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FOREWORD

The Office of the Deputy Chief of Staff for ROTC (ODCSROTC) asked the
Army Research Institute to investigate the possibility of developing a pro-
gram to enhance the thinking and communication skills of prospective offi-
cers. Given the number of civilian programs already in existence purporting
to teach such skills, the first steps were to review *“he published research
on those programs which had been subjected to significant experimental test-
ing and to determine which seemed suitable or adaptable for Army use. This
report reviews the research on the program that has been subjected to the
most testing by far--the "instrumental enrichment” program developed by
Israeli psychologist Reuveu Feuerstein.

—

EDGAR M. JOHNSON
Technical Director
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EMPIRICAL STATUS OF FEUERSTEIN'S "INSTRUMENTAL ENRICHMENT™ AS A METHOD
OF TEACHING THINKING SKILLS

EXECUTIVE SUMMARY

Requirement:

To provide information to help decide whether Feuerstein's "Instru-
mental Enrichment” technique (or some variation of it) might be useful in
teaching leadership-relevant thinking skiils to prospective Army leaders.

Procedure:

This review examines reports of empirical research on Feuerstein's
"Instrumental Enrichment” ¢{FIE) technique and asks what can be concluded
from these reports with vespect to the following: (a) the nature and re-
liability of FIE effects and, for those effects that appear to be statis-
tically reliable, (b) the "amount” of FIE that appears tc be required in
order for these effects to appear. FIE research has been conducted in
Israel, Venezuela, Canada, and in a number of locations in the United
States; altogether some 35 reports of this research are examined. Some of
the reports are identified but ot discusced on the grounds, for example,
that the study was characterized by the authors of the report as a "pilot
study” or that the study used intervention procedures other than or in
addition to the srocedures ordinarily used in FIE programs.

Findings:

l. If one divides the studies that have beenr reviewed here into two
groups——-those that tend to show statistically reliable treatment effects
and those that tend not to--one finds studies in the first group usually
providing subjects with a greater dosags (in the form of instruments and
classroom hours) of FIE than studies in the second group. There appears

to have beeu no research on FIE dosage, and it is not clear just what dos-
age is required te produce what kinds of effects in what magnitude in what
kinds of subjects. Also, FIE seems not tc “"work”™ unless there is some yet-
undetermined minimum amount of training and subsequent support provided for
FIE instructors (presumably the amount would vary depending on various
individual-difference and situational factors) and some minimum number of
hours of student exposure to FIE instruction; but, while these minimums
have been speculated about, they have not--as indicated above--been studied
systematically. In any event, examination of the studies reviewed here
suggests that the following things cheracterize those studies that tend to
show experimental/comparison-group differences:

a. At least a week of FIE training for instructors prior to the first
year of FIE teaching--plus follow-up support during the vear--and additional
training prior to the second year (if there is one).
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3ﬁz‘ b. Generally BO hours or more of student exposure to FIE over a 1-
‘gw or 2-year period. (Feuerstein has said that 2 to 3 years are required,
e and several other investigators h-re suggested that 2 years constitute a
o minimur. )

0

0

‘4: c. FIE taught in conjunction with some subject matter of interest and
;Af importance to the subjects. Sometimes this was accomplished by having the
-.1# instructor of a 5-hour course devote, say, 2 days a week specifically to

S the course subject matter and 3 days a week to FIE (usually with a differ-
b ent Instructor teaching the FIE); and sometimes it was accomplished by se-
N lecting teachers who had their students for most or all of the school day

‘i: and having the teacher devote, say, one period each day to FIE.
o

a?; 2. For the most part, the effects observed in these studies have been ef-

fects on certain standard nonverbal measures of intelligence (e.g., PMA,
lvﬁ Lorge-Thorndike, Cattell, and Ravens)--tests that are largely measures of
B skill in processing figural and spatial information. A number of other
?ﬁs measures have been included in one or another of these studies (e.g., mea-

'ﬁf sures of self-concept, classroom behavior, impulsivity, academic achieve-
?:E ment, and course content); but effects with these measures have been either

~— absent, inconsistent, or difficult to interpret, and there have been few
ﬁ‘: demonstrations of effects in "real-life" (including academic) or simulated

L J real-life situations.
b0 . o .
ead 3. Statistically significant experimental/comparison-group differences
“n,‘ hav> been observed in a number of populations (in four countries, in groups

' from different social classes, in students classified as hearing-impaired,
o and in groups considered normal as well as groups considered culturally or
‘,§} educationally disadvantaged). It remains to be determined, however, whether
'ﬁﬁ, FLE can be counted 9u to produce treatment effects in all these groups and

}}j their associated subgroups. Variables such as age and presence or type of
(s handicap have not been investigated systematically; and, where studies have
i) used a group from a particular age or handicap, information has not been
. provided in enough detail to allow one to draw conclusions about the rele-

o vant populations. With respect to subject age, one can say only that--

: based on the studies covered in this review--FIE effects have been observed
I { almost entirely in individuals who were in primary or secondary school (and
:$J in the 12- to 18-year age range) at the time they were exposed to FIE. A

. few studies have used college or college-age subjects, but--with one excep-

2l tion that we know about--the intervention used in the studies has been

j& too weak to provide a satisfactory test. This exception, however--since it
'¢5 found significant experimental/comparison-group differences--suggests that

$f FIE may be able to produce effects with individuals who are beyond
{:{} adolescence.

e 4. It would be desirable for investigators routinely to collect data on

e the implementation's completeness--i.e., on both the nature and extent of
E;Q, the implementation that was provided (How many hours of FIE were given and
‘2§ which pages of which instruments were used?) and on the nature and extent
'*{ of the implementation that was "received” (as indicated, for example, by

the magnitude of mastery and near-term effects). Also, our understanding
g of FIE's ability to produce effects would be increased if investigators
&t A .

iy routinely controlled and/or provided informaticn concerning naturally

i
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occurring sources of experimental error (e.g., pretraining differences be-
tween instrurzors assigned to experimental and comparison groups).

5. There is enough evidence suggesting that FIE improves thinking skills
to encourage researchers to continue investigating it.

ix
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EMPIRICAL STATUS OF FEUERSTEIN'S "INSTRUMENTAL ENRICHMENT"
At A METHOD OF TEACHING THINKING SKILLS

Background and Purpose

In recent years a good deal of interest has been expressed councerning
the possibility of teaching thinking skills (Glaser, 1984; Detterman &
Sternberg, 1982; Furth, 1970; Lochhead & Clement, 1979; Walsh, 1984), and a
number of techniques purporting to teach such skills have been developed
(e.g., Bransford & Stein, 1984; Covington, Crutchful, Davies, & Olton,
1984; DeBono, 1975; Furth & Wachs, 1975; Hayes, 1981; Lipman, Sharp, &
Oscanyan, 1980; Nisbett & Ross, 1984, pp. 280-286; Vye & Bransford, 1981,
October; Whimbey & Lochhead, 1980. For a summary, see Nickerson, 1984,
May; Nickerson, Perkins, & Smith, 1985). In most cases, however, these
techniques have been subjected little, if at all, to empiricai testing by

- researchers other than the ones who originally developed the technique; aad
it is often difficult to assess the claims made in their behalf. An excep-
tion to this generalization (though the data reported thus far raise a
number of questions) is a technique developed by Retven Feuerstein and his
colleagues (Feuerstein, Rand, Hoffman, & Miller, 1980). This technique,
which is sometimes referred to as "Instrumental Enrichmeat” (IE) and some-
times as “Feuerstein Instrumental Enrichment” (FIE)l--ue have used the
latter term in this review--was developed for use with culturally disad-
vantaged, low-performing Israeli adolescents.? The technique (See Appendix
for a _summary of the underlying theory and a discnssion of its applica-
tion)3 has two ingredients: (a) a set of 14 (inc-easingly complex) paper-
ard-pencil exercises designed to help students identify basic principles of
thinking and to practice self-monitoring with respect to the use of these
principles and (b) a set of training procedures involving teacher-guided
"bridging” back and forth between the principles identified in the exer-
cises and various subject matters of interest.? Feuerstein and his col-

1Depending on whether one is referring to the technique as a technique (IE)
or to the technique as carried out using the particular set of materials
developed by Feuerstein (FIE). At the present time, however, the

distinction is largely academic since Feuerstein's materials seem to be the
only ones that have been used.

2Feuerstein et al (1980, p. 69) make the point that although the materials

were developed for use with adolescents, the principles are applicable to
all age groups.

3Co-parilonl of FIE with other techniques for teaching thinking skills can

be found in Bransford, Arbitman-Smith, Stern, and Vye (1985) and in
Sternberg (1985).

4Cnlpiono, Brown, and Ferrara (1982) suggest that . . . the actual
materials themselves may have less to do with the success of the program
than the training procedures” (p. 449). And Haywood et al (1982, August)
say " . . . it is possible that what works is a general mediitionmal
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leagues have reported that, in a 2-year field experiment, {ndividuals
exposed to FIE performed significantly better on a variety of intellectual
and behavior measures than a group of matched controls (Feuerstein, Rand,
Hoffman, Hoffman, & Miller, 1979; Rand, Tannenbaum, & Feuerstein, 1979);
and, on the measure examined, the superiority of the FIE subjects was ob-
servable several years after the experiment was over (Feuerstein, Miller,
Hoffman, Rand, Mintzker, & Jensen, 1981; Rand, Mintzker, Miller, Hoffman, &
Friedlander, 1981). In fact, according to these authors (Feuerstein et al,
1981; Rand et al, 1981), the difference between FIE and control scores was
found not simply to have been retained but actually to have {ncreased.

Reports suci as these are striking, to say the least; and--based pre-
sumably on these reports, the considerable intuitive appeal of the tech-
nique's underlying theory, and the fact that a number of individuals not
directly involved in this research have spoken favorably either of the
technique itself or of the technique’s seeming potential (Bruner [in Hall,
1982, January}; Campione, Brown, & Ferrara, 1982; Chance, 1982, October;
Glaser, 1982; Hobbs, 1980, April; Ste-aberg, 1983, February; Zlegler &
Berman, 1981)--a number of school administrators and other educators have
recommended adopting the technique for use in their school districts or
colleges. In view of this fact, and particularly ian view of the fact that
the Army has recently expressed interest in the technique (e.g., as a way
of enhancing leadership-relevant thinking skills in prospective officers -
see Russ-Eft et al., 1984; Twohig et al., 1985), it seems an appropriate
time to examine the relevant empirical research and to ask what this re-

search has shown with respect to the technique’s success in doing what {its
developers said it was capable of doing.

This review examines repurts of empirical research on FIE--journal ar-
ticles, doctoral dissertations, conference papers, and institutional re-
ports--and asks what can be concluded from these reports with resp.ct to
the following: (a) the nature and statistical significance of FIE effects
and, for those effects that are statistically significant, (b) the "amount"
of FIE that appears to be required i{n order for these effects to appear.
Before proceeding further, however, it may be useful to indicate just how
the documents reviewed here were selected, what kinds of reports are not
fncluded in tb: review, and (to assist the reader in assessing the rele-

teaching style rather than mainly the curriculum and its paper-and-pencil
exercises themselves.” (p.l4).

5According to Frances Link (personal communication, 8 September 1984),
whose organization (Curriculum Development Asscclates) provides training
and materials for FIE instrugtors, FIE is curreatly being used in some
500-800 school districts in 40 states in the United States, as well as in
five colleges, and {n 15 local education authorities in the United Kingdon.
Reuven Feuerstein (cited in Cordes, 1984), whose crganization
(Hadassah-Wizo Canada Research Institute) also provides FIE training and

wmaterials, says that about 30,000 of Israel’s 500,000 students are enrolled
in programs {avolving FIE.
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vance of negative findings) what coanditions the developers of FIE belleve
are required for adequate Implementation. In addition, it may be useful
(agaln, to assist the reader in interpreting the reported findings) to say
a word about an {ssue that {s raised (though only implicitly) by most of
the studles reviewed here--viz., the issue of what exactly one wants an FIE
intervention to show.

Source of documents reviewed. We began by searching Science Citation
Index and Dissertation Abstracts International, through December 1984, for
publications that cited Feuerstein's major publication on FIE (Feuerstein
et al, 1980). We also examined recent copies of American Psychological As-
socfation (APA) and American Educationzl Research Association (AERA) con-
ventlon programs {n search of conference papers reporting FIE research.
Finally, we obtained copies of reports cited {an these sources as well as
reports we learned of from {ndividuals to whom we had sent the first draft
of this paper for comment.

Some exclusions. As indicated above, not all the reports we cbtained
or heard about are discussed {n this review. We have not discussed reports
(a) where the study was characterized by the Lnvestigators as a pilot
(Kieta, Pfohl, and Redfield, 1982, March; Martin, 1984a, 1984b, 1985;
Messerer, Hunt, Myers, and Lerner, 1984; Russ-Eft, McLaughlin, Oxford-Car-
penter, Harman, Zimutis, & Baker, 1984; the first study reported i{n Haywood
and Arbitman-Smith, 1981), (b) where the intervention was not yet complete
(Royer and Swift, 1984, August; Rosine Debray, personal communicatfon,

1 February 1985; Mogens Jensen, personal communicat{on, 15 January 1985),
(c) where the study (in most cases a pilot) did not {nclude a comparison
group (e.g., Jackson, 1984;° Redfield, Kieta, Pfohl, & O'Connor, 1983,
March), (d) where the study used i(ntervention procedures other than or In
addition to the procedures ordinarily used {n FIE programs (Beasley, 1984;
Jackson, 1984; Waksman, Silverman, & Messner, 1982 [summarized {n Waksman,
Silverman, & Messner, 1984)), and (e) where the purpose of the study was to
finvestigate effects of FIE on the instructors who were using {t rather than
on the students who were being taught (Kersh & Cerke, 1984, April; Martin,
1984, November). This last topic is an important one, as Feuerstein et al
(1980) have pointed out, but to date thecre has been very little research on
it.

Cond{tions required for {mplementation. The developers of FIE
(Feuerstein et al, 1980), as well as others who have been assocfated with
them {n this research (e.g., Arblitman- Smith, Haywood, & Bransford, 1984;
Michael Begab, personal communication, 18 December 1984; Hobbs, 1980,
April; Link, personal communication, 7 January 1985; Abranam Tannenbaum,
personal communicatifon, 4 Jaguary 1985), have pointed out that certain
minimum cond{tions must be provided as part of the FIE implementation be-
fore effects of any real significance can be expected. There apparently
The fnterventfon used la the study by Jackson (1981), which reports a
reanalysis of data obtained from the Atlanta public school system, {5 the
only one we have found that used all 14 of the avallable {nstruments.
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has not been much research foecusing systematically oa these conditions
(e.g., on the "amount” of FIE required to produce an effect of specified
magnitude in a specified population); but there appears to be a good deal
of agreement that researchers should pay particular attention to certain
things and that among them are the following: (a) preliminary and subse-
quent training of FIE instructors in the theory and method of FIE, as well
as follow-up supervision and consultatfon while the fantervention is being
carried out; (b) the "dosage” of FIE given to the studeants, meaning mainly
the number of (increasingly complex) FIE fnstruments gone through but with
implications for the number of bLours devoted tv the implementation as a
whole; and (c) the integration of FIE and regular subject matter instruc-
tion, which in wmost cases means haviung FIE taught by fndividuals who are
involved in regular classroom instruction rather than by someone who comes
in just for the FIE. [u Feuerstein's original study (See Feuerstein et al,
1980, pp. 325-410), FILE instructors participated in a l0-day workshop be-
fore the start of the program and in a second (l12-day) workshop before the
start of the second year. In addition, throughout the two-year period FIE
instructors were supervised in their work and given opportunities for con-
sultatfon. With respect to "dosage,” students in the experimemtal classes
recelved 3-5 hours of FIE a week for the two years; and during this period
they were exposed to 13 of the 14 available FIE instruments. With respect
to lostructional integration, FIE was taught by individuals who had the
students for other subjects as well. Arbitman-Smith, Haywood, and
Bransford (1984) have said that FIE i{s "designed to be taught 300 to 350
hours for a period of 2-3 years™ (p. 467) and that, in order to realize
significant gains, "necessary. . . iovestment may be in the range of 75-100
hours fn an academic year" (Haywood et al, 1982, August, p. 13). Fraaces
Link (personal communication, 3 May 1985) has said that what is desired is
to go through all 14 of the available instruments and that, depending on
the abilities of the students,7 doing this can take from 1-3 years.

‘gransford (personal communicatlon, January 1985) has made the point that “.

the question of who {s being taught and tested is extremely lmportant.
IL undoubtedly interacts with the number of hours of iastruction needed and
perhaps even with what it means to ‘'deliver effective instructioa.'" More
generally, FIE researchers seem to be saying (a) that FIE is designed to
provide a particular thing for those individuals whose prior experience has
been deficient in it--what Feuerstein and his colleagues call "mediated
learcing experience” (For a discussion, see Bransford et al, 1985, pp.
181-185; Feuerstein et al, }980, pp. 13-70; Passow, 1980, May)--and (b)
that to the extent that particular individuals do not have the deficiences
addressed in FlE, they wouid not be expected to show improvement after
exposure to the program. In addition, Haywood et al (1982, August, p. 1l4)
suggest that it may be useful to spread out the program tor very slow-
learning students, giving many hours of fnstruction on a fev pages and
exercises and taking longer to cover the whole program.
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b The issue of what an FIE intervention should show. FIE is primarily

o designed to improve cognitive pertormance; and, in view of the fact that

gk' there already exist a number of standardized measures of such performance--

ﬁb many with satisfactory reliabilities--it would seem entirely appropriate to

&. employ such measures as part of an effort to evaluate the effectiveness of

%}' FILE. And, in fact, most evaluations of FIE have used one or more such

A measures (e.g., Thurstone's test of Primary Mental Abilitfes). Most users

X (or potential users) of the FIE program, however, will probably want to see

: more general traasfer-of-training effects. They will want, for example, to
see improved performance in academic areas and in other “real life" situa-

'L* tions. Given the difficulties in designing and interpreting measures of

L such effects,” however, researchers have usually opted for standardized
paper-and-pencil tests (sometimes supplemented with other measures that

& sought to provide at least tentative evidence of wider transfer-of-training

’?w effects) and have used the results of these tests to judge whether or not

b FIE had had an effect. With respect to the issue of what one waats or

)2 expects an FIE interveantion to show, clearly one would like to see some-

‘¢ thing more than "simply" a set of comparisons on paper-and-pencil measures

;ﬁ of general intelligence. As to whether the results of such comparisons are

viewed as providing evidence about the effectiveness of FIE, however, we
leave it to the reader to judge.

e
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8Sternberg (1984) nas argued that standard paper-and-pencil intelligence

b tests can be good predictors of general cognitive performance, although
t} these are not the only types of tests he would recommend.

W

-: 9In the case of academic performance, for example, measures ace usually

%‘ available or can be constructed, but performance on the measures 1Is usually
H dependent on acquired knowledge as well as cognitive skills. Ino the case

. of success In "real life"” pursuits, the necessary data often require a

‘#; long-term loagitudinal research effort; and while follow-up measures of

TN behavior in "real-life"” tasks have been developed, their reliabilities are
3 seldom known. (An exception in the present set of studies is the classroonm
L

participation scale developed by Abraham Tannenbaum--see below.) Such
o problems, however, are not peculiar to evaluatfons of FIE and indeed plague
:\ all research in the area of cognitive skill training.
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REVIEW OF FIE RESEARCH

The Israel Stundies

The first study, which was conducted in Israel in the early 1970s
(Feuerstein et al, 1979; Rand ec al, 1979)10 was a two-year field experiment
using what Cook and Campbell (1979) call an "untreated control group design
with pretest and posttest.” In this design, subjects--in the present {n-
stance, groups of subjects--are assigned on a basis other than random to
experimental and control conditions, are given a pretest, and then (after
an experimental intervention) are given a posttest. Analysis of treatment
effects uses either (as here) a covarilance design or (as in some of the
other studles discussad) a repeated-measure design, with "time of testing”
being included in the design as an independent variable.

The experiment was carried out at two remedial/vocational education
centers--one a residential center, the other a day school--that the Israell
government had established to provide special education for adolescents
who, because of their special histories as well as their scores on various
socloeconomic and ability measures (cf. Feuerstein et al, 1980; Peleg &
Adler, 1977), had been characterized as “culturally disadvantaged."l At
each center two groups of classes were identified. One group (consisting
of the experimental classes) was to receive approximately 45 minutes of FIE
3-5 days a week for two years (estimated total of 200-300 hours) as an
adjunct to “the usual Aliyah curriculum,” which the investigators refer to
as "general eanrichment” (GE). The other group (consisting of the control
classes) was to receive only the GE. 2 During the first year of the experi-
ment, the total number of FIE classes was 18 (7 at the residential center
and 11 at the day school); and during the second year, the number was 10 (4
at the resldential center and 6 at the day schuol).l At one time or an-
other during the two years of the experiment, some 515 students ages 12-15
were eunrolled in these four (two FIE and two GE) groups; but--because there
wvere some students who entered these groups after the experiment had
started and because there were some who left before it was over--only 218

107 cse two articles report the same study. The main difference between them
is that one of the articles (Feuerstein et al, 1979) includes data from
after-only as well as from the pretest-posttest mecasures, while the other
article (Rand et al, 1979) includes only the lacter. This study--including
the after-only data--is also reported in Feuerstein et al, 1980, Chapter

10.

lchucrstcin et al (1930) distinguish this condition and its associated
problems from the condfition and associated problems of being “culturally
differcat™ (p. 13f).

121 ¢ is not clear from the reports of this study just what procedure was
used in designating these groups as “experimental”™ and “control®.

31he correspondiny as for the control group are not reported.
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of thiastudents (114 FIE and 104 GE) were present for the full 2-year pe-
riod. From this set of 218 students, which Feuerstein et al (1980) refer

to as the “"population,” the investigators selected 114 (57 matched pairs)
to serve as the sample for the study; and it is the data from these 114
that were analyzed and reported in this first study.1

The amount of training and supervision given to the FIE Iinstructors
appears to have been considerable. According to the investigators (cf.
Feuerstein et al, 1980), these instructors took part in one (10-day) work-
shop during the first year and another (l2-day) workshop during the secoand
year; and, in additfon, they were visited regularly for consultation and
supervision throughout the two years of the experiment. The fastructors
taught their students both in the FIE classes and in other (academic sub-
ject matter) classes as well; and in most classes the Instructor got
through 13 of the 14 available instruments.

Data were analyzed by means of a treatment (FIE vs GE) x location
(residential vs day school) analysis of covariance; but since the residen-
tial-noaresidential variable produced almost no effects, it will not be
considered further in the present revieu.1 For those measures that were
administered both pretest and posttest (Thurstone Primary Mental Abilities
Test, Project Achievement Battery, two classroom participation scales, and
the 3-factor Levidal Self-Concept Scale), the pretest score was used as the
covariate; and for those measures that were administered only as a posttest
(Witkin Embedded Figures Test, Human Figure Drawing Test, Kuhlmann-Finch
Postures Test, Lahy Test, and the D-48 Test), the subject's pretest score
on Thurstone's PMA (sometimes combined with another measure) was used as
the covariate. Reliability coefficients are not reported, but the authors
say (Feuerstein et al, 1979, p. 544) that the measures "yielded satisfac-
tory reliability coefficients that are reported elsewhere (see Feuerstein &
Rand, Note 2)."

141he reports do not provide data on drop-out rates from the original ex-
perimental and control groups.

150t each of the two facilities, pairs of students were identified--one
student from the experimental group and one form the control group--who
were alfke in sex, ethnicity, and pretest score on Thurstone's Primary
Mental Abilities (PM..; Test.

16On the Terman Test there was, in addition to a treatment main effect, an
interaction (ndicating that the treatment varfable made more of a differ-
ence at the residential center than at the day school. On the Reading
Comprehension subtest of the PMA there was also an interaction (though no
main effect), but the pattern for that interaction is not described. Fi-
nally, a subscale from one of the two classroom {nteraction scales (the one
that showed no main effects of FIE-sce text) showed an interaction; but

this ifateraction {s not described e{ther.
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With respect to the pretest-posttest data, analysis of covariance
showed that the FIE group had higher scores than the GE group on the PMA,
both on the total score (approximately 173 vs approximately 164)17 and on
each of the eight subtest scores; and the difference is statistically sig-
nificant {n the case of the total score and three of the subtest scores
("Numbers,” "Additloa,™ and "Spatial Relations™). On the Project Achieve-
ment Battery, a set of specially-prepared measures of scholastic achieve-
ment in eifght areas, FIE subjects scored higher than GE subjects in six of
the eight areas; but only one of the measures (Bible) was statistically
significant.*® On the two sets of classroom interactioa scales (Tanneabaum
& Levine, 1968), the data were mixed: 1In one set, FIE students scored
higher than GE students oa all three subscales (significantly higher on two
of them); bgt in the other set, the two groups did not differ on any of the
subscales.l Finally, on the Levidal Self-Concept scale, there were no
significaant differences between the two groups on any of the three factors
(fallure at school, motivation for learning, and confidence ia personal
success).

With respect to the posttest~only data, the analysis of covariance (PMA
pretest as covariate) showed that on two measures of general intellectual
ability (Terman noaverbal IQ and the D-48, which is a nonverbal analogies
test) FIE subjects scored significantly higher than GE subjects, while on
the third measure (Porteus Maze Test) there was no significant difference
between the two groups. On the measures of specific abilities (Embedded
Figures Test, which is viewed as a measure of perceptual discrimination;
Human Figure Drawing Test, which is viewed as a measure of psychological
differentiation; Postures Test, which is viewed as a measure of spatial
orientation; and the Lahy Test, which is viewed as a measure of rapidity-
precision), FIE subjects performed significantly better than GE subjects in
alnost every instance.

Approximately two years after the conclusion of the study2 Feuerstein
and his colleagues (Feuerstein et al, 1981; Rand et al, 1981) 0 analyzed
some test scores that the Armmy provided them for 184 individuals from
17The reports by Feuerstein et al (1979) and Rand et al (1979) give
slightly different figures for two of the PMA subtests aad the total.

18The authors make the point that, although the FIE subjects did not per-
form any better than the GE subjects on the Project Achievement Battery,
they performed jusi as well and did so in spite of the fact that they had
recelved some 300 fewer hours of academ!lc instruction (the hours devoted to
FIE) than the GE subjects had received (cf Feuerstein et al, 1980, p. 369).

19According to Abraham Tannenbaum (personal communicatioun, &4 January 1985),
one of the scales (the one that showed reliable treatment effects) has an
estimated reliability of .90 while the other (the one that did not show
reliable effects) has an estimated reliability of .79.

207hys study, like the previous one, was reported twice.

(-3

L9

e R e T A S SRR
LR RIS R, G eRG I N1, G USRS AR YRR AR AR SRR



b

R |

- the original population who now were in the Army.Zl One of the tests for

ot vhich scores were provided was the Dapar, which the authors describe as a
b 2-part instrument consisting of "(l) a verbal intelligence test similar to
o the. . . Army Algha Test and (2) a figural intelligence test similar to the

Raven's Matrices Test” (Rand et al, 1981, p. 143). 2 Using subjects' scores

on the Dapar as a dependert measure, the authors performed a series of
three analyses,

~ae

In the first analysis the subject's PMA pretest score was used as a
covariate, and the fnvestigators performed a covariance analysis on the
Dapar test scores and found that those who had been in the FIE group scored
Y significantly higher (about two-thirds of a standard dev%gtion higher, on
h the average) than the ones who had been in the GE group.

£

23

L3
.3& In the second analysis the investigators cast the total group into a
; 2x2x2 matrix according to (a) waether subjects had been through FIE or GE,
[ (b) whether their pretest PMA scores were above or below the median for the
fb. group as a whole, and (c) whether their Army Dapar scores were above or

- below the Armywide mean (which was also the cutoff point for selecting

=4 individuals to become officers). A chi square analysis of the cell fre-
ﬁg quencies indicated that significantly more experimentals than controls were
[ f in the top half of the Dapar distribution, and this was the case both for
'}ﬁ those who were in the top half of the (PMA) pretest distribution and for

', those who were fn the bottom half.Z5

; 21The authors do not say how many of the 144 (57 matched pairs) who pro-
¢ vided the data for the original study are included in the 184.

22The authors do uot report separate scores for the veroal and nonverbal
9 parts of the Dapar.

'{2 230ne of the reports of this study (Rand et al, 1981) presents data from
k: three other measures that were administered by the Army, while the other
s report (Feuerstein et al, 1981) does not. We have chosen not to discuss
ﬁ% these other data ou the grounds (a) that their relevance {s not entirely
clear and (b) that the measures used in collacting these data do not seem

-t to have been entirely objective.

-+

-
v 2[‘Spll.tti.ng scores into those that were above and below the Armywide mean
:} put 93 in the top group and 91 in the bottom group.

e

3 250f the GE students who were in the top group on the PMA pretest (n=58),
T approximately 57Z were in the top group on the Dapar also; but of the FIE
' students who were in the top group on the pretest (n=34), some 88% were

2: also in the top group on the Dapar. Of the GE students who were in the

it bottom group on the PMA pretest (n=31), approximately 872 were in the bot-

i) tom group on the Dapar also; but of the FIE students who were in the bottom

group on the pretest ¢ 51), only 54% were in the bottom group on the Dapar

b also.
¢
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In the third analysis the authors sought evidence on what they termed
the "divergent effects hypothesis,” the hypothesis that FIE effects do not
only not disappear but actually increase over time. The authors sought to
test this hypothesis using a procedure that unfortunately is described in
only one or two sentences. Apparently, however, the procedure involved
identifying individuals (n=163) for whom scores were available for all four
test periods (pretest [PMA], first-year posttest [PMA], second-year post-
test {PMA], and follow-up [Dapar]), standardizing subjects' scores on PMA
and on Dapar, computing difference scores at each of the four time periods,
and performing a trend analysis on these differences.2® The result of this
analysis, which the authors report in a single sentence, was that “The
obtained linear function was confirmed by trend analysis, which yielded a
highly significant (p<.000) linear trend and no significant quadratic
trend .” (Feuerstein et al, 1981).2

This study is interesting--particularly in its use of nonverbal meas-
ures of intellectual abilities, its effort to measure overt behavior in a
nontest situation, and its effort to follow-up subjects some two years
after the intervention had ended. The results of the study, however, lend
themselves to more than one interpretation. Examination of experimental/
control-group differences show that these differences tend to be larger and
more clear-cut on those measures (e.g., the PMA subtest on spatial rela-
tions, the D-48, and the Embedded Figures Test) that are most similar in
content to the FIE materials used in the intervention; and one must ask
(particularly with regard to the measures of intellectual ability) whether
the study produced anything more than near-transfer or "practice effects”
(cf. Anastasi, 1981; Messick & Jungebluct, 198l)--i.e., whether the real
effect of the intervention was simply to improve subjects’ ability to solve
problems of the type found on tests such as those used in the sr.udy.28 The
study did include measures of behavior in a nontest situation (classroom
participation scales); but these measures were apparently not indepeandent,
and if this is rhe case they caanot be viewed as providing evidence con-
cerning behavioral effects of FIE. The follow-up data are consistert with
the idea that FIE effects (however they are interpreted) are lasting, but
the fact that pretest and posttest data were obtained with differeant in-
struments introduces at least a degree of uncertainty. There are also the
more general questions of what one does about the increased probability of
Type~1 error when multiple F tests are performed (we counted over 100 in
the present study) and whether observed experimental/control-group differ-
ences--even where statistically reliable--are large enough to warrant sci-
2650me things about the analysis are not clear. For example the authors
imply that these difference scores were obtained from matched pairs of sub-
jects but do not explaia why,the N used in the analysis is an odd number.

27The corresponding statement {n the other report of this study (Rand et
al, 1981) is similar.

285 similac concern is expressed by Bransford et al (1985) and by Campione,
Brown, and Ferrara (1982).
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entific or educational attentlon (cf Bradley, 1983). Finally, there is the
question of how one should interpret the study's faflure to find statisti-
cally significant effects on measures (e.g., the majority of the PMA
subtests and the thrce self-concept measures) that one would have expected
to show such effects. In the case of the self-concept measures, for exam-
ple, the authors have elsewhere said (Feuerstein & Jensen, 1980, May) that
one of the program's subgoals “consists in changing drastically the stu-
dent's perception of himself or herself from a passive recipient of infor-
mation to an active producer, creator, and generator of new information.
This as probably the central goal of our program..." (p. 1429)29

What then can be said about the results of these two (initial and fol-
low-up) studies? Taken together, the reports of these studies are striking
and suggest the possibility (at least with culturally disadvantaged stu-
dents) that FIE {s capable of producing some lasting improvement in the
ability of some students to do well on at least some measures of Intellec-
tual ability. As indicated above, however, such things as the seeming
relationship between FIE-material/dependent-measure-material similarity and
the magnitude or statistical significance of treatment effects--plus the
absence of some effects one would have expected to find--indicate that
these results can be interpreted in more than one way.

The Venezuela Studies30

In a replication of the original Feuerstein study (Feuerstein et al,
1979; Rand et al, 1979), Ruiz and Castaneda (1983) administered FIE to a
sample of Venezuelan children, ages 10-14, over the two-year period
1980-82. From the population of public and private schools ic the city of
Guayana the investigators randomly selected 12 schools--six considered high
SES and six ccansidered low--and in each group randomly assigned the schools
t. experimental and control conditions. Some of the schools had more than
one class at the desired (fifth grade) level, and in each of the four
(FIE/control x low/ high-SES) cells there were three schools/four classes.
Iastructors for the eight FIE classes (one instructor for each class) were
given special training; and over the following two years these instructors
devoted one hour each day five days a week to FIE, making a total of about
275 hours (11 FIE instruments) altogether. Except for this daily one hour
of FIE, experimental and control classes were exposed to the same (stan-
dard) fifth-grade (and, later, sixth-grade) curriculum.

2There are also the more general questions of how one interprets data
statistically when there has been no random assignment (in the case of many
of the measures used, no pretest efther) und how one deals with the absence
of data on experimental attrition and on the psychometric properties, in
the subject population, of the measures used. These latter questions,
however, could be asked of most of the studies discussed in this review.

305ome of the information presented here was provided by Ruiz {n personal
conmmunications, 19 April 1985 and 28 May 1985.
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Subjects were tested and (two years later) posttested on (a) the
Cattell-2 intelligence test ({- the subject population, reliability esti-
mates for the total test range from .82 to .87), (b) the BARA test {a com-
bined language and math achievement test which in the subject population
has reliability estimates of .70 and .80 for the language and math subtests
and .85 for the total), (c) a three-factor (personal, social, intellectual)
self-concept inventory (overall reliability estimated for the subject popu-
lation is .91), and (d) a three-factor (adaptiveness to work demands,
self-sufficiency, and interpersonal conduct) ciassroom-participation scale3!
filled out on the students by their teachers and by visiting supervisors
(total test reliability estimate in the subject population is .91). In
addition, the authors constructed an index of socloeconomic status (SES);
and, based on responses to the items making up the index, subjects were
classified as high-vs-low in SES. At the end of the two-year period the
investigators, separately within each SES category, selected pairs of stu-
dents--one from an experimental class and one from a control class--who
were similar in age, sex, SES, and pretest score on the Cattell-2 test.

The result of this pairing was that there were 170 pairs in the high-SES
group and 148 pairs in the low-SES group, making a total of 636 subjects
altogether. Date were analyzed by amalysis of covariance, with Cattell-2
nretest scores (and age) being used to adjust dependent-measure scores on
the Cattell-2 and BARA tests, with self-concept pretest scores being used
to adjust dependent-measure scores on the self-comcept inventory, and with
classroom-participation pretest scores being used to adjust dependent-meas-
ure scores on the classroom-participation scales. The covariance analyses
indicated that FIE subjects scored significantly higher than controls on
the Cattell-2, the BARA, and the classroom-participation measures. FIE
subjects also scored higher thamn coantrols ou the combined three-factor
self-concept measure; but no one of these factors, by itself, showed a
significant treatmeant or interaction effect. In the case of the BARA test
there was an interaction indicating that the treatment effect was clearer
in the high-SES than in the low-SES group, and the simple effect for the
low-SES group was not siganificant. And on each of the three classroom-
participation factors there was an interaction indicating that the treat-
ment effect was clearer in the low-SES than in the high-SES condition, but
here the simple effect was significant in both SES groups.

In 1983 and again i{n 1984--one and two years after the end of the {n-
tervantion--the investigators collected follow-up data on those of their
o original 636 subjects who were still available (Ruiz, 1985a). These sub-
s jects (234 ia 1983 and 180 in 1984) were given the Cattell-2 test, the
Lorge-Thorndike test of general intelligence (non-verbal, level 4), and the
D-48 (described as a non-verbal test of ability to conceptualize and apply
systematic reasouing to new problems). As indicated abuve, the Cattell-2
is a non-verbal test of general intelligence and is generally viewed as

31This was a coabined adaptation of the two classroom participation scales

that were used in the Israel study. According to Ruiz (personal communfca-

tion, 28 May 1985), the median inter-rater agreement across several measur-
ing situations was .79.
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having satisfactory reillability estimates. The Lorge-Thorndike, level 4,
consists of three subtests: flgure classification, number series, and
figure analogies. Rellability estimates in the subject population raage
from .77 to .92, and {ts correlation with other futelligence tests ranges
from .79 to .81. The D-48 has reliability estimates ranging from .85 to

.91.

In 1984, the investigators selected from those former subjects who were
still available (separately within each SES group) pairs of subjects--one
who had been in one of the experimental classes and one who had been in one

of the control classes--who were similar in age, sex, and score on
Cattell-2 (total N=114). These 114 (57 pairs) were the subjects who pro-
vided data for the three analyses that made up the second-year follow-up

s tudy.

First analysis. A covariance analysis was performed on the second-year
follow-up scores on the Lorge-Thorndike and the D-48, with Cattell-2 pre-
test score (and age) used as a covarifate. The results indicated signifi-
cant treatmeat effects on the Cattell-2 and the Lorge-Thorundike but not on
the D-48; and while there was a main effect of SES on all three variables,
there were no treatment x SES interactioans.

Second analysis. Following the general procedure used by Feuerstein
(Feuerstein et al, 1981; Rand et al, 1981), the i{nvestigators classified
their 57 (matched) pairs as high-vs-low on the Catteli-2 pretest (using the
mean as the cutting polint) and, within each group, classified individual
subjects as high-vs-low on the Lorge-Thorndike follow-up measure (again
using the mean as the cutting point). As in the Israel follow-up study
(Feuerstein et al, 1981; Rand et al, 1981), a chi square analysis of the
cell frequencies indicated that significantly more of the experimentals
than controls were in the top half of the follow-up distribution, and this
was the case both for those who were high on pretest scores and for those
who were low.

Third analysis. To provide evidence on the divergent effects hypothe-
sis the authors did the following: (a) identified subjects' scores from
four testing periods (Cattell-2A pretest, Cattell-2B posttest, Lorge-
Thorndike first-year follow-up, and Lorge-Thorndike second-year follow-up),
(b) converted to z-scores the raw scores obtained on each of these tests,
(c) computed an FIE-minus-control difference score for ecach of the matched
pairs at each of the four test perlods, and (d) performed a tread analysis.

320f¢ the contrel subjects who were in the top group on the pretest (n=25),
44% were in the top group on the follow-up measures also; but of the FIE
subjects who were in the top group on the pretest (n=25), 80%Z were fn the
top group on the follow-up. Of the control subjecfg who were in the bottom
group on the pretest (n=32), 69%Z were in the bottom group on the follow-up
measure also; but of the FIE subjects who were in the bottom group ou the
pretest (n=32), 34%Z were in the bottom group on the follow-up.
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The authors report the results of this analysis (the relevant descriptive
statistics are not presented) by saying that the linear component {s sta-
tistically significant ("p<.000") but the quadratic coamponent is not.

In 1982 FIE was administered to a sample of post-secoadary-school stu-
dents who were eanrolled in remedial math and language courses at the
Guayana Technical Institute and who had an average IQ of about 85 (Ruiz,
1985b). These students (u 86) were randomly assigned to experimental (FIE)
and control (non-FIE) classes (ome class in each case), with the experimen-
tal group receiving an hour of FIE each day duriang the l7-week semester

(about 85 hours total). FIE was taught by three specially-trained ianstruc-
tors (not the regular classroom teachers) who had takean part in an earlier
study (Ruiz & Castaneda, 1983). These ifanstructors rotated in the teaching
of the FIE classes, with each instructor being used every third day. Nine
of the 14 FIE instrumeats were used, the nine being grouped into blocks af
three, and each day the lastructor used a page from each of the fanstruments
in a given block. The blocks were rotated throughout the semester, tre
sequeance being blocks 1, 2, 3, 1, etc. The rest of the time (i.e., thc
time not devoted to FIE teaching) was speat in regular remedial classes.
Subjects were pretested and posttested on the Cattell-. test of geaeral
intelligence; and posttest scores were subjected to aan analysis of cova-
riance, with pretest scores serving as the covariate. Experimental sub-
jects scored significantly higher than coatrols.

The Venezuela studies are similar in maay respects to those conductad
in Israel (Feuerstein et al, 1979; Feuerstein et al 1981; Rand et al, 1979;
Rand et al, 1981). There are, however, some jimportant differences. First,
the study was conducted in a different country with a differeat culture and
traditions. Secoand, although the basic replication was conducted with stu-
dents approximately the same age as the students who got the FIE interven-
tion in the Israel studies ({.e., approximately 12-15), one of the
Venezuela studies was conducted with post-secondary-school students and
thus provides some evidence abnut possible effects in a somewhat older
group. Third, with respect to the basic replication, the subjects used ia
the Israel studies came from a culturaily disadvantaged population while
the subjects used in the Venezuela studies (or, rather, the schools attend-
ed by these subjects) were selected randomly from the total set of schools
in the city. As for the results of the Venezuela studies, they are gener-
ally consistent with those found earlier in the Israel studies. FIE :
trol differences were again found on a non-verbal (though different)
measure of general intelligeance; and, on two of the three follow-up meas-
ures of intelligence, group differences were observable some two years
after the end of the fntervention. And, as before, the authors report that
a trend analysis shows differences that do aot simply not disappear over
the four-year period but actually get larger. The Venezuela study found a
fairly clear effect on the achifevener - test while the Israel study did not,
but chere are some possibly important d fferences between the tests used in
the tvo studies. The Israel study used ‘hat might be referred to as an
“omnibus™ achievement test (general knowledge, Bible, geometry, reading,
arithmetic, etc.) whereas the Venezuela study used a test consisting of
only two (math and language) subtests. Finally, the Veaczuelan adaptation
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of the classroom participation scale used in the Israel study found clear
and consistent eff-cts favoring the FLE group. Again, however, this meas-
ure appears not to have been independent and cannot for that reason be
viewed as providing evidence regarding FIE. Taken as a whole, the results
of the Venezuela studies (like the results of the Israel studies) are
striking and suggest the possibility that FIE can produce lasting improve-
ment in some students' ability to do well on at least some unonverbal meas-
ures of Intelligence. As indicated above, however, these results can be
interpreted in more than one way.

Studies from the Nashville Center

A programmatic effort consisting mainly of several one-year studies33

(plus a pilot study and several studies investigating the locus of cogni-
tive change, which we have not discussed here) was curried out by a group
of fadividuais assoclated with the John F. Kennedy Center of Vanderbilt
University. Data were collected in classes of various sorts in Nashville,
Louisville, and Phoenix, although in most cases data from two or more stud-
ies are presented in a single report. The reports of these studies
(Arbitman-Smith, 1980; Arbitman-Smith, Haywood, & Bransford, 1984; Haywood
& Arbitman-Smith, 1981; Haywood, Arbitman-Smith, Braansford, Delclos,
Towery, Hannel, & Hannel, 1982, August) vary in their completeness; and
none of th2se reports provide all the information needed for full uander-
standing.ja Essentially, however, the studies were carried out on students,
33According to the investigators, several of these (one-year) studies were
intended to be simply the first year of a two-year study. The ifovestiga-
tors write: “Unfortunmately for us, the Nashville public school system has
been undergoing some upheaval, and it has been extremely difficult to con-
tinue classes intact for the second year of IE; therefore, we have repeated
the first year with a succession of different groups and have very few data
on the two-year program” (Haywood et al, 1982). It should be noted also
that these investigators conducted a number of smaller studies (cf.
Arbitman-Smith et al, 1984; Haywood et al, 1982, August) seeking to assess
FIE recipients' mastery of the materials and procedures they had been
‘taught as well as their ability to apply these principles to everyday prob-
lems and tasks. In one study (Haywood et al, 1982, August, pp. 17-18), for
example, EHR students were given either no FIE (n=10), ten hours of FIE
(n=10), or 67 hours of FIE (n=10), and then givea a behavioral measure of
task persistence. Examination of the resulting data indicated that the
67-hour group persisted longer and worked more efffciently than the 10-hour
group, which in turn persisted longer and worked more efficiently than the
no-FIE group, and that the set of di{fferences was statistically signifi-
cant. Studies like these are valuable, although interpretation is diffi-
cult because of the absence of information about how the three groups were
formed and whether the overall tread and/or the {ndividual contrasts are
significant.
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341t is not always clear in particular studies, for example, how many of
the FLE instruments were used, how many subjects were lnvolved, which de-
pendent variables were measured, how large an effect a glveo difference
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ages 11-15, whose mean educational achievement was 2-7 years below what

would be expected for students of their age. The design, which included
type of disability as a classification variable, appears in the main to

have been what Cook and Camphell (1?79) call an “"untreated control group
d- igo with pretest and pos:test."3

FIE instructors at the three sites were all given about the same amount
of training (80-plus hours before the start of the school year as well as
follow-up supervision and consultation). In certain respects, however, the
studies conducted in Phoenix were different from those conducted in
Nashville and in Louisville. In the first place, in Phoenix the FIE
classes were taught by regular classroom teachers who during the rest of
the day taught the students in other classes also, while in Nashville the
practice was to use “"itinerant"” FIE teachers, who in most cases had the
students only for FIE (It i{s not entirely clear which of these practices
was followed in the Louisville studies.) In the secoand place, at the
schools in the Nashville Study, the investigators said they were unable to
get much more than 50 hours of FIE, "while in the other sites, especially
in Phoenix, a minimum of 80 hours--and of ten many more--has been the rule”
(Haywood et al, 1982, p. 21). In the third place, the subjects in Phoe-
aix--most of whom were children of Mexican-American migrant farm workers--
“most closely resembled the Israeli immigrant porulation cn which Iastru-
mental Enrichment was developed and originally tested"” (Haywood &
Arbitman-Smith, p.132).36 Since these differences were thought by the in-

represeants, or what the effects were (if any) of experimental attrition.
Also--although "type of disability” was usually included in the design as a
independent variable--data are not provided on the statistical reliabil-
ity-unreliability of treatment x vvpe-of-disability interactioas.

351a designs of this type a main effect of treatment appears as a 2-way
(treatment x time-of-testing) interaction, whereas in designs of the type
used in the Israel studies it appears simply as a main effect. As noted
above, however, many of the Nashville studies included a subject variable--
type of disability--in addition to the treatment and time of testing. At
the Nashville siic the experiment was coaducted with four expecimental and
control subgroups (educable mentally retarded, learning disabled, varyiog
exceptionalities, and behavior disordered), and at the Phoenix site it was
conducted with one experimental and two coantrol groups (control-tutored and
control-nontutored). At one of the schools used in one of the Nashville
studies, students were assigned to FIE and control groups by means of a
systematic procedure (See Arbitman-Smith § Haywood, 1980, p. 58), although
in most cases this was apparently not the case.

36There was apparently a fourth difference--in the way students at the two
(sets of) locations were assigned to FIE and non-FIE groups. At the Phoe-
nix site, "administrative policy was to assume that FIE would be an effec-
tive remedial treatment and therefore to assign lowest-achieving studencs
to IE, with the result that the initial scores on criterion lanstruments
always favored the comparisoa groups” (liaywood et al, 1982, August, p.ll).
Because of this fact, at least some of the post-treatment differences at
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vestigators to have been responsible for the differences between the re-
sults obtalned {n Phoenix and the results obtaired in Nashville and
Louisville (Haywood, Arbitman-Smith, & Bransford, 1982), the data collected
at the two (sets of) locations will be discussed separately.

Data collected in Phoenix. The students who took part {m this study
(N=70 during the first year) were, as indicated above, mostly the children
of migrant farm workers; and during the first year those in the experimen-
tal group received more than 80 hours of FIE from teachers who taught them
in other classes also. Oa the two measures administered, the Lorge-
Thorndike Nonverbal IQ and the Ravens Matrices, FIE students consistently
showed greater gains than the control groups with which they were compared;
and with one exception (gains on the Lorge-Thorndike {n the tutored cou-
trols) the difference {s statistically significant. During the following
year (the N was now down to 36) examination of the data showed that the

previously:observed differences between FIE and controls were still {n
evidence.

Data collected i{n Nashville and Louisville. As part of the same study
that collected data in Phoenix, data were also collected in Nashville
(N=47) and Louisville (N 98). This study found no consistent effects on
efther the Lorge-Thorndikc or the Reasoning subtest of the PMA, the two
tests of general intelligence that sere used, or on any of several other
measures that were administered. Ino a second Nashville study (N not speci-
fied) reliable effects were not found on PMA but were found on (a) Ravens
Matrices and (b) four of the five subtests of the Woodcock-Johnson Psycho-
Educational Battery, the fifth being Perceptual Speed. The authors comment
that the failure to find significant effects on this subtest is not sur-
prising since FIE students are explic.tly taught to “stop and think.” Two
years later--the N was now down to an unspecified number--follow-up meas-
ures found no experimental-control group differences.

Conclusions. Although these studies appear to have been both
well-conceived and well-designed, one cannot--because of the great varia-
bility in outcomes and the fact that not all the information needed for
full interpretation {5 provided--be very coniideant in drawing corclusions
about them. One is inclined, however, to agree with the Investigators that
the differing procedures used at Nashville and Louisville, on the one hand,
and at Phoenix, on the other, were lastrumental in producing the differing
patterns of results at the two (sets of) locations. What these patterns
suggest is that FIE can improve performance on standard noaverbal-IQ-type
measures (a) when it Ls used by teachers who are also teaching the students
in some other subject and are thus able to apply the relevaat principles
("bridge”) to some subject matter that has Lts own identity and (b) when
students get a significant degree of exposure (perhaps 80 hours or more in
a given year). Nelther of thesc conditions was found in the Nashville
studfes, and at least one of them was absent {n the Louisville studies, and
it is therefore not surprising that at these sites FIE effects were gener-

this site could Le attributed to differential experimental regression.
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ally inconsistent or nomexistent. Both of the condltioans, however, were
found at the Phoenix site, where results consistently favored the FIE

group.

Other Nashville Studies

Hall (1982) set up three groups consisting of studeats, age 12 and
older, who were enrolled in a special education program in the
Nashville/Davidson-County Public Schools. One group (3 classes, total
n=33) was given FIE; a second group (6 classes, total n=55) was given an
Tatervention called “socfal learning curriculua” (SLC), and a third group
(6 classes, total EéSS) was gilven {ts usuval program and considered a con-
parison group for the other two. Regular class fnstructors were given FIE
training (amount of time not specified) in a workshop that met before and
also during the intervention, which continued for the full school year; and
FIE students, going through a total of four FIE {nstruments, received FIE
fnstructifon one perifod a day each day, making about four hours a week alto-
gether. Data were analyzed by analysis of covarfance, with pretest scores
on the various dependent variables being used as covariates. FIE students
showed sigunificantly greater gains (i.e., greater reduction in the number
of errors) than the comparison students on the Matched Familiar Figures
Test and on the general fnformation subtest of the Peabody Individual
Achievement Test; but there were no effects on the Ravens Progressive
Matrices, the Test of Socifal Inference, a nonstandardized "test of social
knowledge,” and the Plers-Harris Children's Self-Concept Scale. The author
conments that the absence (as well as the presence) of effects is difficult
to fnterpret because of the fact that nonme of these measures were standard-
ized on subjects like the ones included fin this study.

McRainey (1983), who studied not thinking skills but social outcomes,
arranged to have the University School of Nashville devote one of its en-
richment classes (n=17) to FIE and to use an enrichment class in drama‘*ic
arts (n=19) as a comparison group. Pretest scores on the Ravens indficaed
that the two groups were not significantly different on that measure. There
were approximately 30 40-minute class sessions; and, altogether, the FIE
group recefved about 20 hours on four of the FIE instruments. At both the
beginning and the end of the course, students' socfal behavior was rated
(pretest r=.89) by the FIE and dramatic arts teachers as well as by other
teachers who taught the students in other courses. Whean judged by the FIE
and dramatic arts teachers, experimental subjects showed significantly more
improvement than the comparison students; but when judged by the students'
other teachers, the two groups did not differ significantly. In other
words, where teachers' ratings of their students were nefther disinterested
nor independent, experimental/control-group differences were found; but
where these ratings were at least disinterested--we are not told whether
they were independent--such differences were not found. A second measure
was a classroom environment scale consisting of 90 true/false statemeats
(tuformation about the scale's psychometric properties was not provided) to
be responded to by the students. Pretest-posttest comparisons or this
scale showed no experimental effects.

-
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What can be sald about the results of these other Nashville studfes?
In one case (Hall, 1982) the results are mixed; but this fact s difficult
to interpret because--as the author acknowledges--the tests were not stan-
dardized on individuals like the ones in the preseat experiment. Also, the
number of FIE instruments used was only four; and the adequacy of the in-
structor training period is difficult to assess. In the other case
(McRainey, 1983) the author was studying not thinking skills but “social
outcomes,” and in that study--possibly because of the relatively small
amount of exposure to FIE (20 hours and 4 FIE instruments)--there were no
easily interpretable effects.

Studies from Toronto

In a study conducted with 150 ninth-grade students at a "city-core,
multi-ethnic” school in Toronto, Graham (1981) assigned classes in reme-
dial-English (n=2) and common-English (n=4) to FIE and control conditlioms, 7
with FIE classes (n=3) getting three hours a week of FIE and two hours of
remedial or common English for the duration of the school year. Control
classes (n=3) received remedial or common English five days a week. During
the course of the year the experimental subjects were exposed to a total of
six FIE instruments. Each teacher taught only one (FIE or coantrol) class;
and the author began, appropriately, by testing the data for between-
teacher and between-class effects. Based on the results of this testing,
the author decided that some of the dependent measures (those that had
shown such effects) could not be used. The remaining data, which the au-
thor analyzed with some misgivings, were examined by means of a covariance
design, with pretest scores used as covariates. The results of this analy-
sis showed FIE students scoring reliably higher than controls on the re-
maining measure (Lorge-Thoradike, test 3) and five times as many FIE
students as controls reaching the ceiling for this test.

In a second study, Yitzhak (1981) administered FIE to learning-disabled
students, ages 14-16, at each of two vocational high schools, with other
learning-disabled students at these schools serving as controls. The FIE
students, who were given FIE by their regular classroom teachers, were ex-
posed during the year to a total of four instruments (number of FIE hours
not indicated). The total N for the two schools was initially 66, but by
the end of the year the number had dropped to 51. FIE effects, which wera
measured on Plaget-type conservation tasks using multivariate and univa-
riate analyses of covariance, were not significant.

Narrol, Silverman, and Waksman (1982) administered FIE to five classes
of low-performing vocetional high schocl students, with four other classes
at these schools serving as' controls, The total N was 102, with one of the
control classes serving as a comparison for two of the experimental
classes. FExperimental classes received one hour of FIE each day five days
37Grahan (1981) says that the school administratiouz assigned studeats to
the varlous English classes (presumably within class type) but does not say
how these classes were then designated as experimental and control.
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a week for the school year, and during the year they were exposed to a
total of four FIE instruments. Data were obtained, using a covariance
design, on Lorge-Thorndike (level 3), PMA (letter series), the Plers &
Harris self-concept Scale, a locus-of-control measure, and a measure of
school morale. The design is essentlally a set of five nonequivalent pre-
test-posttest control-group designs (Campbell & Stanley, 1963), with ap-
proximately 40 subjects in each design.

On the Lorge-Thorndike all differences favored the FIE group, and in
three of the comparisons the difference is statistically significant. On
the PMA (letter series) all differences again favored the FIE group, and
four of these comparisons are statistically significant. Ou the self-con-
cept measure, and also on the locus-of-control measure, none of the differ-
ences are statistically significant. On the school morale measure two of
the five differences are statistically significant, and both of these dif-
ferences favored the FIE group.

What can be sald regarding the Toronto studies? Generalizations are
difficult, in part because not all the information about dosage is provided
in each study. Oue notes, however, that both of the studies that reported
fairly clear experimental effects (Graham, 1981; Narrol et al, 1582) seem
to have provided more than 80 hours of FIE (in one case, perhaps up to
150), and one of them used six of the 14 available instruments.

Other Studies

Several studies, including a pilot (Martin, 1984), have been carried
out using hearing-impaired students at the Model Secondary School for the
Deaf (MSSD). One of these was a 2-year (1982-84) study, the first-year of
which is reported in Jonas & Martin (1985). In that study, FIE was given
each day, 2-3 days a week during the school year, to 50 MSSD students in
Math and English classes; and a similar number of students in these kinds
of classes served as controls. Four of the FIE instruments were used. By
the end of the year, 4] remained in the experimental group and 47 remained
in the comparison group; and for each of the experimental subjects the
investigators identified a comparison group member who could be matched on
sex, age, and level of class placement (remedial, regular, or advanced).
These 82 students (41 matched pairs) were the ones who provided first-year
dara for that experiment. Dependent measures included Ravens Progr~ssive
Matrices; diagramming and letter-set tests from the Kit of Factor
Referenced Cognitive Tests (KFRCT); three problem statements requiring
written solutions; and the reading-comprehension, math-concepts, and
ma th-computations subtests from the Stanford Achievement Test for Hearing
Impaired (SAT-HI). At the end of the year, FIE gains on the Ravens were
significantly greater than the corresponding gains in the comparison group.
Data for the SAT-HI, however, were not available at the time of the inictial
report. The investigators have recently reported additional data from the
study. In this more recent report (Jonas & Martin, 1984) the investigators
report that FIE effects on Raveas scores continue to be observed at the end
of the second year--by which time a total of eight FIE instruments have
been used--and that the (two-year) data on SAT-HI indicate significant
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effects on these measures also. With respect to the KFRCT, no FIE effects
were found; and with respect to the three problem statements (aVera§e in-
tec-rater r=.82), effects were found for one but not the other two.

McDanfel (1983) examined FIE effects {n a sample of 7037 studeats in
self-contained educable mentally retarded (EMR) classes in an urban school
system who were mainly male, low SES, and black, and who ranged in age from
10 to 15. Thirty-three of these students were in classes exposed to 25
hours of FIE, and in these classes students were trained to the FIE Numeri-
cal Progression instrument (20 hours) and on variations of the Ravens
Matrices (5 hours). The remaining 37 students were in other classes that
were used for comparison. FIE teachers were givea FIE tralning in two
2-hour workshops. Pretest-posttest comparisons indicated that FIE students
showed (a) significantly more improvement on the Ravens Matrices and on the
mathematics subsection of the Stanford Achievement Test than did the com-
parison group but no greater improvement than the comparison group on the
Columbia Test of Meantal Maturity. The data suggest that these EMR studeats
were capable of learning the kinds of things they were taught (at least,
when they are taught with FIE procedures); but--because of the similarity
of ianstructional and testing materials--the data provide little evidence
about the efficacy of FIE as a method of teaching thinking skills,

Brainin (1982) studied FIE effects with 49 underachieving sixth-grade
youngsters in Westchester County of New York State. Students had been ran-
domly assigned to four small-core classes that had been set up for studeats
who were reading at more than two years below grade level. The FIE group
consisted of two classes (total a= 27) as did the comparison group (n=22)

In the experimental classes FIE was given for 30 minutes to an hour, 2-3
days a week, for about 59 hours (four instruments) total for the year.
These teachers--who were the FIE student's regular teachers in these
classes--received about 50 hours of training and consultation. Experimen-
tal effects were found on a criterion referenced test developed by the
fovestigator ({nternal consistency = .76), indicating that the experimental
subjects had learned the special material they had been taught. With re-
spect to the primary dependent variables, pretest-posttest comparisons
found no evidence of an experimental effect on the Thorndike-Hagen Cogni-
38According to Jonas (personal communication, 1l January 1985), the problenm
statement on which significant effects were found may have bcen more i{nter-
esting to the ctudents than the two on which significant effects were not
found. Jonas said that while he had not yet analyzed the relevant data it
wvas his recollection (a) that, on the average, students has used more words
in responding to this problem than to the other two problems and (b) that,
{n comparison to the other tyo problems, this particular problem--which was
nunber 3 in the li{st of statements presented--was less often omitted by
those who failed to respoud to all the probleams.

39Thls {s the number of students for whom data were available for the full

three years. The authors do not mention attritfon, but one assumes the
original n was greater than this.
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1 tive Abilicies Test or the Devereaux Elementary School Behavior Rating
Scale but did find evidence of an effect on the Total Reading Score of the
Compreheansive Test of Basic Skills.

Genasci (1984) examined FIE effects in two samples: (a) 88
high-achieving seventh and eight graders (46 experimental and 42 compari-
] son) at four regular high schools and (b) 38 students ages 15-18 (29 ex-
o perimental and 9 comparison) from learning-ceanter classrooms in 10
“alternative” high schools. (Studeants at the regular high schools had suf-
fered 18% attrition, while students at the alternative high schools had
‘“' suffered 63% atcrrition.) The (high-achieving) studeants at the regular high
h schools were given FIE 2-3 days a week by their regular math and computer
science teacher (about 22 hours total) with the other 2-3 days each week

¥ being devoted to the regular (math, algebra, and computer science) course

p subject matter. Students at the alternative high schools were also given

) FIE 2-3 days a week (about 19 hours total), but for these studeats FIE was
H given by some one other than their regular teacher--i.e., an "itinerant"
} teacher who came to the school just for the FIE instruction. In each

C group, five FIE instruments were used. For the (high-achieving) students

3 from the regular high school there were no effects on a measure of acadeamic
self-confidence, and there was no effect on the total score of the Primary
Hental Abilities (PMA) test. On the PMA verbal subtest, however, signifi-

-3 cantly more improvement was shown by the FIE than by the comparison stu-
& dents. For the alternative high school students there were no effects at
all.

Mutcart (1984) administered FIE (three instrumeats) to seveath and
eighth-grade students in remedial programs over a period of nine months,
with FIE being given 2-3 hours per week. The author does not say how ex-
perimental and control groups were coanstituted except to say that the
original N was 22 and that the final ns were 9 (experimental) and 8 (con-
trol). The two groups were compared by t—-test on measures of intelligence
(PMA total), academic achievement (composite score on Canadian Test of
Basic Skills), and self-concept (Brookover Self-Concept of Ability Scale,
St. John Academic Self-Concept Scale, Achievement Sclf-Esteem, aand Lipsett
Self-Concept Scale). Significant differences were found on the achievement
neasure and on onec of the four self-concept measures.

?‘,

P SA.)f}-{.f

What can be said about these five "other” studies? It should be noted
first that one of the studies was conducted with a population (hearing-
impaired) not used in previous studies; and in that study, which used the
regular teachers and which administered FIE for two years and used eight
instruments, the original finding with respect to nonverbal measures was
replicated. Second, two of the studies (one involving high-achieving and
the other favolving underachieving students) produced mixed effects. In
both these studies the aumber of hours and the number of lanstruments were
relatively small, but in each of the studies the studeats were given FIE by
individuals who taught them i{n other classes also and who were able to use
FIE principles during these other class sessions. The remaining studies,
which provided relatively small dosages of FIE and used special rather than
regular teachers, found no ecffects.
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CONCLUDING COMMENTS

Before attempting to draw conclusions about the studies we have re-
viewed, we want to recall several things about these studies. First--and
this of course i{s not surprising--the studies differ among themselves with
respect to the designs and procedures they employed (type and number of
dependent variables, type and number of measuring instruments, etc.). Sec-
ond, the reports setting forth the results of these studies differ in the
completeness of the information they provide about these designs and proce-
dures. To take just a few examples, it is not always clear how many
hours of FIE the experimental subjects were exposed to, how many FIL in-
struments were used, how many subjects there were at the beginning (or,
conversely, at the end) of a study, or whether FIE instructors taught their
students in other subjects besides FIE"Y. Third, in most cases the report of
a study provides no indication as to whether one of the dependent variables
is any more or less important than the others for testing the efficacy of
FIE; and it is therefore difficult in many cases to say with respect to a
particular study that its results do or do not support FIE 1, Nevertheless,
the following observations seem warranted:

1. If we divide the studies that have been reviewed here into two groups—-
those that tend to show statistically reliable treatment effects and those
that tend not to--one finds studies in the first group usually providing
subjects with a greater dosage of FIE than studies {n the second group.
There appears to have been no research on FIE dosage, and it is not clear
just what dosage (which instruments and what number of classroom hours) is
required to produce what kinds of effects in what magnitude in what kinds
of subjects. Also, FIE seems not to "work"” unless there is some yet-unde-
termined minimum amount of training and subsequent suppurt provided for FIE
instructors (presumably the amount would vary depending on various individ-
ual-difference and situational factors) and some minimum number of hours of
student exposure to FIE instruction; but, while these minimums have been
speculated about, they have not--as indicated above--been studied system—

40some of the other things that were not always clear were the amount of
pre-intervention training given the FIE instructors, basis for assigning
teachers or students (or classes) to experimental and control conditions,
whether any of the experimental variables interacted, and what the relevant
means and standard deviations were.

SHN

4lanother point that may be worth recalling is that all the studies reviewed
here were field studies, with interventions typically lasting at least a
year and sometimes two years. In situations like this it is not surprising
to find--as we found here--that implementation efforts often fall a good
deal short of what the researchers had hoped for and fntended. In fact,

the present review was initiated as part of an effort that was eventually
discontinued as a result of just such problems. (See Twohig, Rachford,
Savell, & Rigby, 1985).
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atically. In any event, examination of the studies reviewed here suggests
that the following things characterize those studies that tend to show ex-
perimental/comparison-group differences:

a. At least a week of FIE training for instructors prior to the
first year of FIE teaching--plus follow-up support during the year--and
additional training prior to the second year (if there is one).

b. Generally eighty hours or more of student exposure to FIE over a
one~or two-year period. (Feuerstein has said that two-to-three years are
required, and several other investigators have suggested that two years are
a minimum.)

c. FIE taught in conjunction with some subject matter of interest and
importance to the subjects. Sometimes this was accomplished by having the
instructor of a five-hour course devote, say, two days a week specifically
to the course subject matter and three days a week to FIE (usually with a
different instructor teaching the FIE); and sometimes it was accouplishd by
selecting teachers who had their students for most or all of the school day
and having the teacher devote, say, one period each day to FIE.

2. For the most part the effects observed in these studies have been ef-
fects on certain standard nonverbal measures of intelligence (e.g., PMA,
Lorge-Thorndike, Cattell, and Ravens)--tests that are largely measures of
skill in processing figural and spatial information. A number of other
measures have been included in ome or another of these studies (e.g., meas-
ures of self-concept, classroom behavior, impulsivity, academic achieve-
ment, and course content); but effects with these measures have been either
absent, inconsisteat, or difficult to interpret, and there have been few
demonstrations of effects in "real-life"” (including academic) or simulated
real-life situations.

3. Statistically significant experimental/comparison-group differences
have been observed in a number of populations (in four couutries, in both
high and low social class groups, in students classified as hearing-
impaired, and in groups considered ncrmal as well as groups considered
culzurally or educationally disadvantaged). It remains to be determimed,
however, whether FIE can be counted on to produce treatment effects in all
these groups aod their assoclated subgroups. Variables such as age and
presence or type of handicap have not been investigated systematically;
and, where studies have used a particular age or handicap group, informa-
tion has not been prnvided in enough detail to allow one to draw conciu-
sions about the relevant populations. With respect to subject age, one can
say only that--based on the ,studies covered in this review--FIE effects
have been observed almost entirely in individuals who were in primary or
secondary school (and in the 12-18-year age range) at the time they were
exposed to FIE. A few studies have used college or college-age subjects,
but--with one exception that we know about--the intervention used in the
studies has been too weak to provide a satisfactory test. This exception,
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however--since {t found signi{ficant experimental/comparison-group differ-
ences--suggests that FIE may be able to produce effects with individuals
who are beyond adolescence.

4. It would be desirable for investigators routinely to collect data on
the implementation's completeness--i.e., on both the nature and extent of
the lmplemeatation that was provided (How many hours of FIE were given and
which pages of which fastruments were used?) and on the nature and extent
of the implementaction that was "received" (as indicated, for example, by
the magnitude of mastery and near-term effects). Also, our understanding
of FIE's ability to produce effects would be increased if investigators
routinely controlled and/or provided tanformatioan concerning naturally-oc-
curring sources of experimental error (e.g., pre-training differenzgs be-
tween lnstructors assigned to experimental and comparison groups).

5. There is enough evidence suggesting that FIE improves thinking skills
to encourage researchers to contianue investigating it.
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APPENDIX

Feuerstein's Theory and the FIE Me thodl

Feuerstein's theory is basically a theory of cognitive developmeut, aud
the key construct of this theory is what Feuerstein calls a "Mediated
Learning Experience” (MLE). MLE 1s said to occur when an individual (typi-
cally a child) is shown or taught cognitive methods for interpreting infor-
mation, for solving problems, or for learning something. For example, in
interacting with a child an adult might illustrate the usefulness of cate-
gorizing a particular piece of information and then go on to demonstrate a
technique for doing this categorizing. Feuerstein, like Piaget (1954),
believes that children can learn from interacting with the eavironment;
but, like Vygotsky (1962), he emphasizes the importance of the mediation of
the child's learning by adults.

Feuerstein argues that enbancing a child‘'s cognitive abilities can have
a snowballing effect in that, with these abilities enhanced, the child is
capable of learning additional and even more complex cognitive operations
and strategles. Feuerstein has tried to measure children's potential for
such enhancement--he refers to this potential as "cognitive modifiability"
--by means of a set of procedures and materials referred to collectively as
the "Learniag Potential Assessment Device"” (LPAD) (See Feuerstein, Rand, &
Hoffman, 1979). It is Feuerstein's view that this potential for cognitive
enhancement--this cognitive medifiability--can be changed and that the FIE
program has the capability of accomplishing this change.

As suggested above, one of the results anticipated from providing chil-
dren with MLEs is that they would become more aware of their cognitive
processes and abilities--i.e,, they would exhibit an increase in their
metacognitive activity. An increase in metacognitive awarenmess, {n turn,
would be expected to give the children greater control over their cognitive
styles and thus greater consistency with respect to the patterning of their
cognitive processes. Feuerstein is particularly concerned with childrea
whe exhibit an impulsive problem-solving style, since this style is so
often found to be ineffective (Kagan, 1965); and he is also concerned that
children should be able consistently to generalize from their experience
and to adopt an abstract rather than a concrete cognitive style (Goldstein
and Blackman, 1978).

lThis sunmary draws from a number of sources--e.g., Arbitman-Smith,
Haywood, and Bransford (1984); Bransford, Arbitman-Smith, Stein, and Vye
(1985); Feuerstein and Jensen (1980, May); Feuerstein and Hoffman (1985);
Feuerstein, Rand, Hoffman, and Miller (1980); Hobbs (1980, April); Link
(1980, May); and Passow (1980, May).
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Feuerstein combined this theoretical framework with generally accepted
principles of learning (e.g., the value of extensive practice and of get-
ting feedback on results); and, drawing on his own experience with the LPAD
(which had led him to identify what he considered a key set of cognitive
skills), Feuerstein developed a set of classroom instructional procedures
and a collateral set of (n=14) paper-and-pencil instruments (See Feuerstein
et al, 1980, pp. 125-256). Feuerstein believes that these procedures and
instrunents, when used together in the way he proposes, have the capability
of significantly enhancing students' cognitive skills. The use of these
procedures with one of the FIE instruments--the instrument called "Organi-
zation of Dots" (0OD)--is described below.

OD--1ike the other instruments-—-is included in a2 single booklet, with
each page typically presenting a series of problems for the student to
solve, On the cover of the booklet is printed the slogan for the program,
"Just a minute--let me think,"” along with a drawing of a young man {n
thought. The booklet is divided into sections (not separately identified
in the student’'s booklet), with each section emphasizing a particular cog-
nitive skill (e.g., precision in problem analysis, ability to recognize
recurring patterns) or strategy--e.g., a strategy for identifying errors.
In the case of 0D, the booklet presents the student with a set of dots; and
tha student is asked to draw limes connecting the dots but to do this in a
way that ma%es the resulting drawings match a model pattern that is pre-
sented (e.f., two squares and a triangle). The booklet contains a number
of such sets, and the student is asked to complete as many of these sets as
possible. Generally speaking, the problems get more difficult as the stu-
dent works through the booklet; and some of the problems prove difficult
even for college-educated adults. The following would be a typical class-
room sequence:

* The students are asked to comment on the slogan ("Just a minute--
let me think") that i{s printed en the cover of their booklet. The
expectation here is that doing this will stimulate discussion with
respect to impulsive problem-solving styles and the desirability of
not using such styles.

* The students' attention is directed at one of the pages in the
booklet, and the students are asked to say what they think their
task on that page will be. (FIE problems use a minimum of explicit
instructions, and some aspects of the tasks must be inferred.) 1In
. the case of OD, some of the dots in the first few problems have

\ already been connected; and, as the discussion progresses and if
students scem to be having difficulty, the instructor offers sug-
gestions (more or less .explicit, depending on the judged needs of
the student at that moment) as to what the student might try next.
For example, the instructor may call students' attention to certain
cricical features of the information already provided.
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’ * Ordinarily, students work on the problems independently; but

N there is a provision for working in pairs or in groups, and the
o'y S

. fnstructor circulates, providing probing questions or hints (e.g.,
b “Is r triangle th i the model?")
i:‘ your triangle the same size as the model?
i
L * Students discuss their solutions to the problems they have been
v Y working on, and one or more students may be asked to present their
B ' solutions to the group. Mistakes, as well as what the instructor
RS o considers faulty approaches, are discussed with an eye to improving
M students' future problem-solving behavior and their awareness of
R the cognitive patterns they typically use.
Y

* The instructor encourages induction by the students of general

¥y principles and provides them with examples of possible applica-

,1:' tions. For example, the instructor (or the students) might relate
::t:o:‘ the organizing of the dots into patterns to the organizing of stars
_-: ’ fato constellations and--at a more abstract level--to the organiz-
:,_:! fng of text material into paragraphs. This two-step process of
(Y inducing principles from the work they have carried out in perform-
Y ing the tasks and then applying these principles to some other
o content area is referred to as "bridging,” and studeats are encour-
'{- aged to generate their own bridges and to apply them to subject
i":; matter (including school subjects) that i{s of faterest to them.
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