boiling noodie:
whether itk a good idea to leave a car window slightly open when it will sit in the sun 22
day, or how to keep some pizzas warm for 30 minutes. The instructional method is indu:-
tve to the extent that it begins with the learner’s familiar experience—such as expenencz
with warm food getting cold--and carefully moves toward building abstract principies
such as a theory of heat transfer,

Linn and Hsi report that the instruction also relies on technology—such as compues
to make visible changes in temperature in objects over time—and on peers, such z
sroup discussions involving what happens in the concrete situations. For example. 2
useful computer simulation called “Heat Bars™ allows the student to select bars of materizk
such as aluminum, glass, or plastic; place one end of each bar next 10 a heat source fors
selected amount of time; and then watch the heat flow across the bar over time. In 5
way the student can see, for example, that heat flow is slower for some materials than i
others. Using a program called Electronic Laboratory Notebook, students are able I
make predictions, run experiments, collect data, and generate principles that are shared
with others.

Over many years of refining their instructiona
Pantners (CLP), a multidisciplinary rese
exch one mtended as an improv

| program called Computers as Learn™
arch team produced a series of eight versier=™
one ir ement over the previous one. Before taking the cours
almost all students were unable 1o provide scientifically valid an to questions 300
temperature and heat, whereas afterward they showedya large i Swer's q‘ Most IP>”
tant, with each new revision, the percentage of successfyl dedimpf(?‘emeﬂsea \\:?Sm et
tested in high school, students who had taken the Cpp co e El:ams'lgclr)ia' | rforma>>
on science tests involving high-level (hinkmg thalll did ol 0‘;’; ueg e
::\it\'.\! and Hsis Q000 report shows that an mmductive ap;?::;gar?haf ;S:;dq on swder™
ANLLAr expentences can be a useful wav ac crafimg 5
ful curricutum requires a long-rif:rl!lr “r;‘\iﬂt:c;f:ctl:lfor it
In a smaller scale g udy, Moareno, Maver ‘-a it i
compater game aimed at teaching prmc‘ipl‘cs
experience as simulated ‘

on a Cl)nlpluer &
Moo By s SCre
the Bug, who takes them ON a space trip to

1
, ot
nd Lester (2000) developed an edumﬁi:
of environmental science through cﬂn;x;’!@ﬁ
en. In the program, students meet H

4 new planet that has certain enviro?
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;“:zsfef probtem
ihé Design"A-
nf game
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|

Circle the type of root (1 or more

):
Branching Nonbranching
25 - :f'ﬁ\"\ " X ; ; v
RHAF 1T
Deep, Deep, Shallow, Shallow Deep, Deep, Shallow, Shallow,

Thick Thin Thick  Thin Thick Thin  Thick  Thin
Circle the type of stem (1 or more):

Short Long

FiE 3

Thick Thin  Thick Thin  Thick Thin  Thick Thin
Bark Bark No Bark No Bark Bark Bark No Bark No Bark

Circle the type of leaf (1 or more):

USES R

Small, Small, Large, Large Small, Small, Large, Large,
Thick Thin Thick Thin Thick Thin Thick Thin
skin  skin skin  skin skin skin skin  skin

Why do you think that the plant you designed will survive in this environment?

 E, Spires, H, & Lester, 1. C. (2001). The case for social a ency in
R, Mayer, R g ’e(‘;r n more deeply when they interact with animated pedagogical
Ay Copyright 2001 Lawrence Erlboum Associates. Reprinted

Source: From Moreno,
computer-based teaching: Do_sm%eg i
agents? Cognition and Instruction, 15,

by permission.

and heavy winds. The students job is to design a plant
i he planet by selecting appropriate roots, stems, and lﬁ‘a\'cs‘ For
Catengmgiiad . ; r.ncm is it better to have roots that are thick or thin, deep or
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Chapter Summary

This chapter has explored three representative techniques for providing meaningful meth-
ods of mstruction—concrete materials. discovery activities, and inductive sequencing. In
each case, there is some laboratory-based evidence and classroom-based evidence tha
meaningful methods of instruction encourage the learner to become more cognitively
involved in the learning task, and thus the outcome of learning allows for better problem-
solving transfer. Designing classroom programs aimed at promoting transfer may invole
aspects of all three Lcchnéques—uprovidmg concrete materials, opportunities for active
problem solving, and links to familiar experiences. For example, Brenner et al. (1997)
developed an effective middle school prealgebra unit that used con manipulatives 10
) g crete P
represent tunctional relations (concrete method), related algebraic problems to familiar sit
uations mvolv‘mg pizzas (inductive method). and required active discussion of problem
solving strategies (discovery method).
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