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Chapter Summary



The process of meaningful learning depends both on the material that is presented (i.e., the teach-
ing side of the process) and on the way the material is processed by the learner (i.e., the learning
side of the process). Thus, two ways of fostering the process of meaningful learning are improving
the way that material is presented (i.e., instructional methods) and improving the way that students
process information (i.e., learning and thinking strategies). Previous chapters focused on instruc-
tional methods as the key to promoting student learning. This chapter takes a more direct approach
by exploring whether students can learn to be more effective learners. In short, we seek to help
learners build learning strategies that allow them to learn in ways that promote transfer. In this
chapter, you learn about three types of learning strategies—mnemonic strategies for memorizing
material, structure strategies for helping students organize material, and generative strategies for

helping students integrate new material with their existing knowledge.

389



390 Section It instruction

m How to Turn a Passive Learning Task into an Active
Learning Task

Reading a textbook lesson or listening to a lecture seems to be a passive task, Yet success-
ful studemis urn this seemingly passive task into an active one in which they try to make
sense of the presented matenal. For example, please read the lightning passage in Figure
11-1, using any strategies that will help you learn it. In an attempt to take an active
approach, you might read every word aloud or even copy the entire passage into a note-
book. Whats wrong with either of these approaches? In spite of your being prompted to be
behaviorally active (1.e., talking or writing), you are not being cognitively acuve (i.e, you
are not tryng 1o make sense of the material). Learning strategies are intended to help
learners becomie cognitively active learners

A learning strategy refers to cognitive processing performed by a learner at the time of
learning that is intended (o improve learning. This definition has three main parts: (1) a
learning strategy involves intentional cogniuive processing by the learner, (2) a learning
strategy occurs at the ime of learning; and (3) a learning strategy is intended to improve
learmng. This definition is broad enough to include techniques ranging from strategies for
memorizing facts n a lesson, 1o strategies for outhining a lesson, to strategies for summa-
rizing a lesson _ )

Learmng strategies may focus mainly on helping you recall specific facts, on helping you
organize the material into a coherent s ructure, or on helping you integrate the matenal
with your prior knowledge and experience. IEyou focus on learning strategies for memoriz-
ng, you might choose a few key ideas and try to commit them to memory. 1.2 example, 10
remember that negative charges fall 1o the botom of the cloud and cm::,_., charges nse 10
the top, you might imagine the cloud as a wrestling ring in s\—‘:hrﬂ ? ; muscular figure
with a plus sign on his chest s stepping on a defeated wrestler E:r a ﬂ_:::r sign on his
e__ﬂ_.,_: ,__:,. way, you can remember that the pluses are ;_u:@.. the 3_:,:,£.w 54::. cloud
b o e 1 i o e ot

»Sueh as “cool, moist air moves over warm surface

followed by “air becomes heated and nses” followed by “air : * and so on. 1

sl iy, eisioct selevry kol :s?. yy “air forms a cloud, ,::..%.,.%L.
efiect chain) : and organize it into a structure (1.€., a cause

If you focus on learning strategies for integraung, you might ask wc:?a: why ques

:::!,.:fr_ﬁ.,\_ , .,v
:::;. ,. .czz_:. n_::.x..::LE._‘E.V._:::. cloud move toward the ground?” In i
answer, you might rec. e
g .\5, .:_q,r_:ﬁ JZ: that negatives and positives attract, so the negative chai
sty _.,,_.: .,_ acted :.*::. posttive charges on the earth's surface. In this way ¥
d Yy relate the presented matenal (o i dedge. |
‘; atenal to your existing cdge
What does a skilled learner know B owindge
skilled learner does not know? A le

.r.—i n
ou

hat a less”

about how to process passages or lectures t .

hist of unrelated facts in whic ss-skilled learner might view a passage or lectu™ fed
Lepries ims i acts i which the goal is 1o carefully study every word. A more-sk lled
¢ Y VIEW A passage or a lectun S Ve / s
¥ i z ; ma
sense. Such a reader knows € as an organized body of knowledge (hat

how ol il
OW 10 select relevang material, how 1o organize (he mat¢

into a coherent struciure dee
These kinds of :ﬁ:_:,,_._n.;:: psses 10 mtegrate the material with existing knowle a_.,,w,..
may be crucial for a u::h,:_nw.,ur.w are primed by learning strategies. Learning stratcs
skills without exphicit tr  SUrCess in school Although some students acquir o
g, other students do not master even the most basic Jearnint

and how

FIGURE 11-1
A passage about

lightning

Cm:E_:m can be defined as the discharge of electricity resulting from the differ-
ence in electrical charges between the cloud and the ground.

When the surface of the earth is warm, moist air near the earth’s surface
becomes heated and rises rapidly, producing an updraft As the air in these
updrafts cools, water vapor condenses into water droplets and forms a cloud The
cloudss top extends above the freezing level. At this altitude, the air temperature 1s
well below freezing, so the upper portion of the cloud is composed of tiny ice
crystals.

Eventually, the water droplets and 1ce crystals in the cloud become too large to
be suspended by updrafts. As raindrops and ice crystals fall through the cloud,
they drag some of the air from in the cloud downward, producing downdrafts
The rising and falling air currents within the cloud may cause hailstones to form.
When downdrafts strike the ground, they spread out in all directions, producing
gusts of cool wind people feel just before the start of the ram

Within the cloud, the moving air causes electrical charges to build, although
scientists do not fully understand how 1t occurs. Most beheve that the charge
results from the collision of the clouds light, rising water droplets and tiny pieces
of ice against hail and other heavier, falling particles. The negatively charged par-
ticles fall to the bottom of the cloud, and most of the positively charged parucles
rise 1o the top

The first stroke of a cloud-to-ground lightming flash 15 started by a stepped
that 1t is triggered by a spark between the areas
« within the cloud. A stepped leader moves
about 50 yards long, and lasts

leader. Many scientists believe
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strategies. In spite of this problem, untl quite recen ot much emphasis was placed on
reaching students how to learn. This chaprer deals wath the teaching of learning strategies

A ___M;:__n number of psychologists and educators argue for the importance of .ﬁ_nr,sm
,,:a..,ﬂ,:.f how to learn (¢, of including learning strategies as part of the curniculum). For

example, Norman (1980) observed

“Sacramento” without effort. How do mnemonic strateg 17 On the surface

it might seem contradictory to say that memonzation 1 2 good way to promote transfer
However, mnemonic strategies promote transfer in two ways. First, wh
rized basic facts, it takes mi mental effort 1o use them in higher-order thinking For
example, if you already know the definitions of many words, it is easier to comprehend the
theme of a passage than if you have to try to make sense of each new word. Second, when the
to-be-learned material seems senseless, mnemonic strategies offer a means of creating
degree of meaningfulness, usually by embedding the material in a more concrete context

s promote

you have memo

e that we expect students to learn yet se

m teach them anything about
We sometimes teguire students to remember a conside

me
sle body of matenal,
. 1 is time that we make up for this lack, time that
«d disciplines of learning . and memory. We need to develop the

maples of how 1o learn, how to remember . and then develop applied courses, THEORY: HOW DO MNEMONIC STRATEGIES WORK?

and then establish the place of these methods in an academic curnculum (p. 97)

yet seldom teach them the

We n—nz.n_:u:x_

general

Mnemonic strategies involve time-tested activities t}

help the learner remember material.
In a historical review of mnemonics, Yates (1966) noted that Simonides developed an
imagery-based mnemonic system 2,500 years ago. Since that ume, most practitioners of
; - mnemonics have attempted to develop useful techniques rather than to provide a theory of
Can students be taught to be more elficient processors of information? Are there learn- human memory. In contrast, Paivio (1971) argued that mnemonic strategies may work lo
ing strategies that can be taught 1o students that will improve their understanding of mate- 2 nrdver-of reasons: '

rial such as in Figure 11-17 1f you had investigated these questions a few decades ago, you ,
would have found that teachers rarely taught learning skills in elementary classrooms
(Durkin, 1979). More recently, however, “we now have a large number of studies that
demonstrate that cognitive strategies can successfully improve instruction in a number of

domains as reflected by improved student scores” (Pressley & Woloshyn, 1995, p. iv). In
short, the teaching of cognitive strate

. gles represents “the most important instructional
advance of the past 15 years™ (p. ii)

Norman referred to an emerging discipline of cognitive engineering—the development of
ways 1o control our own COgnLIve processes.

Dual coding: Many memory strategles involve using imagery as well as verbal representa-
tions. This approach provides two distinct codings of the same material; hence, there
are more ways to find the information in memory.

Organization: Many memory strategies provide a coherent context or organization into
which new information can be fit. The organization serves to hold the information
together rather than as many separate bits

Association: Many memory strategies involve forming strong associations between ele-
ments. Stronger associations allow for superior remembenng

The 1ssue of learning strategies 1s ex
investigates three techniques for impro
increasing memory of relev.
and (3) gene

plored in this chapter. In particular, this chapter
ving verbal learning: (1) mnemonic strategies for

ant material, (2) structure strategies for organizing material,

rative strate ! . -ome more cognitively active
Ive strategies for integrating new material with existing knowledge. As you can see, mnemonic methods prompt the learner to becc 4 Y

‘ions, although a precise theory is sull forth-
by forming images or making mental connections, a o
u nwgﬁwsm. .ﬂm_.Em mrm present section presents a typical mnemonic strategy—the keyword
i i method—aimed at getting facts firmly into memory.
Mnemonic Strategies
WHAT ARE MNEMONIC STRATEGIES?
To learn the lightnin
about key terms, sy
the ground” and *

RESEARCH: DO MNEMONIC STRATEGIES WORK?

educs | applications of mnemonic
dern impetus for educationa |
Keyword Method The mo 4 word method for teaching foreign language

2 explanation 1n Figure 11-1 ) facts
. =1, you need ertain basiC
ch as stepped leader is Y to remember ¢

section il Instruction

mmNuﬁm #maﬂm_ 1S TG 1
t Naﬂ_ th: 1
A . at HT»N .—Omu Om HTN ﬁ_OCQ 15 N_u”

are simple ; ink one €
T, or with an attribuge. F ple verbal propositions that lin
the states and the

, I caputals, such g *
cal definitions, such a5 « -

_mmdd:m involves

element in a pair (i.e., “Gacramento )

i carch on the key
he negauve charge that moves from the cloud 1 techniques comes from res

Raugh (Atkinson, 1975 Atkinson & Raugh, 1975; Raugh &
_m: memorizing mmu:_mr;o.m:m:mr vocabulary such as,
" the Wmvé,.o,& method involves two stages

vocabulary by Atkinson and
Atkinson, 1975). For example, .
“carta” which means (postal) “letter,

1. Acoustic :.X YOUu « _ ange _: T W / Cd 7. U 0 C..::.OQ
o Mw m. e1gn —NS%CDEQ FO—& mnto an eastly T ; d
. En: H awﬁ.m W Q :‘dwﬂ Oﬂnﬁﬁ—m ﬂrm ﬂumw: G_ —__.m _me_mw: S.;Zﬁ- For m..f.naﬁ_ﬂ. v.-.:._ r::_..:_.
m 1S mv (8] S

; i R0 3 e keyword and the corre-
nio:<nQ: wm:w,‘. _ form an interacting image to combine the rfﬁ:_ﬂ e M:._ .
b g d. For example you could imagine a large ccms_ ette _
‘ " PSS 7 4 . age be
sponding Englsh ﬂon m.:osﬂ in Figure 11-2. It is not necessary that the image be
i S
shopping cart, such as

unusual or bizarre.
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sURE 11-2 An
1ge that links the
word “cart”

N “letter”
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|
Canta (cart) means Letter \

L
N
o
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Source: Reprinted from Journal of Experimental Child Psychology, 26, M. Pressley & J. R Levin, Devel
constraints associated with children’s use of the keyword Emﬂo : i ooty b

i d of foreign language vocabulary leamin
Pp. 359-572 (art created by M. Pressley), Copynght © 1978, with Permission ‘ng %mmsQ 7 I

In a ypical experiment, Raugh and Atkinson (1975)

asked college students to learn
60 Spanish-to-English vocabulary m

e gl wseds pairsin 15 minutes. Examples (with keywords in paren-
clude charco (charcoal)/puddle, gusano (goose)/worm, nabo (knob)/turnip, and

trigo (iree)/wheat. Experimental students were given pretraining in use of the keyword
method. During learning, the keywords were provided but the subjects had to generate
,rr.n.: :«M: __:Ennm Control students were given the same 60 vocabulary pairs, including
. nx?.::_n,:ﬁ zmaﬁ.ﬁ é.%@ could perform well on the test. On a subsequent
sponding English word ._.rf .u_q.o__:.n.r words and asked the students to write the corre-
- W€ experimental group scored 88% correct on this test,

compared 10 28% ¢ ¢
P o lor the control group. [n another study involving Russian vocabulary.

word me > 0 .
group (Atkinson & ?_._.E_N_c.\mv_.:::ca resalled 72%, compared to 46% for the control

Based on these resulis -
other :E::x_mmwmnﬂvﬂ_ﬁaL_imv;_x gy _r.“:‘_:m keyword method is far more effective than
Atkinson Zcqu su ,c.ﬁ ed .n.?n_ and recitation. In teaching college students, Raugh and
vides the keyword %w 4 .” Jr_ ) mrc r,&;,.oa method works hest when the instructor pro-
word) and when _:n_ _,o_u:,g > o q_:_,__vj word that soundss like part of the foreign languagt
and colleagues (Preg ley, _wwu_v n_ owed 10 form his or her own image. However, Pressley
found that younger n.s_.__n_:,:. ! ?.m.LS, & Dennis-Rounds, 1980; Pressley & Levin, 1978)
images even when they are experience diffyc ulty in spontaneously generating useful
that children as old as 12 gc.ﬂ:& Vibdkisge Pressley and Dennis-Rounds found eviden
received training in how 1o EM__M ?_,*: ancously use the keyword method even after they
when the students are children, th.e ws, Levin :cm__urm:n“ _ﬂ”nm.w_%vx :Mﬂ:.v m:ﬂmw _.“”H
should be adapted to pro

keywords and pictures i —

As an example,
school children le
Berry, & Pressley, 1082), fourth
brate,” “gesture * “glisten " «
suade,” “relate. ,

consider how the

| keyword me
arn English vocabulary, [ 4
graders learneq

harvesy » «

and “resolye °

thod could be adapted to help elementa™
yPical study (Levin, McCormick, Mller
4 the definitions of 12 verbs, such s %_M
ntend,” “introduce.” object,” “orbit.” ) o

d for

Xperimental group learned a keywo"

' hesiate »
Students in the

FIGURE 11-3
Keyword pictures
for learning the
definition of
Persuade

each vocabulary word; the keyword was a familiar word that sounded like a sahent pant of
the <onmv:_mQ.<<o&. such as the keyword “purse” for the vocabulary word “persuade.”
.:.8: the mxmmd:a:mm students were given pictures that showed the keyword interacting
with the definition of the vocabulary word, such as a woman being persuaded to buy a
purse; at the bottom of the picture was the vocabulary words formal definition. The left
panel of Figure 11-3 provides an example picture. The control students were given traiming
in recogmizing the words and were given sentences such as, “The woman’ friend was trying
to persuade her to buy a pockethook.” They also were given the formal defimtion for each
word in the same words as in the expenimental group Control students were given the same
amount of time 1o learn the defimtions and were told to use their own best method On a
subsequent test, the keyword students recalled 83% of the definitions, compared to 55% for
the control students.

These results suggest that recall 1s aided by giving children explicit pictures that con-
nect the keyword and 1ts definition. However, Levin et al. (1982) also found that pictures
that do not explicitly connect the vocabulary word to the keyword, such as in the right
panel of Figure 11-3, do not improve learmng. Similarly, in another study (Levin et al.,
1982), students who learned vocabulary with pictures that gave both the keyword and the
vocabulary word (e.g,, left panel of Figure 11-4) recalled almost twice as many definitions
as students who learned with pictures that failed to give the keyword (e g, right panel of
Figure 11-4). These results suggest that pictures or keywords alone are not enough to
enhance memory in elementary school children; successful keyword techmques in chil-
dren seem 10 require pictures showing both the keyword and the vocabulary word

In another series of experiments, Pressley, Levin, and McCormick (1980) used a modi-
fied version of the keyword method to teach Spanish-to-English vocabulary to second- and

A keyword picture that includes the vocabulary word A keyword picture that omits the vocabulary word

OH, MARTHA,
YOU SHOULD BUY
THAT PURSE!

OH, MARTHA,
YOU SHOULD BUY
THAT PURSE!

| THINK YOU
CAN PERSUADE ME
TOBUY IT!

PERSUADE (PURSE) When you talk someone

PERSUADE (PURSE) When you talk someone into doing something ;

into doing something
——

e

e

- - g \Q\S:wwtian..:c:__mi.]cﬁ

Miller, G. E, Berry, J K, & Pressiey, i

et gvh\.aw\ﬁmwﬁﬁﬁw Mﬂ.ﬁwﬁ.ﬁd\& for children. Amencan mﬂﬂ&:;:& Research Journal, 19,
g

qu\.w.ﬁ..%_ MMM&MMMMM Evmw by Amencan Educational Research Associa!
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It's OK; we have
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itin the cupboard.

{ much SYRUP? itin the cupboard G:g ketchup?

SURPLUS (SYRUP) Having so i
having more than was :mm%ma SRS g ot

more than was needed

e left over, having

Source: From Levin, J R, McCormi

ck, C. B, Miler, G, E Berry, J K, & Pressle

, L G E, LK, Y. M. (1982). Mnemonic versus
ary R.ns_:m strategies for children American Educat | J I, 19
121-1386, Copynght © 1982 by American Educational Research Association. jonal Research Joumal, 19,

fifth-grad 55 "

n.:a_mW :Mmu _M»._F_b MM:_:‘; lear H:ma _ﬂm keyword for each Spanish word, but unlike previous
S 3 s were used for the ex perimental o )

was mstructed as follows I group. Instead, the experimental group

(keyword) and means o mvu:hrxioa o head about 3 Gayword)
and a (translayion) doing something wc pn:v i order 1o vt & (epword
(Spanish word) " The :

noE_ _rﬁ_:oam:c EEmSVm::mamm:_:wi
._.J.:a Sm_.::vs&mﬂo_a_ xﬁ.amvm:uw: Eo_d means
gﬁ& m:mm__‘ L0 remember that (he Spanish word means .
: -
experimental EE_% thwﬂmp._ .5« s2me keyword ang spent the same time learning, the
ltems as the conyro| m__c:vlwmm o than twice gs many Spanish-to-English vocabulary
COrTeCt ver: 27% ¢ .
Does using the ke ’ SUs 27% correct, respectivel
Or » *
g as well? To mxuaﬁm :w_“: MMMA 0 memorize vocabulary io.&mn.mnﬁ Nwmrm?_ng_ learn-
3 eSS 1

elementary schog on. Jones, Levin, Levin, and Beitzel (2000) taught some
16 unfamiliar WO

I'students b y

ot ey sﬁmm cﬁ apply the keyword method 1o learning the definitions of
“carlin—old wom Sequently used 1n

_n:nmm:n:pmij

a0,” students mjgh, T . astory. For example, for the definition
¢ old womap Emm n_«mn,cgo carlin” a5 “car” and generate an ::mmm?: sen-
More Md%,.ns:::m_ strategy of ?::_:Ms:m acar” Other students were instructed to :mr.m
great difficulyy ¢ a sentenc "
i 1 _,;Y_ n_”ar_:m the stairs » A, € Using the word, such as “The Q:_*__n MJ
~ Al the words 1, students were ; rite the del

read a story con hey coy ere asked to w

aning the worqs a transfer (e sked 10
’ s €T test, students were @
Q:.mﬂn; involve any of the sand then 10 answe d

TE_:A, .<

. ) all
slasmg ocabulary words. ¢ I comprehension questions that did ne
nan, & Nordw; 1, 1992) ki 5. Consisteny with previous research (Levi™

. Y received Instruction in how 1o us¢ e

ents wh

keyword method correctly remembered 91% of the word de
students who were taught 1o use the cony,
taught how to use the keyword method generated correct answers on 6
hension items that were unrelated 10 the vocabulary
dents who were taught to use the conventional
the meaning of vocabulary wo
words—even those parts of th

finitions, compared to 51% for
entional strategy. Importantly, students who were
8% of the compre-
words, compared to 51% for the stu-
strategy These results show that memorizing
rds helps promote understanding of a passage that uses the

€ passage that do not involve the vocabulary words. In short,
1t appears that students who successfully use the keyword method are al
show evidence of understanding, as measured by transfer tests

In a review

s0 more likely to

of research on mnemonic strategtes, Pressley and Woloshyn (1995) con-
cluded, “We are optimistic that the keyword method will prove 1o be a potent strategy that
can be taught quickly and efficiently” (p. 67). More recently, researchers have successfully
used mnemonic techmques to improve student’s memory for the English translations of
Chinese characters (Kuo & Hooper, 2004), student’s memory for the names of fish corre-
sponding to pictures of fish (Carney & Levin, 2003), and students memory for the facts

mmmoﬂwﬁmmiﬁrmmnrﬁrmonm_wzmam_:m85 passage on the psychology of intelligence
(Rummel, Levin, & Woodward, 2003).

Elaboration Strategies The keyword method is just one example of a successful
mnemonic strategy for memorizing facts. There are many other mnemonic strategies that
have educational potential for helping students learn facts or lists (Paivio, 1971: Pressley &
Woloshyn, 1995). For example, an important extension of mnemonic techniques involves
helping students remember procedures by helping them create a story

Suppose you visit an eighth-grade math class and find some students who have great
difficulty in solving computation problems involving addition, subtraction, multiplication,
and division. For example, most are unable to solve a basic subtraction problem such as

756
—43.0

To help these low-performing students learn the subtraction procedure, we create a story in
which the numbers are warnors and the operators are actions. For example, for the sub-
traction problem given above, the number on top (consisting & attacking warriors) is fight-
ing the number on the bottom (consisting of defending warriors). Each digit indicates the
strength of the warriors, so the warriors with 7 are stronger than the warriors with 4. The
decimal point indicates that the warriors to the right are unranked and those to left are
ranked. In order to fight, the warriors line up properly so the ranked warriors on one
side are lined up against ranked warriors on the other side, and unranked warriors on
one side are lined up against unranked warriors on the other side ;n top group (consisting
of 75.6) represents attackers and the bottom group (consisting of 43.0) represents defenders
You can recognize the defenders because they have their sword a.n?ﬂ. as 592?..& by the
subtraction sign (—). Imagine that the attackers are trying to get past r:,.a”._w..a.,uﬂ 50 ﬁﬁ.
can get past the gate, as indicated by the line under the bottom .::&Jﬁ As ” he ..___m._w ”? ._=
tle their way past the defenders they are weakened. H the ..:::_z..qw ,/,_,:,“,mﬁ 1 ‘_u ,,Vw_. _#_: ” _J,,
defenders strength in any position, they must call in help (to 54» rease ,,#_ :,,.,::dr_ \ .M .,

from their fellow warriors to the left (which give up 1 in strength) ﬂ:.:,# this -PJ,*__J_,~J.,,_W,.,,_
can see that for unranked warriors there is no defense agamst the 6 unranked attackers
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. 3 defenders cancel out 3 of the 5
nost position, 4 defenders cancel oy 4

st the
3 autackers to get past the gate Below the gate, the answer 1s 32 ¢
remember the subtraction procedure? Manaly
nd sullman (2000) taw s mnemonic story (as well as mnemonics for .:E_H
wcaton. and division) to some low-performing eighth-grade math studens in
ind demonstrated how to use it. The results showed a strong effect: Studens
the mnemonic story showed an improvement from 16% on a
ysttest, whereas students who did not receive the mnemonic

who re ﬂ.:...r_
pretest to 84% cor
1ing scored 20% correct on a pretest and 17% on a posttest Similar effects were found
1, and division

researchers conclude: “process mnemonics
can be used effectively to teach computational skalls to students with mathematics learning
disabilities” (p 152) We can call this a type of elaboration strategy because the students
must elaborate on the procedure they are trying to learn. Overall, this research represents
a promising extension of mnemonic techniques to learning of procedures

IMPLICATIONS OF MNEMONIC STRATEGIES

Suppose that students are required to learn foreign language vocabulary or definitions of
Fi__..,: words as part of the regular instructional program Some students will have no dif-
ticulty with this task and do not need special tramning in mnemonic m:.mF. 1es. However
some students will have great difficulty, and for them, training in E:aao:Wa holds wca«_
promise. For example, this section showed that learning of paired mﬁmom_&mm can be
mmproved through explicit instruction in the keyword method ?_:n:dc:,F strategies may

_ucu___(.n;m:.,.ﬁ:5,...2_#.QE{._:...
. se they allow the learner speedy acc ' wl-
edge that1s needed on transfer tests PRy S sl

The work of Pressley and Levin showed th
the needs of the student For example
may not be able 1o form their own _::__
students can benefit from practice
associates. Others may be
teacher. These students c

al mnemonic strategies need to be adapted 1o
n learning the keyword method, some students
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THEORY: HOW DO STRUCTURE STRATEGIES WORK?

Structure strategies prompt active learning by encouraging learners 1o mentally select
relevant pieces of information and relate them 1o one another within a structure. In a pre-
vious chapter, we referred to this process as building internal connections. However, stu-
dents may need training in how to identify key ideas and connect them into a coherent
organization,

Graesser (1981) distinguished between narrative prose, such as stories, and expository
prose, such as explanations of events or objects. This disunction 1s important because
ample evidence indicates that students are better able to organize and remember narrative
passages than expository passages that are equaily complex (Graesser, Hauft-Smith,
Cohen, & Pyles, 1980). Apparently, people have had a great deal of experience with stories
and therefore have developed expectations about how events and states in stories can be
organized.

In contrast, most people lack extensive experience in reading expository prose and
therefore are less likely to possess strategies for organizing it. Meyer, Brandt, and Bluth
(1980) argued that readers may use a default strategy of organizing expository prose as a
list of facts. One implication of this lack of experience is that students could profit from
explicit training concerning expository prose structures. Successful training would help
students build internal connections among the central ideas in a passage The outcome of
such learning would be manifested in increased memory for the central ideas n a passage
(rather than details) and in superior performance of problem-solving tests involving
inference.

RESEARCH: DO STRUCTURE STRATEGIES WORK?

Learning to outline textbook material or lecture matenal is widely recogmized in the folk
wisdom of our culture as an important study skill What evidence exists that structure
strategies such as outlining techniques improve learning? This section explores two
effective techniques for teaching students how to structure text material mapping (in
which students create graphic outlines) and outliming (in which students create written

outlines).

Mapping Strategies Suppose that you were asked to read a passage about wounds from
a nursing textbook. To help you organize the material you could try to construct an outlne.
To do this, you must first identify and summarize each of the ideas in the text (i.e , what you
will write on each line of the outline) and then you must determine how they are related to
one another (i.e , which ideas are subordinate to which other ideas)

Dansereau and colleagues (Chmielewskl & Dansereau, 1998, Dansereau, 1978;
Dansereau et al., 1079, Dansereau & Newbern. 1997; Holley, Dansereau, McDonald,
Garland, & Collins, 1979) have developed a technique called knowledge mapping in which
the student identifies ideas and relations among them. In a typical outline, the only kind of
relation is subordination (i €., one idea is subordinate to another). To help the student bet-
ter understand the relationships among ideas in a passage, Dansereau and colleagues iden-
tified several kinds of links. As summarized in Figure 11=5, the relation between one 1dea
and another can be any of the following. part of, type of, leads 10 analogous to, character-

1stic of, or evidence for
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FIGURE 11-6 A network of a chapter from a nursing textbook
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types of links (such as in Figure 11-5), to apply the r:oi_m.amm mapping procedure
sentences, to apply the mapping procedure 10 passages, and, finally, to apply the Mapping
procedure to their own textbooks Training required approximately 5% hours spread oyer
four sessions. Mapping-trained students and control students who received no training
were then asked to study a 3,000-word passage from a geology textbook. On subsequent
tests, including multiple-choice, fill-in, short-answer, and essay questions, the mapping-
trained subjects performed much better than the control subjects in remembering the main
ideas but not in remembering the details. In addition, the positive effects of mapping train-
ing seemed 1o be particularly strong for students with low grade point averages (GPAs) but
not for students with high grade point averages. Apparently, high-GPA students have
already developed their own techniques for organizing prose material. These results are
summarized in Figure 11-7
In another study (Dansereau et al., 1979), students who took a learning strategy class
that met for twelve 2-hour sessions were compared 1o a control group. All students were
given a pretest and posttest in which they read a 3,000-word textbook passage and
answered muluple-choice and short-essay questions. Students who had received training in
knowledge mapping showed an improvement from a score of 47 on the pretest to a score of
57 on the posttest, whereas the control subjects averaged a score of 47 on both the pretest
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be _N_:& o o_,MWMMNMC_%M%MM:N M_M_me %;m:os_mﬁ_m.m mapping. Apparently, students can
passages. y study, and this traiming 1s useful for long textbook

In a related set of experiments, Chmielewski and Dansereau (1998) asked students to
study a passage about cocaine for 6 minutes and a passage about the nervous system for
6 minutes. For both passages, the students were not allowed to write any notes, and 5
days later, the students were asked to write down all they could recall from the two pas-
sages. In previous sessions, some students had recewed 3 hours of knowledge mapping
training (mapping group), whereas other students (control group) had not. Figure 11-8
shows the amount recalled for each passage across two different experiments. On the
recall tests, students in the mapping group recalled an average of 60% more of the impor-
tant ideas than did students i the control group. The results represent an important
form of transfer, because students in the mapping group were not actually allowed to
draw any knowledge maps for the two passages they studied. Chmielewski and
Dansereau conclude that “training participants on the construction and use of knowledge
maps positively transfers to text processing when a mapping strategy 15 not explicitly
used” (p. 412).

As you can see, knowledge mapping involves using what Holley and Dansereau (1984)
call a spatial learning strategy. Another popular spatial learning strategy 1s concept mappirig
(Novak, 1998) in which students produce maps consisiing of nodes (i.e., concepts) and
links (i.c., labeled lines between nodes) Unlike in knowledge mapping, the links 1n concept
mapping do not necessarily have to correspond 0 preestablished types. For mXu.B_u_w.
Figure 11-9 shows a concept map produced by a 6-year-old student after about 30 minutes
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FIGURE 11-13 Role of top-level structure in prose learning
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FIGURE 11-14 Five prose structures for science text
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Generalization
passage always has a main idea.
Most of the other sentences in the passage try to
provide evidence for the main idea by either
clanfying or extending.
a. Explain the main idea by using examples or
illustrations. These tend to clarify the main idea.
b. Explain the main idea in more detall; extend the
main idea.
Things to look for: definitions, principles, laws.
Reading objectives: Understand the main idea; be
able to explain it in your own words, using the
supporting evidence.

Example

Imtability is defined as an organism's capacity
to respond to conditions outside itself An organism
respands to a stimulus from the environment. The
stimulus may be light, temperature, water, sound,
the presence of a chemical substance, or a threat
to life. The organism's response is the way it reacts
to a stimulus. ,

For example, a plant may have a growth
response. This happens when a root pushes
toward water or a stem grows unevenly and bends
toward light

w

3

1.

S

2.

Enumeration

. List facts one after the other.

There are two general kinds of enumeration

passages:

a. Specified—actually lists the facts by
numbering them.

b. Unspecified—lists facts in paragraph form, with
each fact stated in one or more sentences.

Itiis difficult to produce a single statement that

summarizes the information accurately.

Reading objectives: Note the general topic; more
important, though, is the retention of each subtopic
or the individual facts.

Example

There are four general properties of salids:

1. Tenacity is @ measure of a solid's resistance to
being pulled apart.

2.Hardness 1s a measure of a substance's ability
to scratch another substance.

3. Malleability refers to a solid's ability to be
hammered or rolled into thin sheets.

4.Ductility is the ability to be drawn out in the
form of wires.

Sequence

- Describes a continuous and connected series of

events or the steps in a process.

- Examples of sequences include changes as the

result of growth, a biological process, steps in an
experiment, or the evolution of some event.

5 Signal words: “The first step in,” “stages,” “and then’

Reading objectives:

a. Be able to describe each step in the sequence.

b. Be able to tell the differences between each
stage or step.

Classification
Groups or segregates material nto classes of
Categornes.
ﬂm_\m"ovm a classification system to be used in
the future to classify items.

U%
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Examnple

Hearing can be described in five separate stages
First, sound waves are captured by the extemnal
portion of the ear The outer ear's function is to
focus or concentrate these MoEa i%mm_ w%:m

second stage, the sound waves travel cown

Mnm auditory Emm_ (a tube embedded in the bones
of the skull) and strike the tympanic membrane or
eardrum. The third stage occurs when the

es of similar
rations of the eardrum begin a seri
by al small bones. These vibrations

vibrations in sever
are then transmitted to the inner ear (called the

cochlea) during the fourth stage. At this point, the
vibrations are tumned into neural impulses that
are sent to the brain The fifth and final stage of the
hearing process represents the brain's interpretation
of the sound pattems

Example
tal variables can be grouped into one of
ther a manipulated vanable or &
vaniable that can be acted on
mpulated variable. The flow of

Experimen
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directly 15 called 8 ma
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JRE 11-14 (continued )

3. Signal words: “can be classified,” “are grouped,
“there are two types of’

4. Reading objective:

a. Know and be able to list class or grouping factors.

b. Understand how the classes differ.
¢. Be able to classify new information

—

steam into a room s an example of a manipulated
vanable, because it can be controlled directly. In
contrast, 3 variable that can't be acted on directly s
called a controlled vanable. The temperature of 3
room is an example of a controlled variable
because it must be achieved through manipulating
another variable. In this case, it must be achieved
through manipulating the flow of steam.

Compare/Contrast
Primary objective 15 to examine the relationship
between two or more things.
. Compare means to analyze both the similanties
and differences; contrast focuses only
on the differences.
3. Signal words include "in contrast to,” “the
difference between,” etc.
4. Reading objective: be able to discuss
similarities/differences between things.
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Exarmple

There are wo different hypotheses for the ongin
of the earth: the nebular hypothesis and the
comet-produced hypothesis. The nebular
hypothesis maintains that our planet began in
an aggregation of interstellar gas and dust. This
theory s gaining more and more acceptance. In
contras, the comet-produced hypothesis states
that the earth began as a piece of the sun that
was fipped out by a comet. The first hypothesis
assumes the earth began as small elements that
combined into larger ones. The latter hypothesis
asserts the earth was essentially already formed

when it began taking on its present-day
characteristics
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E.BSENS
writing on EM_MMMHMA__MMM,EA v ,QS:(._J, Some students were told to take notes by
by filling in cells of a 5 % %HMN Foze‘m::,osm_ group), and some were told to take notes
along the rows and the n: matrix with the names of five types of creativity printed

€ names of the nine dimensions printed along the columns (matrix

group remembenng 30% more on mﬂwa 11-17 confirms this prediction, with the matnx
” ) € rete .
answers on the transfer tes; than th fiion zest and generating 18% more correct

" € Conven
notetaking activities are equally tional group. These results show that not all

S productv J ;
students appear to learn more deeply ¢ When notetaking activity is structured.

IMPLICATIONS OF STRUCTURE STRATEGIES

Suppose that students are asked 1o read a

will read the materia] and be able 1o corr, chapter in thejr sctence textbook Some students
e

‘ ctly
the nrmgﬂ These students are able 1o figy Y m:miﬂm questions about the main concepts "
tant 1t asked, they w re out wha , -
» they would be able s important and what 1s not 1mp®
: 5. to - )
authors. These studens do not Provide an outline of the passage similar 10 the

need trainy
| el i Ng n structure strategies.
word, and sull not be :

the -
passage. Th able 1o correcyly msmwsx:m_. Perhaps even carefully read pmw:
4553 ese students b 8T questio : the
are , ns about the main ideas M
orgamzed, such as Not aware of the

nce Way that sections of science books
Theee & cM_ classification. and they could not ﬁnom:.rr
students seem to be excellent candidates 1

generalizag,
a coherent outlin on or seque

¢ of the may,
coh eral
raming in structure strategies

The research use
Presented in thye ht to

strategies for organ o on shows th .
g gani expos s that stuq, . g e effectt™

sitory ma, ents can be taught t e
ory eral g

Two ce 5
Wo central features of successful triN™

Zing

ey

—

systems are (1) emphasis on specific types of structures commonly found in expository
prose, and (2) extensive practice in recogmzing and applying these structures when actu-
ally reading textbooks

The initial step in structure training is o give students clear definiions and examples of
the major prose structures that they are likely to find in the texthook. This section
described two different structure traming systems—knowledge mapping and outlining—
and both systems began by giving the students clear definiuons and examples of a small set
of structures. Because different subject matter domains rely on different types of structures
(e.g., biology emphasizes classification, whereas chemistry emphasizes sequence), the
teacher may choose a few basic structures that are most commonly used in the classs text-
hook. Students then need practice in recognizing which paragraphs in the textbook corre-
spond to which structures

The second major step is to help students outline their textbook based on the underly-
ing prose structure. For example, once student recognizes that a paragraph is generaliza-
tion, the student should be able to list the main assertion followed by supporting evidence
Feedback from the teacher (or other models) is useful so that the student can compare his
or her outline to the teacher’s

Structure strategies are likely to be most useful for less skilled readers (because skilled
readers presumably possess better orgamzing skills) and for unfamiliar expository material
(because students have more experience with the structure of stories)

Generative Strategies

WHAT ARE GENERATIVE STRATEGIES?

The preceding sections Qc_o_jmn_ ways Lo help the _Q::nw remember wvarm”c Mwmpwzwﬂma
organize material into a structure Another aspect of acuve _Saim is S,RWS i Lm,.,: ¢ mae
rial with existing knowledge. Generauve strategies are r.m:w_:m wﬁww.qn,ﬁnma&.&m = nn vT,.m_.
the learner integrate presented \nformation with ox.&:ﬂm Tno,; ”m;rmﬂ n”mw 2:” o
example, in reading the lightming passage (Figure 11-1), we could teach a s 012
summary notes or Lo generate and answer questions

THEORY: HOW DO GENERATIVE STRATEGIES WORK?

"NiC Gc ; ofer to any activity ol the
Rothko 9 e 1athemagenic GCLvity 1o 1€ \
t E (1970) coined the term ma

‘ e. 1aking >s. underliming, answenng
- owledee. For example, taking notes. u ]
learner that gives birth to know __mumn mathemagenic activities In taking a cognitive per-
gmagtil = = -

questions, Or repeating aloud all are : m‘::_w”,, — meaningful leaming?” Based on

v . “How can such ac S T ¢
spective, you might ask, “How
the model of meaningful learming
promote meaningful learning pa
ing matenal with exisung knowle bt leamer must actively generate the relations

eSS ‘hich the learner Ms B
learning 1s a generative process nw X
“ Los calle ilding intema
among ideas—activities that 1 have catt 2 I% r:m_,s Sk
S L araleine may heip SOl

Some learning actwities such as notetaking r
processing,

H:rﬁf.«:ﬂmrx in this DOOK, U ese activities are intend ~d 10
because tne Jearner 1s encou a sed 1o integrate mnco
CAUSE L arm £ ¢ m

. qrock (1974, 1990) argued that
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RESEARCH: DO GENERATIVE STRATEGIES WORK?

Consider the

owing scenano: You enter a lecture hall where the professor is giving a lec.
aton of lighting. You sit down and glance at the notes of the studen sit-
ht. She has wiitten a series of verbaum phrases from the instructor such as
“cool, moist air”™ on one line, “forms a cloud” on the next line, “reaches freezing level” on
the next line, and so on. To her, notetaking seems to involve selecting relevant facs o
write down You look to the student on your left. He has written a sort of outline consis.
mg, of five major steps labeled 1 through 5, and under each he has listed some component
processes fabeled by letters such as a, b, ¢ To him, notetaking seems to me

ture on the fo

ung on yourr

an organizing
relevant facts into a structure. Finally, you look over the shoulder of the student in front of

you. She has written a summary m her own words describing how lightning forms, and in the
margin she has written some comments based on her own knowledge (such as “positive

and negative charges atiract™) To her, notetaking seems 10 mean trying to elaborate on
the matenal and relate it 1o what she already knows

This section focuses mainly on aspects of notetaking reflected in the third studeni—
using notetaking as a way to integrate the presented information with past experience
Generative strategies

are intended o promote deep understanding by prompting
the learner to put the material into his or he

relate n with other knowledge . Two import
questioning,

r own words, distill its main message, and
AnL generative strategies are summarizing and

Summarizing Strategies Under some

conditions, notet
build exte

aking may help the learner
rnal connections (ie., to relate the ::c::;:::‘_:Ff.m:?x_ o existing
knowledge) The learner may be encouraged 1o explain an idea in his or her own
words or to relate formation 1o a familiar concrete model. For example, May¢!
(1980) asked college stude :

nts 1o read a manual on computer programming with one
y < 2 . ¢
programming command described on each page. For some students, after each page

they were asked to explain the command in their own words and relate it to a concreté

tamihar situation (elaboration group). Other students read each page withow
elaborating (nonelaboration group). Students in the ¢

more conceptual information from the booklet
solving tests that involved apply
nonelaboration group However, the
the elaboration group on recall of
like those given in the manual
to relate the presented inf
learning,

laboration group tended to recall
and 10 perform better on proble™
Ing commands 1o new tasks than did the
nonelaboration group performed just as well 25
details from the manual and on solving probl€™
Apparently, elaborative note -

taking encouraged ¢ ful
ormation 1o what the *

y already knew, resulting in meani?

Inasi > LU
s o -q__”“ M «__Mw. M_N_Hﬁn_,_mmmﬁ.%nq and Mayer (1978) asked college and high mn:c:_.u_%
Some students wers ﬁr&m vi ﬂc_mvﬁ_ lecture on computer programming Of m_u:u:am
6 ke moees, ol e O take notes during the lecture; while others were not allow "

oflowing the lesson, students were n_<n:c2§_c3.v3_<_:m Lests thd

included problems like

those given ¢ iR

: reative uring the lecture (ne; er) ¢ roblerms
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...Emm:s:mn:
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the presentation. Verbaum shadowing of the passage resulted in poorer recall for the cop
ceptual principles and in poorer performance on creative problem solving than in a conirg|
group that simply listened to the passage. Thus, verbatim copying seems unlikely 1o lead

t0 the building of external connections even though the 1

earner is being forced 1o be
behaviorally active

Other ways of encouraging students to construct external connections (as well as
internal connections) in a passage include summary notetaking. In a summary notetak-
ing study, Doctorow, Wittrock, and Marks (1978) asked elementary school students to
read a passage and then recall the passage. Some students were asked to generate a
summary sentence that expressed the main idea for each paragraph (summary group)
some ﬁ.E%:; were given a two-word heading for each paragraph that summarized W_m
mﬁ:w idea (heading group); some students received both treatments (summary and

5 1% : .
:Mu_umﬂ%mu_zrw_foccv_ and some subjects read the passage without headings or summary
Figure 11-19 summarize 5 i
e e v g e e 5 gl
a 372-word passage for 8 minutes. As Figure 11 _Ww g vcﬁuw gl P
; ~19 shows, for both good and poor read-

ers, the summary group reta
ined over 50% more
information the ¥
and this advantage was enhanced when he iy v At

Wittrock (1974) argued that s adings were provided for each paragraph

ﬁEE:mlxm:mE::MS that subjects who write summaries engage in generative
. -onnections amo tdane: R

specific words. ng ideas in the passage rather than memorizing

~
o

Good readers (difficult passage)

Poor readers (easy passage)

ension test
]

3]

[

g

3

Proportion correct on compreh
3

Summary m::....:,_

al
and "
heading

M_ncnm 11-20
mwcnmam who take
Mmary notes
Produce better
m:wima to transfer
Questiong than
w.amjﬁ who take
®rbatim noteg

Suppose students are asked to take notes in any way thar would help them as they read 2
philosophy text. As a result, some students write verbatim words and phrases veitaatin notes
group), whereas other students summarize the main ideas in their own words (summary notes
group). Which form of notetaking is more effective? If summary notes require deeper _u;nx. ess-
ing by the learner (including organizing and integrating the material), you would expect the
summary notes group to outperform the verbatim notes group on being able to use the pre-
sented information 1o answer essay questions. This is exactly what happened in a study by
Slotte and Lonka (1999). For example, Figure 11-20 shows the essay test scores on defining
key concepts, comparing and contrasting several different ideas, and evaluating the authors
views on a given topic. As you can see, for each type of essay question students who opted to
take summary notes outperformed students who opted to take verbatim notes These results
are consistent with the observation that all notetaking activities are not equally useful ways to
promote transfer. 1t appears that notetaking is more likely to promote transfer when learners
generate summaries 1n their own words rather than copy verbatim words and phrases

What can be done to help students reflect on their notes and organize them into coher-
ent summaries? To study this issue, King (1992) presented students with a 20- to 30-
minute social science lecture on a topic such as “civil liberties™ and asked them to take
notes. The students were involved ina remedial study skills course and had been selected
because of their relatively low-verbal-ability scores. During subsequent study R:o?
some students (note-taking-with-review group) were told to prepare for a test by reviewing
their notes, whereas other students (note-taking-with-summanzing mS:E.sMRrGE o
prepare for a test by using their notes and recollections (o Write w, mc.aﬂwsc m.m”mn”h“mn.”
points from the lecture. Students in the notetaking-with-summarizing group &

6
D Verbatim notes group F
5 E Summary notes group
—
g :
5 —
(&)
§3
8 i
O 4 3
w. A
&2
L
1 i
| Bed — )
Companson Evaluation m
questions questions _
*rll\\\ i.\q\n\\mmmm effects of spontaneoys noteteking

1999). Review 0nC 7
Source: Adapted from Slotte, V. & hozmmmMnhao:m_ Psychology. 2, 1420
on text comprehension. Contemporary
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how to write a summary by writing a sentence stating the main point and then WIting sen.
tences linking the main point of each subtopic back with the main topic. In addition,

they
were lold to write using their own words. These activities appear designed to help mEanswm
select relevant 1deas (by choosing the pomts to be summarized), organize them inyg 5
coherent structure (by linking the subtopics to the main topic), and integrate them with
prior knowledge (by writing 1n one’s own words). Students who were taught 1o summarize
their notes actually took more complete notes than those who were
paton of the summanzation activ

not, perhaps in antjc-

ity Specifically, the notetaking-with-summarizi
had 29% more of the important

ng group

ideas n their notes than did the notetaking-with-review

group. What happened after the groups reviewed or summarized their notes? On a com-
prehension test for the lecture. the notetaking-

with-summarizing group scored 25% higher
than the notetaking-with-review group. These results show that students can learn how o
be active notetakers in ways that are more likely to promote deep learning,

In a review of programs aimed at teaching students how to write summaries, Pressley
and Woloshyn (1995) concluded that “summarization training is a powerful intervention”
{p- 62). Furthermore, Peverly, Brobst, Graham, and Shaw (2003) provide evidence that
college students need raming in how to take notes for difficult material

material? One approach is 10 1

erale m:a NSWET appropriate questions as they learn

rw«“:ﬂw wﬂmnﬁ 0 nMuMszn what successful leamners do as they read a textbook Chi, Bassok.
. Reimann, an ser (1989) compared how suc. Sful

read 2 physics lesson that included ;.Ermw.ég_ e Sl i s

as they read. Fo :

. problems. Students were asked 1o talk aloud
T example, they might say “UJ e
connected by a string thay doesnt gt \

,JSBAﬂrwmc..ccES»rnmmsmechmn chere
80Ing 10 be moved, and the Elm_,,.m,‘wn_mr«on .:_wwm m ki m:ﬁn,rna‘ - 81&m
TENLs, You can see that the studens are trying 10 mhv M.Sm e el ...n.a,
e e e s K:,smﬁ_bw‘, :Sﬁﬂ 1 the worked-out problems to %ma
tum the seermngly passive task of Rw&.:u 2 ﬁn“r.“ W : i ﬂs%sm
e d vt mALMSm‘W.“ 00K lesson inuo an active 1ask of sense Bw
times 25 many self-explanations while 1o Shal 5 sobing physics problems mmsnaﬂa..i
results sugpes: that succeseyy] learmerc o 0¢ 25 did the less successful srudents. Thes?
- ,s mers are more likely 10 know how 1o engage in actve C0F
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FIGURE 11-21
A Questioning
Strategy

e e T nll.iaﬂ-ﬂ

Developing an accurate mental model is an indication of meaningful learming and 15 useful
for solving problem-solving transfer problems. Apparently, st

udents learned more deeply
when they were required to engage in explaining text as they read.
The self-explanation results encourage the 1dea that low-achieving students might ben-

efit from training in how to generate and answer appropriate questions as they read a text-
book or listen to a lecture. In an exemplary study, King (1992) taught self-questioning
skills to college students who had been diagnosed as having learning difficulties. First, the
students were given a list of 13 general questions, as listed in Figure 11-21. King Comwu
designed the questions to “guide students n processing the lecture content by . . . analyzing

COGNITIVE PROCESSES THE
QUESTIONS ARE INTENDED TO
QUESTIONS INDUCE IN LEARNERS
i / analysis of processes and concepts—
Frplam whs exphat or imphait in the lecture
Explain how translaung terms into different vocabulary
What is the mam idea of ?

idenuficanion of central idea explicit or

imphacit in the lecture
? lication of information in another
;W /ou use 10 app!

How wouldye context—perhaps relating to prior
knowledge or experience

generation of novel examples of a
concept or procedure—perhaps
mnvolving relating to prior knowledge
OT experience

retrieval of background knowledge and

What 15 a new example of 7

What do you think

? integration with lecture matenal 1o
evid hapgest make predictions
analysis of two COnCepls—Companson
WAk the e ? and contrast of concepts
e Mﬁu »m&d&ﬁ analysis of two concepis—companson
How are an sim

{
and contrast of concepts
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the ideas and concepts in the lecture, determining how those 1deas ?,_‘.,:p. —J.n.mn: other, ang m_ncwm _m“.mwwno
relating new information to their own prior knowledge or experience” (p. 309), The cm.ﬁm _w%:_:m PORTION OF TRANSCRIPT TYPE OF QUESTION
instructor modeled (a) how to use the general questions 1o generate specific questions o OR nomzmz.a
relevant to a specific lecture and (b) how to answer the specific questions based on the
lecture content. Next, the students worked individually to generate questions and answers Jon:  How does the muscular system knowledge-review question
The students shared their questions and answers with the class and received construcyye work, Kyle?
feedback Finally, they practiced by taking notes on a short lecture and then generating Kyle:  Well . . it retracts and contracts comprehension statement
questions and answers based on their notes. when you move.
Does training i self-questiomng affect learning from a lecture? To test this Question, King Jon:  Can you tell me more? probing question
(1992) asked students 1o take notes on a 20- 1o 30-minute lecture on a social science topic Kyle: Um . well.
such as “civil liberties” and then review the notes (notetaking with review) or engage in self. Jon: Um, why are muscles important, Kyle? hint question
questioming (notetaking with questioning). The lecture notes of the notetaki ng-with-questioning Kyle:  They are important because 1f comprehension statement
group contained 33% more of the important ideas than did the lecture notes of the notetaking- we didn't have them we couldn
with-review group, suggesting that the questioning training helped students focus on the move around.
important material In addinon, the notetaking-with-questioning group generated 13% more Jon:  But...how do muscles work? probing question
correct answers on a comprehension test (involving transfer) than did the notetaking-with- Explain it more.
review group, suggesting that questioning helped students learn more deeply Can you give an example? probing question
I your goal 1s teaching for transfer, the process of generating and answering thought- Kyle: Um, muscles have tendons. Some comprehension statement
39575% questions can help learners reflect on the presented material. For example, muscles are called skeletal muscles.
M“mwwmwuﬁdmm”a:gmﬂn“am_wﬁ:”_N.cmvaﬁm:ﬁg. ﬁ,:_nE_n school .m_:n_m:G how to ask a series of They are in the muscles that—like—n
with 2 knowledge revien nc.nm:.wm“ mcwﬂ. mcwﬂ_ﬁ ‘_mmmo:m‘ The questioning pattern wmm_:m your arms—that have ﬁm:am:m that
and follows up with probing questions ﬁcwmr mwmm €0t the musulis m,_v\w::j ,,zo_‘_ﬁ Kyle? hold your muscles :va ocw M:MMMS
such as “Why are muscles Aavozmst...m_:n_m:ﬁm - v\mcmﬁ__ me more?” and hint questions ake v tnove mw ?mo %M:_:
asker and question answerep Fiase LE07 e mi%q ed in pairs 1aking turns as ncmm:w_: forth. So you wum walk an . feedback (accuracy and
(who serves as the question asker) and Jon ?m:a S no:é: of 2 transeript involving Kyle Jon: Good. Alnght! raise)
serves as the question answerer) P
otudents who participated in generating and answerin . lessons
E:mm:o:in group) performed about as well as othe Mn_:mm:o:m about science lesso n How are the skeletal muscles and the thinking question
Aamz&nm_:m the factual material—he mmo_.m.m Eﬁﬂmmﬁocoﬁmusmwﬁzo._n cmm:o:_m—%@mﬂmmwvmw cardiac muscles the same?
respectively Howey 5 TTect versus . ‘
E_anznmmwﬂ“o%mmww M,”_ Mmm” mn _Mﬁ.ozwa.mm_,uim transfer in which students had to make Kyle: C:rﬂrm mHM _Mn and the
scores were 57% versus 349 R E.H . o,ma higher than (he no-questioning group—the smooth mu keletal
)  Tespectively Overal] (hy ; ning Jon:  The cardiac and the skelet owled ruction
m:m:w.m,mu can be used 10 Promote deep unders d ~ escdrely sliows husw ruesiis Kyle: Well, they're both a muscle knowledge OIS .
questions prime more than simply selecyy u_m<: "8 that leads 0 transfer. In this A ) m. hey're both pretty strong (integration, similantes)
:wm%:ncmmzaa can guide the Eonmmmm of owwm”m_?mE ~Mmo_.3m:o:p i dgpasinibal Bl M”a ”WMN‘ ﬂo_a things 1 dont really
1s research shows s #ing and integrating knowledge Y g :
teach students 1o m:mm%_wwm“mm“:_,.o strategy for EoBo:w:m mmﬂmﬂ:«.m wwogmm_:m is 10 think »rwv. have .Emnrﬁﬂmm ﬂmﬂou probing question
maverial they are reading, Althoygh wcwsm:o:wl?oaczzm oral explanations of textbook Jon:  Okay. Why don't you n? )
when they are asked 10 “think alend me students Spontaneously generate self-explanations have much in commor S knowledge construction
Imporiantly, students who s &,Fr& ™ead a textbook lesson, some students do 1! Kyle: Because the smooth e Juntary (integration, differences) m
Detier on tests on he i W:Esmo:u_w Produce high-quality self.expl ns perform mean the skeletal muscle is voluntan &
& Chi. 2005). For — 2!, ncluding teg; nvolving d 2 PEEERD E..,m:o 000 Res and—the cardiac muscle is involuntary _w
Mple, suppose 8 deep understanding (Chi, 2000, ¢ : ) {
including the segment shown You are reading 3 19-page | etry proofs: Okay, I'll ask now |
about what yoy are think ™0 Figure 1123, You are asked 10+ S e (o 1alk r iy atorial
than 5 seconds yoy are "IN 2 YOu the read the materig) Py _m. faza [ g Adelgors, A (1998) MGl peer II0NG Fleck ol nakvng 8
would expect ?E o eminded 1o thinj aloud |f o S, and if you remain quiet for Source: From King A, Stoffen, A.
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Angle in a semicircle theorem

The angle in a semicircle is a right angle

Proof
Let C be any point on a semicircle (other than at A or B)
where AB 1s its diameter

C
¢ ;
b Let <CAB be x and <CBA be y. Join OC
0 B

A <) In OAC,
OA=0C (equal radi)
- OAC is 1sosceles
S CACO = <CAO = x (equal base angles)
Likewise, BOCV is 1s0sceles and . <BCO = y.
In AABC,
X+ (x+y)+y=180"[sum of angles of triangle]
SO+ 2y = 180°
Lxty= 90°
| Hence angle ACB 15 a right-angle,

Source: Reprinted from Leaming and Instruction, 12, R
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c_Sjm

_“_ncam 11-24
students who

are trained i
%33,5@ )
m%.mxu_m:m:o:m
produce more
za?ncm_a. .
self-explanations
during learning and
show greater gains
in Eogm:_-mo,s:c
performance

Trained group Control group
Self-explanation statements during learning
Management statements 58 21
Access statements 35 20
Generation statements 42 22
Problem-solving test
Percentage correct on pretest 61% 61%
Percentage correct on posttest 75% 61%

Source: Reprinted from Learning and Instruction, 12, R M. F Wong, M. J. Lawson, & J. Keeves, The effects of

self-explanation training on students’ problem solving in high-school mathematics, pp. 233-262, Copyright
© 2002, with permisston from Elsevier.

experiment encourages the 1dea that self-explanation activities can be taught to students
who don't spontaneously use them, and that the traming can result in deeper learning

Self-Regulated Learning Strategies Overall, teaching of summarization strategies and
teaching of questioning strategies are attempts to help students develop into self-regulated
learners—learners who take responsibility for managing their learning activities (Azevedo
& Cromley, 2004, Winne, 2001) Self-regulated learners are particularly needed i the
information age, where students are exposed to many sources of information in many
different forms. For example, suppose you ar¢ seated at a computer that is running a
multimedia encyclopedia, and [ ask you to Jearn all you can about the human circulatory
system in 45 minutes. Here are your main instructions:

You are being presented with a hypermedia encyclopedia, which contains textual informa-
uon, static diagrams, and diginzed video clip of the circulatory system Your task 1s to learn
all you can about the circulatory system in 45 minutes. We ask you to think aloud continu-
ously while you use the hypermedia environment to learn about the circulatory system
(Azevedo & Cromley, 2004, p 526)

To get you started, | show you the three most relevant m_‘:n_mTosn.Zooa, the Jmm: ,. m:n.”
the circulatory system—which together contain _o.woo words, 107 hyperlinks, and 35
illustrations (including diagrams, photos. and animation) .

Learning 1n a hypermedia ens ironment can be a daunting ﬁmr. S0 mEamEv,:ra.‘ :mu
learn effectively. Is there anything we can do to help students learn more effectiv ely?
Azevedo and Cromley (2004) developed a 30-minute pretraiming F%wn?& E:vw_:.m,ua
some generative learning strategles, such as how to set learming mm,m_m...n.:, FA: u__n cmmq r.:w% M
edge, ask questions about the material, elaboratc on the matenal, muur,uw‘ the m& nmﬁ._MC _w
the informauon, assess how well you are _SS_N:WV. summarnze the matenal, and seek rele-

' wn in Figure 11-25

fm:“uﬂ,”\:_mamwwﬂwzmmwwﬂwww :E:E,Wﬂm_v college mEn—ms..w,wm.E:.:oE ﬁ_re —.:%:_Bmw_uu
encyclopedia? First, lets examine whether there were E:M:,:?_w _MH v.:m:wmm :J::h:_mn%
45-minute learning session in which students used the M: ne w:ﬂ,r ﬁ_u,n_mm ﬁcn_”,:?.
about the airculatory system. Based on observations of stucen® B¢ RIS K
thinking-aloud comments dunng learning, Azevedo and Cromicy u at the
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FIGURE 11-25
Some learning
strategies
performed by
students using a
multimedia
encyclopedia

i e
Learning strategy Exampl i
| ' - spends time reading text and then says: “Wha
FERERIESES l&ial”;?\om? from this?" and reviews same content.
- "Thi t white blood cells are
| Learner says: "This says tha blo
g involved in destroying foreign bodies!
Drawing Learner draws diagram after saying: “I'm trying to imitate

the diagram as best as possible.’

Learner copies text from encyclopedia and says: “I'm

Taking notes . ‘ g
' going to write that under 'heart.

Reading notes Learner refers to notes and says: "Carry blood away,
Arteries—away.’
Making inferences Leamer sees diagram of heart and says: “So the blood . ..

through the . .. then goes from the atrium to the
ventricle . ..and then...”
Planning Learner says: “First, I'l look around to see the structure of

the environment and then I'll go to specific sections of
the circulatory system.

Assessing learning Learner says: “Let me read this again since I'm starting to
getit..."”

Activating prior knowledge ~ Learner says: ‘| vaguely rememnber learning about the
role of blood in high school”

Managing time Learner says: “I'm skipping over that section since 45
minutes is too short to get into the details.”

l

Adapted from Azevedo and Cromley (2004).

sn';ucgyl"-lramed learners were more likely than the nontrained learners to engage ™"
generative learning strategies such as asking themselves questions, summarizing, drawing
taking notes, reading notes, and making inferences. Second, let’s examine what happenst?
;‘:‘{i:“:ﬂg“{‘&ttl;:lons of hoﬁwv ?h:: CII'C’ula\lOl'}’ system works based on gsking them bol?}
arning to “write down everything you can about the circulatory syst™”

and to draw the path of blood flow throughout the body. Azevedo and Cromley score
each students answers as reflecting one of 12 progressj\vei r more developed con::ep[ions
tor mental models) of how the circulatory system. On the) retest, both poups started &

the same low level—a version of the smglc-lloop model in \\[/)hich l;l d c?rl(-:ulates throug
the body with the heart as a pump (level 6). On the posttest. th 00 rained grov?
showed a much better improvement than did the contr?)l . t(;f Str;yategy at the endof
learning, the control group still had a version of the si 8;01?)- ; a\grfgii)ei[ a slight®
more sophisticated version (level 8), whereas the stratsmg SHO0P THONR }?d 2 version ol
flllwlc double-loop m}:)do:l (level 10) in which both the ek%z;:af:zildlﬁr:rupng: are m\'cﬂved
hus, on average, the strategy-traj ‘ ¢ 0
model (which zi‘S largely 'tl:)f"lyci:;“ n;gc?JSiCF;S o more Lilcelyrto Bl e doulbl!fe’l[:tf['
build a version of the 5ing]€~loop modr,:] ‘(wh.?h‘?c"mrijlned students were morvt’ i lf‘L ¢
eroupsdiiered inthets lestBing of the besr. [m‘ ‘1.5 seriously flawed). Third, lets Steneso'
20 elements on a color picture of the ¢ . ¢ facts, such as being able to label the nm. N
Ot the circulatory sysiem. Students in the strategy ™
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group ?hOWEd a much greater prestest-to-posttest improvement (from 5% to 38% correct)
than did the control group (from 4% to 23% correct). Overall, the strategy-trained
students used more useful generative strategies during learning, performed better on trans-
fer tests (measuring understanding), and performed better on retention tests (measuring
memory for main facts).

These results show that it is possible to teach students to become self-regulated learn-
ers—that is, learners who take responsibility for controlling their own learning strategies.
When learners engage in self-regulated learning they set goals for their learning and then
attempt to monitor, regulate, and control their cognitive processing during learning
(Azevedo & Cromley, 2004; Winne, 2001). Self-regulated learning is particularly impor-
tant for learning in hypermedia environments, because learners have so many choices. As
you can see, self-regulated learning involves having useful learning strategies (including
generative strategies) and being able to manage them. Azevedo and Cromley’s study
encourages the idea that we can provide direct instruction in learning strategies that pro-
mote self-regulated learning.

Each academic discipline may require its own set of generative learning strategies. For
example, Wineburg (1991) has shown that expert historians engage in three strategies
while reading historical documents: sourcing heuristic, in which historians use the source of
the document to interpret the content of the document; corroboration heuristic, in which his-
torians compare content across documents to identify discrepancies; and contextualization
heuristic,in which historians place the content within the its spatial-temporal context.
However, high school students do not spontaneously use these three strategies (Wineburg,
1991) and even college students can benefit from training in how to use them (Britt &
Aglinskas, 2002; Rouet, Britt, Mason, & Perfetti, 1996).

For example, suppose you were given access to a set of six or seven documents about
the United States building a canal in Panama in 1903, including historical commentary,
participant reports, and excerpts from a novel. Each document is on a separate page and
information about the source (e.g., a U.S. president, a novelist, a historian, etc.) 1s printed
at the bottom of each page. You are asked to comprehend the material so you could answer
questions such as “What happened during the planning of the Panama revolution?” and
“To what extent did the U.S. government influence planning of the revolution?” If you are
like most college students who engaged in this task, you probably would not pay much
attention to sourcing information such as “Which document was written earliest?” or
“Which document is least trustworthy?” In Britt and Aglinskas’s (2002) study college stu-
dents were able to correctly answer an average of 16% of questions about sourcing and
high school students correctly answered 12%.

Given the students’ low sensitivity to source information, Britt and Aglinkas (2002)
developed a computer-based training program c;\l!cd Sourcer’s Apprrnt.lu'_, The Sourcers
Apprentice program explicitly taught students to identify and use source information when
reading documents. When reading documents, for example, students are prompted to take
notes on the author (including the author’s position and motives), document (including the
date), and content (including links to other documents). On the posttest, students exam-
ined a different set of materials than those used dunng traming, and were asked sourcing
questions. Students who had received the Sourcers Apprentice training generated twice as
Many correct answers on the posttest than those who did not receive the traiming. When
asked 10 write an essay about the materials they read for the postiest, students who had
received the Sourcer's Apprentice traiming generated more than four times as many
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IMPLICATIONS OF GENERATIVE STRATEGIES

istening to a lecture on American history. Does listening mean ihy
in which the students simply take the teacher’s words
This section showed that learning—even learning from
The student can control the learning process by using
generative techniques such as summarizing, qucslinmng,qnd sg]i-r:cgulaling,

When the goal of instruction is verbatim retention of specific facts, verbatim copying
(or underlining in texthooks) guides the learner’s attention. When the goal of instruction is
retention of important material and transfer, students need to engage generative activities
aimed at building connections among ideas.

The active cognitive processing elicited by ge
questioning, and self-regulating presumably can be taught. Some students spontaneously
take a generative stance and do not need training in generative strategies. Other students
engage in generative activities only when told to do so. These students need practice in
generative activities such as summarizing, questioning, and self-regulating and in seeing
that these activities can improve their test performance. Finally, some students do not
know what it means to be an active learner. These students may benefit from direc
instruction and practice in generative activities and in comparing their summaries or ques-
tions to those of the teacher or other students.

In summary, an activity such as notetaking is not necessarily a mindless chore with lit-
tle benefit to the learner. On the contrary, in learning to productively take notes, a student
can learn how to control his or her cognitive processes, including guiding attention, org*
Ex:mg in what is presented, and relating what is presented to what he or she already

Nows.

Suppose that a class is
learning must be a passive process
and put them into their memories?
lecture—can be an active process.

nerative activities such as summarizing,

Chapter Summary

Ihis chapter explored three types of learning strategies—mnemonic strategles aimed 4

increasing the amount of information learned, structure strategies aimed at helping st
dents build internal connections, and generative slrategieshaimeg l }‘K‘l in s[udeﬁls buil
external connections. The building of internal and external co a N P fl;l yws for meal

ingful learning that enables the student to transfer what was ];;rne(duons X (situalionsr
Several mnemonic strategies repeatedly have been sh<;\;vn t )n l(; . r.]‘ce\:s{ul including
:lrttl:t}{::nr\ci ln‘mhnd, which'we explored in this chaplér. How;w:re gs;élopme‘nlal differ
SI-Y;lk'ller(' ::rl;lu!gi :: u:li:‘r;]lsl :hihty Fo learn and spontaneously use mnemonic strateg‘“<
mentally organize )r:';- : d n'mp.plng’ fmd outlining can also successfully help students
. presented material. This kind of training seems to have 1ts strong®™
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effects on transfer performance. Chapter 10 provides some additional examples of research
on the tole of text adjuncts designed to help learners see the organization of the material.

Generative strategies, including summarizing, questioning, and self-regulating, are
aimed at building external connections and show their strongest effects on tests of transfer.
Chapter 10 provides some additional examples of research on the role of text adjuncts
designed to help learners integrate new material with their prior knowledge.

The theme of this chapter is that teaching of learning strategies is an appropriate
instructional activity, although in practice little time is devoted to teaching students how to
learn (Weinstein & Mayer, 1985). Teaching students how to remember information, how
to determine what is important, or how to figure out the theme of a passage may be just as
important for the student’s academic success as teaching specific facts and concepts. This
chapter showed how learning strategies can be taught effectively within regular subject
matter contexts (i.e., using textbook material that is part of the regular program). In the
course of teaching science or history, for example, the teacher can also help the student
learn how to effectively read, process, and remember the material in a textbook.

The appropriateness of learning strategy training also depends on the teacher’s goals.
When the goal is to help students memorize paired associates as in foreign language vocab-
ulary, mnemonic strategies are warranted. When the goal is to teach students how to figure
out what is important and what is not important in a passage, structure strategies are called
for. When the goal is to determine the theme of the passage, generative strategies can be
taught. The appropriateness of any strategy training also depends partly on the learner
(e.g.. whether the learner would normally use the strategy). Before strategy training is car-
ried out, each student should be tested to determine whether he or she knows how to use
a particular strategy. If a student is already proficient in using a strategy, training is not
needed for that student.
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