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proved effective across diverse measures of writing per-
formance. The mean effect size inmediately following
strategy instruction in 20 group comparison studics was
1.15, with effect sizes at posttest for key measures (writ-
ing quality, elements, lengeh, and revisions) of 1.21, 1.89,
0.95, and 0.90, respectively. The effect size for mechan-
ics was relatively weak, 0.30, at posttest. The effect sizes
calculated for the single subject design studies wege sim-
ilar. Graham placed these effect sizes in perspective by
noting that the most successful intervention (the envi-
ronmental model) in Hillock's (1984 meta-analysis of
different methods for teaching writing has an average
effect size of (.44, SRSD is clearly powerful relative to
alternarives

Graham {in press) also found that while maintenance
was asscssed in only 54 percent of the studies reviewed
and generalization i only 38 percent of smdics, ef-
fect sizes were large here as well, For example, in the
group comparison studies, malptenance, generalization
to genre, and generalization (0 setting/person effect sizes
were 1.32, 1.13, and 0.93, respectively. These were not
related to the type of student recetving instruction, grade
level, strategy taught, or genre. Finally, although it has
been suggested that teachers may not be able to realize
cffects as strong as those obtained by researchers and
research assistants delivering interventions, there was no
statistically significant differcnce between type of teacher
in the group comparison studies, and teachers obtained
larger cffects than gracuate assistants/rescarchers in the
single subject design studics reviewed.

Finally, Graham (in press) noted that smdies using the
SRSD model accounted for 45 percent of the group com-
parison studies and 68 percent of the single subject de-
sign studies, T'he average effect size for SRSD studies was
almost twice that of the other studies. The three char-
acteristics of SR5D noted previously might explain his:
There is explicit development of selfregulation strategies
in tandem with writing strategies; instruction is criterion
based rather than time based; and such instruction explic-
itly targets attitudes, beliefs, and motivation.

Much more remains to be learned about writing strate-
gies instruction and the SRSD model. 3RSD continues
to evolve. Mason (2004) is now studying the effects of
SRSD on multiple measures of both expository reading
comprehension and expository writing among fifth-grade
students who struggle with reading and writing. The in-
struction is being studied with both special education and
general education teachers, with the reading and writing
part of science and social studies instruction (e, there
are strong cross-curricular connections)

Foreign Language Leaming'

There has been considerable advance in understanding
the natare of second language acquisition in the past half
century, with much of the work carried out and inter
preted within information processing theory (McLaugh.
lin & Heredia, 1996). Teaching second languages in school
is challenging. Contrary to some early hypotheses that
children are especially adept at second language acquisi-
tion, in fact, the younger the child, the greater the chal-
lenge in learning a second language. Acquiring a second
language is definitely a long-term developmental process.

Well before educational psychologists conceived of
anod information processors. foreign language educa-
tors advanced the idea of good language learners (Rubin,
1979, with this conception of language learning defi-
nitely consistent with most aspects of the good infor-
mation processing perspective. Good second language
learncrs are very strategic. For example, they habitually
make informed guesses about the meanings of words and
phrases they encounter, making infercnces about possible
meanings based on context clucs. When good language
learners do not know exactly how to say something in
the second language, they creatively use what they do
know about the language Lo aticmpt to €xpress meaning,
often adapting the rules of the language. They learn strare-"
gies for keeping conversations going and approaches that
work (o keep them in a conversation even if they cannot
quite say what they mean. Good language learncrs use
a varicty of memory strategies to remember the mean-
ings of words encountered, including mnemonic systems,

such as the keyword method, discussed previously i
this chapter. They learn “chunks” of language and pay

attention to idioms and proverbs, which can be learned:

as wholes. The good language learner pays attention to. .-

meaning, habitually making the most of context clu¢s
(e.g., speaker gestures) to guess at the meaning of & word
or phrase.

Such attention to context clues permits the develop-
ment of sophisticated metacognitive competence, with
the good language learner aware of when and where to
use particular aspects of the language being learned (2.8,

when and how 1o speak formally versus informally). In-

deed, the good language learner actively and consciously
monitors her orhislanguage and the effects it has, gaining
insights about the Janguage by doing so. Further, the good
language learner is motivated to learn the second lan-
guage, wanting to learn how to communicate well in the
second language. In short, good language learning is sl
motivated and self-regulated. The good language learner

1The muthors are gratciul (o Professor Anna U Chameot of Geovge Washington University wrho provided conceptual guidance tous AlMLLCONTEmMPOrary s

second language sducation research as chis chapter was being developed.

koows @nd uses a variety of strategies, improving as a
cesult of practice and reflection on the language during
attempts (0 understand and communicate with the lan-
BUAKE. Thus, good language learners develop ever greater
strategic, metacognitive, and other knowledge about lan-
guage (e.g., vocabulary).

Considerable cvidence supports the major tenct that
good second language learners arc considerably more
strategic than wealker second language learners (O'Malley
& Chamot, 1990). There is growing evidence that among,
K-12 students, good second krguage learners are more
spphisticated in their use of strategies than weaker sec-
ond language learners, with some of the most com-
pelling work consisting of anafyses of verbal protocols
of language learning (i.e., thinkulouds as studenis at-
rempt foreign language tasks; €.g, vandergrift, 2003).
Thus, employving verbal protocol analyses to document
strategy use, Chamot and ElDinary (1999) found that
better child language learners used more of some strate-
gics than weaker learners when they read in the second
language. Stronger students made more prediciions, in-
ferences, and elaborations based on background knowl
edge, whereas the weaker students expended more ef-
fort on sounding-out strategies (i.e., stronger students
attempted to process the text meaningfully, whereas
weaker students were still struggling with simply reading
the words).

Rescarch supports the remaining tencts as well. Good
language learners monitor their learning and use of lan-
guage more than weaker learners (Chameot, 1999; Chamot
& El-Dinary, 1999). Beuer students also arc more likely
to relate aspects of the second language to prior knowl-
edge than weaker students, for example, using cognates
to make inferences about the meanings of words in the
second language (O'Malley, Chamot, & Kiipper, 1989)
Even when good and poor learners use the same num-
ber of strategies, the good learncers are more likely 1o use
task-appropriate strategics, probably caused by greater
metacognitive understandings about when and where
particular straregies should be used (e.g., Chamot, Dale,
O'Mallcy, & Spanos, 1993; Chamot & ElDinary, 1999;
Vann & Abraham, 1990). Better second-language learners
do more cognitive and metacognitive processing—much
of it strategic processing—than do less skilled second-
language learners (Vandergrift; 2003).

Are good language learners good at language learn-
ing because they usc strategics? An answer to that ques-
ton could only follow from experimental studics. The
most complete experimentally evaluated foreign lan-
guage learning strategy is the keyword method, which
generally improves learning of associations between sec-
ond language vocabulary items and their definitions
(Fressley, Levin, & Delaney, 1982, for a review), The
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keyword method involves ideniifying part of the foreign
word that sounds like a familiar word in the first language
(e.g., for the Spanish word prerdo, pof might serve as a key-
word). Then, learners either construct (1.e., make 2 men-
tal image) or look at a picture depicting the keyword and
definition referent in interaction (e.g., an image of a duclk
with a pot on its head). Work on the keyword method
for learning forcign vocabulary is continuing (Zhang &
Schummm, 2002), stimulated in part by concerns that the
methed does not facilitate learning of the foreign word
as completely and reliably as other approaches and con-
cerns that the keyword method produces only short-term
memory advantige for foreign word-definition associa-
tions (Carney & Levin, 1995; Gruncberg, 1958; Lawson
& logben, 1998; Nikol, Levin, & Woodward, 2003; Wang
& Thomas, 1993, 1999, In general, however, ther is at
best mixed support for these points of concern, although
we anticipate that rescarch will continue to document
the boundary conditions on keyword method efficacy.

Although other single second-language learning strate-
gies have not been validated in true experiments as cxten-
sively as the keyword method, in a few studies (Cohen,
1998; Thompson & Rubin, 1996), secondlanguage cdu-
cation rescarchers have evaluated the effccts of teaching
students a large repertoire of strategies appropriate for
a range of second language goals (¢.g., learning sccond-
language vocabulary, comprehending text in a second
language, composing in the second language). The re-
sults in these studics have been mixed, although at least
slightly more positive than negative. Even 80, we eXpect
mare such work in the future, with Chamot and O'Malley
(e.g., 1990) offering powerful justification for providing
broadly applicable strategies instruction to students learn-
ing a second language for use in school (i.e., instruction in
how to tackle academic content and tasks as well as strate-
gies for second-language acquisition). Although research
on the consequences of teaching such strategics is not
as far along as in other academic arenas, there has been
encugh evidence of improved sccond-language learning
following strategies instruction (0 encourage continucd
rescarch on this topic.

Mathematical Problem Solving

Mathematical problem solving is being intensely re
searched at present, by a wide variety of investigators,
from basic cognitive scientists to educational psycholo-
gists to mathemartics educators and curriculum develop-
ers. Much has been learned aboul how children solve
mathematical problems and how they can learn to solve
them through instruction, with strategies instruction
proving a potent contributor to advancing children’s
mathematical competencies.
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Researchers interested in basic cognitive development
have devoted considerable attention in the past rwo
decades to determining whether young childen (e,
preschoolers to children in the primary grades) use strate-
gies when they solve simple problems, most prominently
simple arithmetic fact problems (e.g., 5 <+ 4 = ). By care-
fully observing young children attempting to solve such
problems, studying their reaction times (i.e., how long it
takes to produce answers 1o such problems), and studying
their patterns of errors, researchers have come to under
stand that even preschoolers and kindergarten children
are sometimes strategic (e.g., counting on their fingers 1o
solve a math fact problem, counting up from the larger
addend). With advancing age and practice with particu-
lar problems, children come 1o know the answer without
having to do the compuration, so that with advancing
age/grade basic fact problem-solving is less mediated by
strategic computation and more simply retrieval of in-
formation from long-term memory (Barrouillet & Fayol,
1998; Siegler, 1996). Even some adults, however, occa-
sionally rely on mathematical computation over fact re-
trieval for simple arithmetic (Hecht, 2002).

Many cognitive developmentalists believe that chil
dren discover the strategies they use to solve such simple
math problems, including discovering that afler a while
they do not have to do the computation but can rely on
the answer they know from previous problem-solving tri-
als, although some children will do the compuration just
to make certain (see Siegler, 1996, for a review). That
voung children use strategies (o do math fact problems
with developmental shifts in strategies use is consistent
with a great deal of rescarch establishing that, with in-
creasing age and education, students exhibit more use
of strategies and more use of powerful strategies increas-
ingly better matched to the problems being tackled, with
this holding for 4 wide variety of problem types (e.g.,
Carpenter, Franke, Jacobs, Fennema, & Empson, 1998;
Christou & Phillipou, 1998, Dixon & Moore, 1996). How
much of such development represents strategy discovery
and how much is due to instruction, however, is impos-
sible to discern in these studies.

Although children do discover strategies some of
the time, problemsolving strategics instruction is often
needed. Indeed, there is a long history of strategy instruc-
tion being at the heart of developing mathematical prob-
lem solving skills. One of the most famous books in the
field of mathematics education is Folya's (1957) How lo
Soive It Polya advocated that smdents attack problems
using four general strategics: (1) The problem solver first
should attempt to understand the problem as completely
as possible. This can be accomplished by klentifying and
reflecting on information in the problem. This is decid-
edly reflective activity, Rather than starting to compute

an answer when first encountering 3 number in a prob.
lem, the good probiem solver reads the entire problem
and reflects on the meanings of the numbers in it and
the other relationships specified in the problem. (b) The
problem solver devices a plan for solving the problem,
relying somewhat on prior knowledge o do so. Forex-
ample, good problem solvers try to determine whether
this problem is similar to previous problems encountered
and whether solutions that worked with previous prob-
lems might be applied here. () The problem solver at-
tempts to carry out the problem-salving plan. (d) The
problem solver checks the solution and reflects on the
solution plan, perhaps trying to get the samne result using
a different approach. As part of such reflection, the good
problem solver notes the key features of the problem and
the solution plan, recognizing that similar problems might
oceur in the funire.

In general, there has been good etmpirical support for
Polya's position. When Burkell, Schneider, and Pressley

(1990) analyzed successtul problem-solving instruction-

with children, they found that such instruction included
steps to increase understanding of problems, careful plan-
ning of sclutions, carrying out selutions, and monitor-
ing problem-solving attempts. When Hembree (1992) ex-
amined the full range of studies that evaluated Polya's
approach, he found that ihe impact of such instruction
varied with age/grade. Such teaching tended to have a
small impact in the elementary grades but a large im-
pact during high school, with the impact in college stu-
dents moderately sized. That said, there are prominent
research demonstrations that long-term, thorough math-
cmatical problem-solving strategies instruction produces
clear improvements in performance by the late elemen:
tary grades, even among struggling math students {(e.g.,
Charles & Lester, 1984; Mastropieri, Scruggs, & Shiah,
1991; Montague & Bos, 1986).

More recently, there has been successful problem-
solving strategies instruction in the carly elemcntary
grades, documented in well-designed studies. In Fuchs
etal. (2003a, 2003b; see also Fuchs & Fuchs, 2003, forare
view), grade 3 students were provided strategies to solve
particular types of problems. Fuchs and Fuchs embel
lished such instruction with metacognitive information,
specifically teaching the students that the strategies they

~were learning could transfer and giving them information

about how superficially different problems can have the
same underlying structure. The students had opportuni-
ties to practice the strategics they learned with a varl-

ety of such superficially transformed problems. In their -

most extensive treatment condition, the grade-3 students
were also taught to use the strategies in a seffregulated
fashion. Thus, they were instructed to check to see if
their answers made sense and always to recheck their

computations. In checking problems, there was empha-
sis both on getting the answer correct and on using the
strategies taught appropriatcly and completely. Students
engaged in such reflection when doing problems both in
class and as homework. The bottom line in their work
is that grade 3 students, even average and weaker prob-
lem solvers, in fact, learned the strategies and transferred
them appropriately, with each strategy taught and prac
ticed over 1 to 2 weeks. Nonctheless, there was room
for additional transfer in their studies; the type of elab-
orated problem-solving strategies instruction that FPuchs
and Fuchs stadied deserves broader research atrention.

In general, Polya’s approach is consistent with the
good informaticn processing perspective, although sub-
sequent models of mathematical cognition and problem
solving were more comprehensively consistent. Thus,
schocnfeld (1992) and Presslcy (1986) both dealt with
the role of prior knowledge and motivation in prob-
lem solving much more explicitly than did Polya. An
important development in the past decade and a half
has been K-12 mathematical curricula that stress stu-
dent understanding of mathematics, the development
of strategic competence, and instruction that is moti-
vating because it encourages student exploration and
reflection—that is, curricula that arc broadly consistent
with Polya’s fmmework. An itnportant characteristic of
recently developed curricula emphasizing understand-
ing is that they are engaging curricula (Henningsen &
Stein, 1997). Problems are presented in interesting ways,
and connections between the math they are learning
and the worlds they experience and care about are
made clear to students. Efforts are made to provide
tasks that arc challenging but not so far beyond stu-
dents’ current understandings to be impossible. Teach-
ers scaffold student attempts at problem-solving, pro-
viding hints and supports as needed for the student to
make progress in problem solving. Students are given
enough time to explore, understand, and sobve problems.
These are environments that emphasize learning rather
than grading and competition for grades (e.g., Anderman
etal., 2001).

A number of such curricula have been studied in well-
designed comparative studics (i.c., the curricula empha-
sizing understanding have been compared with more
conventional curricula, wwhich involve more direct teach-
ing of formula and routines). In general, such curricula
have fared very well in such comparisons, with student
mathematical achievement generally higher when un-
derstanding, reflection, and teacher-assisted discovery of
Strategies is emphasized (e.g., Boalar, 1998; Carroll, 1997;
Cramer, Post, & delMas, 2002; Fuson, Carroll, & Drucclk,
2000; Hollar & Norwood, 1999; Huntley, 2000; McCallrey,
Hamilton, Stecher, Kiein, & Robyn, 2001; Reys, Reys,
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Lapan, Holliday, & Wasman, 2003; Riordan & Noyce,
2001 ; Thompson & Senk, 2001).

Although there is evidence that children canand do in-
vent hasic arithmetic problem-solving strategies, there is
substantial evidence that leaching probleni-solving strate-
gies improves math achievement. Successful math in-
struction targets the development of strategies for un-
derstanding problems, strategies for solving problems,
metacognitive understandings about when and where to
use particular strategies, and how much strategies can be
appropriately adapted and transferred, as well as moti-
vation  do mathematics. We expect work on cognitive
strategies instruction in math to continue, but probably
maore as part of multicomponent instructional packages
attempiing (o develop the strategies, knowledge, and an-
derstanding that excellent problem solvers use. Far more
analytical research on these packages is needed, for these
packages are at the center of contemporary mathematics
reform efforts.

DISCUSSION

The focus in this chapter has been on students in K-12,
for most work on strategies instruction has occurred with
those students. There is now great interest, however, in
studying strategies instruction in postsecondary educa-
tion. We refer interested readers to Butler (e.g., Butler,
Elaschuk, & Poole, 2000; Wong et al., 2003), an emerging
leader in the application of strategies instruction in post-
secondary scttings. Thus, academic strategies instruction
has the potential to affect a variety of content areas and
diverse students. Butler’s work and the work of many oth-
ers studying cognitive strategies instruction in academic
domains was informed by the basic research reviewed
early in this chapter. We believe that cognitive strategies
instruction research and practice is most likely to thrive
il there is high awareness of the historic work and sub-
stantial reflection on why academic strategies instruction
works well when it works well; models such as trans-
actional strategies instruction and SRS were clearly de-
signed to include components with proven potency in
the basic strategics instructional literature.,

Basic theory and research on strategies instruction,
mostly carried out in the 1960s through the 1980s, set
the stage for rescarchers interested in curricular issues
to begin teaching strategies in reading, writing, second-
language learning, and mathematical problem sclving.
This basic research was very analytical, which was possi-
ble because it was conducted with relatively simple tasks
(as compared to all that is involved in reading, writing,
second-language acquisition, and math problem solving)
and simple strategies, often ones that could be taught in
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a few minutes. Far more analytical research is needed ad-
dressing the multicomponent strategics instruction mod-
els evolving now. One explanation for the lack of a corre-
spondingly analytical literature with respect o siralegies
instruction in the curriculum is the huge difference in the
complexities of the situations stedied by the basic scien-
tists interestad in stoategies and the applied researchers
interested in moving strategics instruction into school
seltings.

One of the most important concepts emerging from
the basic strategics instructional litcrature was that of
production deficiency: People can often be taught to use
strategies they do not use on their own. There were many
examples of production deficiencies covered in this chiap-
rern Young learners who do not use reading, writing, sec-
ond language, and math problem-=solving stralegies often
can be taught to use them with benefit, although the in-
struction can be complex and long-term,

A second important insight emerging from the basic
strategics instruction literature was that maintenance and
transler of learned stratcgies requires instruction that in-
cludes metacognitive information and selfregulated use
of the strategies being taugdt. Two bodics of research
covered in this chapter have established that state-ofthe-
art/science strategy instruction is-metacognitively rich
and does demand self-regulated student use, The first is
contemporary comprehension strategies instruction, as
conceptualized in the ransactional strategics instruction
model. Extensive qualitative data documenting what goes
on in such classrooms (e.g., Pressley, Bl-Dinary, et al,
1992 has documented the claracteristics of this ap-
proach. The second is SRS for writing (Graham & Harris,
2003) where the model has been presented in detail and

- studies have included asscssment of whether the instruc-
tional model was followed as intended. Although such
complete instruction probably occurs at least some of the
time with respect to word recognition siralegies instruc-
tion, second-language strategies insiruction, and mathe-
matical problem-sofving strategies teaching, the fiterature
we reviewed did not include complete enough analyses
to be certain. For example, although there have been
many cxperimental studies of phonics instruction (i.e.,
teaching students to use phonics strategies), we cannot
locate any analyses of all that goes on during effective
phonics instruction. The National Reading Pane] (2000)
applauded the many experimental evaluations of phon-
ics instruction, but we point out here that phonics re-
searchers have not provided research that makes clear just
how phonics should be taught—that is, how students can
be motivated to do phonics, how critical metacognitive
information can be highlighted, and how such instruac-
tion mixes with other aspects of the language arts morn-
ing. Thus, we urge both more experimental evaluations

of most forms of strategies instruction but also qualitg:
tive analyses that make clear how such instruction can'be
done well.

Basic researchers were also interested in deterrni.ning
who could learn strategics and who could not. Thus, one
hypothesis was that learning some capacity-demanding
strategies requites substantial shorttermy/working mem-
ory, with at least some evidence generated to support
that perspective (Cariglia-Bull & Pressley, 1990; Pressley
et al, 1987). Therc has not been corresponding atten-
tion to shortterm/working memory constraints in ana-
lyzing applied strategics instruction, with many of the
curricular strategics reviewed in this chapter highty de-
manding of short-term capacity, or so it sccms to us as
we reflect o wiat learaers must do to execute them.
Wi think that there should be attention to the issue of
whether working memaorcy capacity differcnces make a
difference in whether smudents can learn a variety of
strategies, noting that such work would be consistent
with indications in the literature that short-termy/working
memory differences matter in academic learning (e.g.,
for reading, see Cain, Oakhill, & Bryant, 2004; for writ-
ing, see Butterfield, Hacker, & Athertson, 1996; Hoskyn &
Swanson, 2003).

A more general point is that the basic strategies re-
searchers were much more attentive to when participants
could not learn or would not use strategies. There has
been much less attention to this in the applied strates
gies instructional arena. We urge applied strategics in-
structional researchers to study carefully concepts such
as mediarional and utidization deficicncics (0 determine
whether such processes might be helpful in understand-
ing when some smudents do not benefit as much from
strategies instruction as others.

Ave we anywhere near to understanding acadermic
strategies use the way that we seem to understand strate-
gies use by skilled baseball managers? The answer is that
we are getling there. Future research is needed (o ad
dress the complexities and subtleties inherent in such
understanding. We note thatr one methodology has been
more lluminating than any other with respect to the com-
Plex strategies used by the academically competent ver-
sus those who struggle with learning—verbal protocol
analysis (Ericsson & Simon, 1993). We encountered many
verbal protocol analyses as we reviewed this literature.
This methodology allows documenting use of conscious
cognitive processing (Pressley & Hilden, in press-b); docu-
menting the complex orchestration of strategies by skilled
learners and the less complete orchestration of process
ing by less skilled learners

Such work is decidedly gualitative rather than exper
imental, and we note that far more gualitative research
is needed to further our understandings of strategies and

strategies instruction. Excellent programs of research on
sprategies instruction have been, and will continue to be,
characterized by qualitative studics to generate descrip-
tive understandings of students’ use of strategics, as well
a5 by experimentation o validate that the cognitive strate-
gies reported by effective learners can be successfully
raught 1o those who experience difficulties, We are confi-
dent that there will be much more programmatic study of
strategies use and stratcgies insiraction in the years and
decades ahead,

It is clear that successtul academic performance in
cach of the domains we bave addressed requires spe-
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