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Ereword
The Committee on Research in Mathematics, Science,

and Technology Education was established in the Commis-
sion on Behavioral and Social Sciences and Education of the
National Research Council in 1984 in response to a request
from the U.S. Department of Education. Its initial tasks, for
that department and the National Science Foundation, were
to develop a set of research priorities and to consider the
role of multidisciplinary research for science, mathematics,
and technology education. That work resulted in two re-
ports, Mathematics, Science. and Technology Education: A Re-
search Agenda (National Academy Press, 1985) and Interdis-
ciplinary Research in Science. Mathematics, and Technology Ed-
ucation (National Academy Press, 1987).

While preparing the first report, the committee became
interested in exploring in more depth two issues: how chil-
dren learn reasoning and other complex thinking skills, and
how the school environment can be manipulated to maxi-
mize opportunities for children to succeed in learning
science and mathematics. Work on the first issue was under-
taken by Professor Lauren Resnick at the Learning Research
and Development Center of the University of Pittsburgh and
resulted in the paper Education and Learning to Think (Na-
tional Academy Press, 1987). Work on the second issue was
carried out by Michael Cole, Peg Griffin, and their
colleagues at the Laboratory of Comparative Human Cogni-
tion at the University of California at San Diego. Carnegie
Corporation of New York is generously supporting wide dis-
tribution of both volumes.

The Wisconsin Center for Education Research is de-
lighted to join the National Research Council in publishing
the second paper. The Center is committed to three prin-
ciples that permeate this paper: that the educational oppor-
tunities for women and minorities in the United States must
be improved, that the knowledge base to make important im-
provements is being developed, and that major, perhaps radi-
cal, approaches that build on the knowledge base may be
necessary. In support of these principles, Michael Cole and



Peg Griffin, in concert with over 30 other researchers from
across the nation, have pulled together an extraordinary and
challenging range of ideas, findings, and speculations-in a
very engaging paper.

This paper comes at an opportune time. The nation's
educational systems have survived a recent major burst of
reform. By many accounts the reforms have been successful:
the quality of teacher training is undergoing intense scru-
tiny; greater numbers of talented college students are enter-
ing the teaching force; more students are taking high school
courses that will enable them to qualify for college admis-
sion; and, especially in the South, education has become a
top priority of state governments. By other accounts,
however, the reforms have ignored the most pressing prob-
lems of American education: relatively few of the state re-
forms addressed the most needy in the nation's schools-the
poor, those whose English is limited, and very low achievers.
The percentage of children in poverty has markedly in-
creased since the early 1980s; the dropout rate in many
places has increased; and the range of college attendance
among blacks has declined. For many students, the oppor-
tunities are fewer now than they were before the reforms.

Cole, Griffin, and their colleagues address the issue of
creating constructive educational environments for women
and minorities, especially in the content areas of mathe-
matics and science. They review the results of recent in-
teresting and successful interventions; they poke holes in
some of the superficial policy proposals-such as "increased
time on task"; and they explore the possibilities for using
new technologies to enhance opportunities. The paper may
be usefully read by a public interested in educational issues
by teachers and administrators who wish to improve thei;
school systems, and by social and behavioral scientists who
are engaged in developing new knowledge. We are pleased to
be involved in the publication of this paper.
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1-_ Introduction
The purpose of this review is to arrive at a research

agenda addressed to ways in which increased knowledge of
contextual factors in education can enhance the basic aca-
demic skills and participation in technological literacy by
far more of our population. Along with the parent NRC
Committee that generated this report (the Committee on Re-
search in Mathematics, Science, and Technology-James
March, Chair), we have worried about the vast educational
potential waiting to be tapped among a variety of groups
that are underrepresented in the technological activities of
our society, especially women and ethnic minorities. We have
focused on how to use new technologies as a vehicle for
general educational improvement, in addition to considering
their use as a goal of a specific part of the technical curric-
ulum.

Underlying our specific focus on underrepresented pop-
ulation groups was the shared perception of committee mem-
bers that the problem of underrepresentation in higher
levels of the educational system by certain populations has
reached disastrous proportions in this country. In southern
California, for example, more than half the Hispanic-
American children who enter the school system drop out be-
fore they complete high school; less than 10 percent of
Hispanic-Americans from southern California enter the Uni-
versity of California. Yet, in many areas of southern Cali-
fornia, Hispanic-Americans are an absolute majority of the
citizens whose educational needs serve as the raison d'etre
for the public support of a university. Analogous problems
exist in other parts of the country and for other populations.

This situation is so obviously dangerous from a political
and economic point of view that it deserves the serious con-
cern of policy makers and the academic community, as well
as the military and the business community. We assume the



problem of widespread undereducation to be a common
concern underpinning this report.

The diffuse nature of factors included under the rubric
of context required us to create an investigatory framework
that could confront the diversity of the problems with an
adequate diversity of solutions. Our group was highly inter-
disciplinary, including specialists in psychology, sociology,
linguistics, anthropology, and education. We took it as our
task to come up with recommendations based, insofar as pos-
sible, on methods and canons of evaluation acceptable across
a variety of disciplines so that we would be confident of
their scientific foundation. At the same time, the interdis-
ciplinary nature of the problems insured that methodolog-
ical and measurement issues would loom large as a problem-
a tic element in our review of the field.

It is the Committee's view that the obvious difficulties
of the current educational situation represent a period of
great promise as well as a period of threat for American
education. In particular, it appears that existing research has
identified a set of social systems properties which, when im-
plemented, sharply improve the educational achievement of
a great many children who otherwise would drop out below
the needed level of technological literacy. The problem is
that educational programs successful in the "hothouse" of
social science interventions do not have staying power when
the hothouse supports are withdrawn.

It seems clear, from a variety of public opinion polls
and analyses of educa tional activities in different sectors of
society, that the American public is not going to provide ex-
panded budgets to existing educational institutions for ex-
tending the school day, extending the school year, reducing
the adult-child ratio, or other personnel expenditures that
might promote the generalization of the intervention exper-
iments. Yet there is great pressure for increased educational
performance. That contradictory set of social constraints can
be reconciled with increased achievement only if a signifi-
cant reorganization of existing educational resources is
somehow carried out. There need to be serious proposals for
redirecting existing expenditures. It is precisely at this point
that we see the special opportunities associated with new in-
formation technologies, including interactive computer com-
munication and interactive video pedagogies. New media of

communication offer one potential for institutional
realignments that might yield solutions to current problems.

Unfortunately, existing evidence strongly suggests that,
in addition to its promise, a new technology of communica-
tion is causing a new epidemic of imbalanced knowledge ac-
quisition, instead of a rise of educational excellence across
the board. Therefore, special attention has to be paid to the
growing disparity between potential for reorganizing diverse
people in educationally productive ways on the one hand
and the consequences of the current way that new technol-
ogies are introduced into the schools on the other.

We will return at the end of this report to summarize
recommendations for research and policy that appear to be
implied by our review of the facts. As will be demonstrated
repeatedly, excellence can be organized. The challenge is to
distill the lessons learned from locally successful systems
and to determine under what conditions they can be general-
ized.

There has been a great deal of work demonstrating that
American schools may be organized for social purposes other
than academic excellence-schools are also sorting devices
and credentialing bureaus that select among the members of
the population in the service of social institutions such as
industry (Mehan, 1983; Snow, 1982; Spring, 1976). While we
would not deny the validity or importance of research on
these other social functions of education, our attention here
is to schools as transformation institutions that arrange for
the development of the knowledge and skills with which
students enter. The tension between the selection and trans-
formation functions of schooling is not unique to the U.S.
and will continue to be a matter of international concern,
which, although somewhat independent of the issues raised
here, may be informed by this discussion.

Similarly, we appreciate that economic and political
pressures should loom larger than is reflected in the body of
this report. Schools with large populations of minority
students are usually located in communities with small tax
bases or in large urban areas with declining fiscal resources
(Sheingold, Martin, & Endreweit, 1985). The resulting fiscal
limitations make it difficult for these schools to keep pace
with educational innovations, not only in terms of equip-
ment and supplies but also in terms of attracting new staff



and providing the training necessary to keep eXlstmg staff
abreast of the latest developments in educational research
and technology. Outside sources of support for educational
programs in schools attended by minorities are often ear-
marked for educationally disadvantaged children. While this
support may provide resources needed to give minority chil-
dren access to newer educational technologies, it often comes
attached to two sorts of restrictions that minimize the extent
to which the technologies can be effectively employed.

First, restrictions are introduced in relation to the kind
of educational program that the new technology fits into;
computer use in Chapter I programs, for instance, is largely
limited to the kinds of drill-and-practice instruction that
characterized the educational program before the advent of
the new technology (Center for the Social Organization of
Schools, 1983-84). Second, there are restrictions that mini-
mize the use of the new technology to enhance the education
of children who are doing well-at or above grade level.
These restrictions limit the diffusion of new technology in
urban and rural schools with large minority populations and
simultaneously decrease the possibility of inventing educa-
tional activities that go beyond what is already known, i.e.,
the drill-and-practice activities.

Not only economic pressures but political ones are oper-
ating in the same settings. Administrators and teachers in
districts with large minority populations are often under
considerable pressure to reduce dropout rates and increase
achievement test scores. This pressure comes from employers
and policymakers concerned about the trainability and pro-
ductivity of workers with basic skills deficiencies (Carnegie
Corporation, 1984-85; Hunter & Harman, 1979) as well as
from parents worried about children's prospects for employ-
ment and higher education. Communities can hardly fail to
respond to the bleak educational statistics: the dropout rate
for Hispanics and blacks is about double that of whites; al-
though minorities comprise 25 percent of the school popula-
tion, they represent 40 percent of the students suspended or
expelled; and the average performance of blacks and His-
panics on the Scholastic Achievement Test is over 50 points
lower than the means for Anglo students (Carnegie Corpora-
tion, 1984-85). Thus, it is not surprising that educators of
minority students are pressured to "do the basics" better and

lea ve innovative educational practices to others. However, a
continued imbalance in the educational mandates that guide
the education of minorities and of white middle-class chil-
dren deepens the problem: as schools serving minority chil-
dren focus their resources on increasing the use of well-
known methods for drilling the basics, they decrease the op-
portunities for those children to participate in the higher
level activities that are needed to excel in mathematics and
science.

Our report does not have the scope to analyze the eco-
nomic and political pressures and recommend solutions to
the apparent binds, but we believe that our discussion can
contribute to such analyses and action as we indicate the
points of change within schools that can be productive. Ac-
cording to the extensive and sophisticated study of technol-
ogy and society undertaken by the Conservation of Human
Resources project at Columbia University (e.g., Noyelle,
1985), new technologies and new economies call for more
emphasis on effective off-the-job training for many sectors
of industry. Hence, it is important to identify points of
change within schools.

With these comments in mind, we turn to a systematic
survey of the issues involved in addressing the role of con-
text factors in educational achievement.

Our deliberations began with an attempt to define the
basic terms we had been given to work with. It was not an
easy job.

As a starting point we discussed what was meant by the
distinction between cogni ti ve and con textual factors in-
fluencing education. Starting first with the presumably
better-understood side of the cognitive-contextual dichot-
omy, we defined cognitive factors influencing education to
be the specification of the mental work that occurs when a
child is doing a particular curriculum task. The implicit
start of cognition, in this framework, is the posing of the
task by the teacher. The end is the response produced and
usually interpreted as the production of a single pupil. Cog-
nition refers to the information processing that occurs be-
tween presentation of the problem and the response.



Cognitive factors may be subdivided in a variety of ways,
depending on one's particular theory. And, cognitive factors
may be attributed to an individual or to social "collusion" in
a variety of ways, depending on another set of particular
theories.

As a way of specifying a systematic constraint on our
review of contextual influences on educational processes so
that they could be more than everything that is not related
to the task itself, we adopted the embedded contexts rep-
resentation of our topic depicted in Figure 1.

According to this view, it is possible to identify a unit
of analysis called a cognitive task. Cognitive tasks can be
created experimentally, or they may arise when a student is
confronted with a part of the curriculum and begins to
spend time on the task (Bloom, 1976). The quantity and
quality of the time on task can be used as a mediating vari-
able of common interest to those studying both cognitive
and contextual factors in education. The cognitive and con-
textual approaches differ in emphasis: The cognitive ap-
proach manipulates factors within the task; the contextual
approach deals with the constitutional relations between the
task and broader levels of context.

Although we have found a commonsense notion of con-
text useful, it is important to emphasize that a noncritical
acceptance of the commonsense division between task and
context is an oversimplification that itself needs to be ex-
amined critically. For theoretical reasons as well as many
problems of concrete research, it is inappropriate to equate
context with environment (literally, "that which surrounds").
Two hints of the more specialized understanding of context
with which we have grappled can be seen in our use of the
phrase constitutional relations in the previous paragraph and
our depiction of the task itself as one of the levels of con-
text.

Even a simplified view of context such as "that which
surrounds" is complicated. Context refers to the events
preceding, occurring with, and following the cognitive task;
context so conceived includes all the factors that might in-
fluence the quality of time spent on the task, ranging from

the arrangement of a lesson in the curriculum, to the rela-
tion of the classroom to the school as a whole, and to the
relation of the school to the community of which it is a part.
From the original Latin term contextere, "to weave together,"
we obtain a close approximation of context as we conceive
of it.

Within each level of this scheme it is also necessary to
look at behavior in as many settings as possible to under-
stand the range of variability that characterizes current ed-
ucationally relevant cultural practices. The complexities of



incorporating a rich interpretation of context underlie a
great many methodological disputes in discussions of contex-
tual factors in education.

opportunities to get into mischief. Some parents were simply
allowed to watch and help their children. Others were given
a paper-and-pencil problem to solve while keeping an eye on
their two children. Under these very mild conditions of
stress, the preoccupied parents played less with their chil-
dren, ignored attention-getting initiatives they might other-
wise have responded to, and used more peremptory "short
tempered" control strategies. The parental pattern that
emerged under stress bears a striking resemblance to the pat-
tern of child rearing that has been associated with a child's
subsequent reduced scholastic achievement.

This same pattern appears in real life conditions when
interviews and observations are combined to trace the rela-
tionship between stress and parenting styles. Forgatch and
Wieder (summarized in Patterson, 1982) obtained daily re-
ports from mothers about such stressful events in their lives
as unexpectedly large bills, the illness of a family member,
and quarrels with their husbands. The investigators also
made periodic visits to the home to observe patterns of in-
teraction between mothers and their children. They found
that maternal irritability usually increased when things out-
side' their specific relationship with their children were
going badly. When they were irritable because of this stress,
mothers were more likely to hit or scold their children and
more likely to refuse to comply with their children's re-
quests.

The kind of everyday circumstances that provide the
background stress of child-rearing for many parents living
in the United States today is illustrated by interviews with
working-class mothers who have a three-year-old child to
raise in addition to a full-time job:

One consequence of our organizational framework is
that certain bodies of literature fall outside the scope of the
work. Our approach to contextual factors provides a·
strategic avenue of access into the aspects of the problem
that are contemporaneous with school performance,
achievement or failure, and the aspects that are accessible to
manipulation under the rubric of educational policy and
practice. There is, however, a complementary body of liter-
ature, and perhaps a complementary report needed, with foci
such as mental and physical health and affective factors, as
well as issues of nutrition and social development. We think
that these issues are complementary because, while they
point to problematic aspects in the life of the children who
are our main concern here, and while they point to problems
that can clearly interfere with the achievement of academic
excellence, they are less directly related to schools as cur-
rently constituted in our society than the research under re-
view. There is clearly overlap and need for an eventual
reconciliation of this subdivision between context factors
closely related to the school and other context factors rel-
evant to education. To exemplify this arena of overlap, we
consider the case of stress and family circumstances.

Later we point to the importance of community and
family involvement in effective educational programs; as we
do so, we must consider the difficulties within families. An
important limitation on the family's ability to serve as a re-
source for children is the degree to which parents are under
stress for reasons having nothing to do with the immediate
task of bringing up their children and seeing that they get a
good education.

An experiment by Zussman (1978) demonstrated the in-
fluence of even minor stress on parenting styles which in
turn have been related to educational achievement (see Mac-
coby, 1984, for a review). Zussman invited parents with two
children, a preschooler and a toddler, to come to an observa-
tion room where there were both play materials and

We don't have any kind of life. When you work,
you're constantly racing around back and forth.
There's never any relaxa tion. Work, come home
and work, go to bed, etc., over and over. No re-
spite. It's not my idea of living .... There's no
way you can cram seven days of housework
into less than 2 days (weekend) .... Seems like
I'm always running around on my lunch hour.
There's so little time. (Bronfen brenner, Al va rez,
& Henderson, 1984, p. 1367)



Since social scientists understand (and largely
share) middle-class values, we find middle-class
parental behavior [which emphasizes indepen-
dence and self-direction] self -evidently reason-
able. But because many of us have not had an
adequate grasp of working-class values, it has
been less apparent that working-class parental
behavior is also reasonable .... Working-class
parents are as concerned as are middle-class
parents about their children's future. (Kohn,
1977, p. 197)

make family life difficult certainly do not make the job of
education any easier; however, such conditions should be
taken neither as determinants excusing failures that are ac-
complished in the schools nor as a rationale for failing to
find ways to obtain family and community input to educa-
tional programs, especially when coordination with family
and community can be shown to be advantageous for school
achievement.

While our organizational framework forces....,or allows
-us to give short shrift to the contextual factors like stress
that are less institutionally linked to schools, we wish to un-
derscore their in terrela tedness with the issues we address
and the general problem we are concerned with. As will be
recognizable below, some effects of recontextualizing tasks,
classroom organization, curricula, and schools are associated
with changes in factors like self-esteem and higher expecta-
tions about achievement. However, the designs, methods, and
measurement techniques-the technology of research-in the
studies that can fall under our recontextualization rubric
differ greatly from those that would be found acceptable by
other scholars concerned with issues like stress, self -esteem,
attributions, and expectations. An early recommendation, in
fact, would be to provide for a critical review of the rela-
tionships between the two sorts of contextual factors in edu-
cation. We suspect that there is room for productive interac-
tion that could result in better theories and better research
on both sides of this divide-and that could increase the
utility of the research for educational practice.

It is not very surprIsmg that the frequency of such
stressful events is greater among poor families than the well-
to-do ones (Brown, Ni Bhrolchami, & Harris, 1975) and is
increased by father absence, early parenthood, and a variety
of other forces that render family interactions uncertain. As
a result, it is to be expected that studies in the United States
and Britain (Bernstein, 1971; Kohn, 1977) would report that
lower socioeconomic households have a high frequency of
the child-rearing patterns associated with parental stress and
reduced school success.

We must be very cautious about our judgments of the
parenting practices of America's working-class and poor
populations. Kohn stated the problem quite clearly:

A crucial fact about socialization is that parents raise
their children to confront the world as they understand it on
the basis of their own experiences. There is a perplexing
consequence of this convergence for societies like ours. Kohn
(I 977, p. 200) again pinpointed the issue: "The family, then,
functions as a mechanism for perpetuating inequality." Some
change in the pattern of the family's coordination with
other social institutions (like schools, churches, unions,
workplaces) is an approach that may break this perpetuity.

The educational dilemmas posed by the close links be-
tween problematic aspects of adult life in the community
and the quantity and quality of the resources available for
children are not unique to the United States; they reoccur in
all industrialized countries. Pressures and inequities that

An important study conducted by the Office of Oppor-
tunities in Science (American Association for the Advance-
ment of Science, 1984) provides hope at the outset that with
serious efforts the educational problems of underrepresented
groups can be overcome. This report summarizes data from
168 special programs and identifies the characteristics that
produce successful mathematics and science education for
underrepresented populations. Because of its strong affir-
mative nature, the basic conclusion of this report is worth
highligh ting:



The evidence gathered to date indicates that if
minorities and women are provided early, ex-
cellent and sustained instruction in these aca-
demic areas. then their achievement levels
parallel those of white males. (AAAS, 1984, p.
iv).

16- "Mainstreaming"-integration of program elements
supportive of women and minorities into the institu-
tional programs.

1- Strong academic component in mathematics, science,
and communications, focused on enrichment rather
than remediation.

2- Academic subjects taught by teachers who are highly
competent in the subject matter and believe that
students can learn the materials.

3- Heavy emphasis on the applications of science and
mathematics and careers in these fields.

4- Integrative approach to teaching that incorporates
all subject areas, hands-on opportunities, and com-
puters.

5- Multiyear involvement with students.
6- Strong director; committed and stable staff who

share program goals.
7- Stable long-term funding base with multiple funding

sources.
8- Recruitment of participants from all relevant target

populations.
9- University, industry, school, etc. cooperative

program.
10- Opportunities for in-school and out-of-school learn-

ing experiences.
11- Parental involvement and development of base of

community support.
12- Specific attention to removing educational inequali-

ties related to gender and race.
13- Involvement of professionals and staff who look like

the target population.
14- Development of peer support systems (involvement

of a critical mass of any particular kind of student).
15- Evaluation, long-term follow-up, and careful data

collection.

These characteristics are, for the most part, self-
explanatory, but some comments may be helpful regarding
interaction of components and their relationship to
classroom-level and school-level factors. With respect to
classroom-level findings, the report supports the notion of
peer-grouped curriculum with a good deal of hands-on work
and a constant interplay between theoretical and practical
activity. It also supports the conclusions of Berliner (1984)
and many others that students should experience, and
teachers should expect, high levels of successful per-
formance.

At the level of schools, these programs have all the
characteristics of a subculture. There are shared values and
activities; there are multiple years of participation that en-
sure that there will be multiple generations of participants
interacting at anyone time. There is interaction not only
between teachers and students but among students, as an es-
sential facilitating factor. Point 13 is worth emphasizing; in-
volvement of adult role models who are from the same pop-
ulation group as the students requires the participation of
minorities and women in a supervisory role.

The programs are not isolated from the rest of the
students' lives. On the one hand, there is the clear goal of
mainstreaming at the end of the program. On the other hand
there is community support and participation from parents
at the start of the program and during its course. These fea-
tures can be summed up by the idea tha t successful programs
allow for vertical integration of the educational experience
beginning at the start of schooling and continuing into the
college years.

A major point stressed in the report is that the different
categories of underrepresented populations should not be
lumped together with respect to the particular program
elements that should be emphasized. One template of a
program cannot be found that can be superimposed in var-
ious places to produce effective learning. Local invention is
needed not only in the planning but in the ongoing im-
plemen ta tion:

The report listed 16 characteristics of the successful
programs:



The variability among racial/ethnic groups and
within a particular group is likely to be very
great. Successful intervention programs learned
early to smooth out the differences and at the
same time to be sensitive to them. (AAAS, 1984)

2: Spending Time
on LearnIng

Following the common-sense principle that learning
takes time, much recent research on improving education
has focused on "time on task," the time that students spend
engaged in-attending to and participating in-academic
work (Bloom, 1976). More refined concepts such as "active
learning time" or "engaged learning time" have been con-
structed to measure effective learning time (Carroll, 1963;
Harnischfeger & Wiley, 1981). Within the system of assump-
tions that permits a dichotomy between the task and its con-
text, this approach treats contextual factors as independent
variables that influence effective learning time (the mediat-
ing variable) and improved achievement (the dependent var-
iable). A very solid body of research demonstrates that,
when students spend time on tasks with high levels of suc-
cess, their performance improves with increased time de-
voted to learning (Fisher, Berliner, Filby, Marliave, Cohen,
& Deshaw, 1980). This evidence has made research on ways
to increase the amount of time students spend on task an
important topic for educational researchers.

While acknowledging the importance of research on
time on task as one means of understanding the educational
process, the simplifications involved in the operationaliza-
tion of effective time on task have led, in practice, to some
problems of their own. Since it is very difficult to know
what is going on in children's heads, even under the most
carefully designed experimental circumstances, time on task
gets coded operationally, in terms of what the children are
not doing; they are not whispering, not looking around, not
sleeping, not away from their desks, or some other not. Time
on the task is the residual of these other behaviors. The sug-
gestions for classroom practice that are generated by this
criterion also have a negative tint to them; they emphasize
management tactics that keep the children from appearing
to be off -task.

In reviewing the time-on-task and classroom organiza-
tion literature, four areas of concern kept reappearing in

The specification of group differences is too lengthy for in-
clusion here but well worth reading for anyone engaged in
this line of endeavor. The 16 general characteristics listed
above allow for some information exchange to guide local
invention, but their appearance in an effective program is
concretely related to the local language and cultural cir-
cumstances.

At the time the AAAS report was prepared, computer
use was a rising point of interest. Note that communications
is listed as an essential content area in the curriculum. These
two aspects of the program are interconnected: computing is
not just a topic in itself but a toolchest full of resources for
all kinds of academic endeavors, and the report recommends
a computer/communication component for such programs.
The issues raised by the AAAS study will reverberate
throughout this report; we will return to consider its impli-
cations in summarizing one of our recommendations for fur-
ther research.

As an expository device, we will organize our review
from the inside out, e.g., from the task to its context. We
begin, in section 2, with a very brief discussion of limita-
tions associated with time-on-task approaches to assessing
how effectively the teaching/learning process is organized,
relying on a simplified conception of context. We move in
the following sections to a discussion of the levels of context
depicted in Figure I: recontextualizing individual tasks; re-
contextualizing the social organization of the instructional
process, emphasizing the special case of linguistic and social
variations and social organization; recontextualizations af-
forded by the advent of computers in education; the school
as a distinctive cultural organization; and, finally, links be-
tween schools and various nonschool settings.



our discussions. When time on task is inverted (viewed as a
residual, equivalent to "not off-task"), the research depends
on, and subtly validates, certain pedagogical assumptions,
and it leaves some important matters uninvestigated and un-
resolved.

First, standardized time-on-task analyses seem to deal
almost exclusively with (and to work most effectively for)
teacher-led lessons and seat work. This connection seems al-
together natural; if there is no adult discussion leader and
the children are busy talking together as a part of their
lesson, it is much more difficult for teacher or researcher to
judge what is on-task and what is off-task behavior.

Simply on the basis of frequency of occurrence, it is not
unreasona ble that time-on-task studies should have focused
on teacher-led lessons. Descriptive studies suggest that
teacher-led whole groups predominate in American class-
rooms (Dunkin & Biddle, 1974; Goodlad, 1984). Teacher-led
small groups are common but tend to occur primarily in
early grades, and particularly in reading instruction
(Cazden, 1986). Peer groups are infrequent in today's schools,
but are more common in social studies and science than in
other subject areas (Stodolsky, 1984). Sirotnik (1981) has re-
ported findings from observations in 129 elementary school
classrooms selected to represent varying community types
nationally; he found only 2 percent of students engaged in
cooperative groups.

These less frequent situations are difficult to code or
engineer for common measures of on-task behavior. But
these are the sorts of situations that we have found among
the promising alternative modes of instruction, especially in
science, mathematics, and technology education.

Second, discussions of the time-on-task literature often
appear to assume that the number of students engaged in a
lesson is equivalent to the number of students in the class-
room. When the teacher deals directly with a subset of the
class, good or bad time on task for that subset of the chil-
dren cannot stand as a full measure for all the children in
the classroom. How does the quantity of students directly
involved with the teacher relate to the quality of instruc-
tional interaction for all the children in the class? In most
of the effective learning time literature, an increase in qual-
ity of performance is produced by a combination of tighter

control and fuller feedback. Thus, this literature promotes
reduced teacher-student ratios (perhaps arranged by rotating
children through teacher-led small group lessons) but fails to
investigate any qualitative reorganization of instruction for
the rest of the children in the class. In such an approach, the
most effective management of time for students who are not
working with the teacher becomes an issue. This assumption
that reduction of size will bring no qualitative change in
interaction is not a necessary conclusion, nor is it consistent
with the facts.

An alternative is to reorganize the relationship of the
students to the instructional materials and the teacher at the
same time in a variety of alternatively structured groups. In
this arrangement, the teacher becomes an advisor and facil-
itator rather than task presenter and central control mechan-
ism.

There are many problems associated with a shift to de-
centralized classroom management, not the least of which is
evaluation. But we should not compound the problems we set
out to solve by using research designs and evaluation
methods that subtly limit the range of solutions that can be
considered.

Third, whatever options for reorganization are adopted,
any attempt to measure, analyze, or engineer effective learn-
ing time needs to recognize the question of group heter-
ogeneity. It should not be assumed that the effect of the
degree of heterogeneity within an instructional group is in-
dependent of group size or of the organization of interac-
tion within groups. It is quite possible that principles of
small-group instruction and heterogeneity interact.
Moreover, these two factors may well interact with curric-
ulum content. Clearly, until these interactions are sorted out,
prescriptions based on the time-on-task literature should not
be taken too strongly.

Fourth, it should not be assumed (as much of the
learning-time literature does implicitly) that the definition
of task remains invariant across methods of organizing in-
struction in classrooms. We have reservations about the abil-
ity of a researcher, even a teacher, to recognize discrete
tasks and their boundaries (and, hence, off-task behavior) in
the ordinary life of the classroom (Griffin, Cole, & Newman,
1982), and these reservations increase as we consider the



plausibility of locating "same" tasks in different social
organizations (Newman, Griffin, & Cole, 1984). Yet, any no-
tions that a task allows more effective learning time in one
instructional arrangement (e.g., teacher-led small groups)
than in another (e.g., children without adults in small
groups) assume that the same task can be compared across
settings. Other literature that recommends the superiority of
reduced size instructional groupings, in fact, makes an op-
posite assumt>tion: Tasks will not remain the same when the
social situation of instruction changes; a reduction in the
size of instructional groups can create a qualitative (not just
quantitative) difference in the context, thereby creating a
qualitatively different definition of the task by individual
students. When such reorganization is achieved, it can trans-
form the relationship between task success and what are
usually called cognitive entry behaviors; a task may be
easier or harder than a quite similar task encountered by the
same person in another context. This emphasis is especially
important for addressing the invention of successful pro-
grams for populations currently underrepresented in mathe-
matics, science, and technology. Thus, section 3 explores the
issue of modifying the ease of performance by changing
task-level context.

3: RecontextualizingTasks: ReorganizIng
Cognitive Processes

It is important to demonstrate that changes in contex-
tualization of tasks can be engineered to make a difference
in task performance. Before progressing to evidence from ex-
isting curricula, we turn briefly to existing lines of research
at a level more or less equivalent to a lesson, problem, or
task. The experimental work that will be called to mind by
these examples is usually referenced in arguments demon-
strating that young children are not as cognitively limited as
had been claimed on the basis of more normative exper-
imental procedures or in arguments demonstrating that older
people are not able to do the advanced cognitive work one
might expect, unless the conditions are modified (Cole &
Means, 1981; Gelman, 1978). In this review, the cases are in-
tended to demonstrate that contexts for cognitive tasks can
be changed and that such changes can produce a change in
ease of learning. Having shown evidence for this claim in
cognitive research conditions, we will explore its fate when
embodied in the curriculum.

Istomina (1975) compared the performance of preschool
children on a test-like version of a free recall task and the
same task embedded in a role-playing game of being sent to
a make-believe store for a list of items. In both versions, the
child wants to do what the experimenter tells him to do-he
tries to remember and reproduce the list of words. Activa-
tion of the 4- and 5-year-olds' still-crude memorizing opera-
tions was greatly facilitated by the play situation. They
learned and remembered more in the same amount of in-
structional time.

Young children have long been thought deficient in
their ability to keep the location of objects in mind. The
basis for this conclusion was decades of research on delayed
responses: an object is hidden in one of several boxes, and
children are required to search for it several seconds or a
few minutes later. DeLoache and Brown (1979) repeated this



experiment with 2- and 3-year-old children in their homes.
Instead of a piece of candy, children's favorite toys were
hidden under a piece of furniture. Under these conditions,
children would remember the location of the hidden object
for at least 24 hours, the longest interval tested.

Margaret Donaldson (1978) and her students addressed
the presumed inability of small children to take account of
another person's visual point of view. In the original re-
search on the problem by Piaget and Inhelder (1975), chil-
dren were required to identify pictures representing a dif-
ferent view of a model of three mountains. Not until age 10
or 11 does this task become accessible to children.

However, perspective taking ability has been shown to
be present for recruitment into problem solving by very
young children in the right circumstances. Donaldson ar-
ranged for the model to represent toy children hiding from a
toy policeman. The model was so arranged that only by tak-
ing the 'policeman's point of view could the child-subjects
know where the toy children should hide. Four- to five-
year-olds succeeded at this problem even when they had to
coordinate the points of view of two policemen, whose views
of the scene were different from their own. Thus, when the
purpose of such perspective taking was made accessible to
the youngsters, they managed to succeed at tasks hitherto
thought beyond their capacity.

Recontextualizing in a Curriculum

The potential for recontextualizing tasks does not have
to be limited to classical problems in the developmental
literature or to very young children. Beneficial effects of re-
contextualizations have been demonstrated to occur with
older populations (especially university students) who were
trying to achieve solutions to syllogistic reasoning problems
(D'Andrade, 1981; Johnson-Laird, Legrenzi, & Soni~o Leg-
renzi, 1972). Rather than review these results, WhICh are
widely known and have entered the main body of scholar-
ship involving cognitive factors in education, we will review
two projects that could provide for recontextualization of
tasks outside of experimental conditions and in the educa-
tional domains especially relevant to this report-science
and computer technology.

The computer program Dynatrack (diSessa, 1982, 1984)
can playa role in arranging for the recontextualization of
physics learning by providing for its embedding in a larger
activity. In high school or college sciences courses, students
are expected to learn that there are physical laws governing
the motion of physical bodies. In Dynatrack, the student en-
ters a micro world where some physical laws do not hold. It
is a very simple program. The player is represented on the
screen by a small object; the goal is to move around a cir-
cular track; at first, the player, not applying the proper
physical laws, loses control and crashes into the barriers of
the track; eventually, the player's actions become coordi-
nated with the particular physics of the Dynatrack world.

Playing Dynatrack by itself is not the recontextualiza-
tion; rather, including Dynatrack in a curriculum aimed at
teaching and learning physical laws is the recontextualiza-
tion. If experience with Dynatrack is organized so that ob-
servations about the experience in the special world can be
related to observations about the ordinary world we live in,
as well as to the experience of learning physical laws and
the computation of their explanation, then experience with
Dynatrack can be an activity that provides for the recontex-
tualization of knowledge in a standard physics curriculum.

A great deal of recent work in cognitive science (e.g.,
Gentner & Stevens, 1983) demonstrates that the mental rep-
resentation of problems held by experts in a domain like
physics appears to be holistic and to involve qualitative
reasoning; the final specific computation is simply a verifi-
cation of the answer. Experts do not start their work on
problems with computational procedures, but beginners and
low performers do attempt to start with computations. The
problem for the educator is to discover how to provide a
beginner with something like an expert's viewpoint, a ho-
listic framework where qualitative reasoning can be sup-
ported. Dynatrack, and programs like it, can contribute to
providing experience with the world of physics that can
complement and provide a productive organizational
framework for the procedural steps that students are taught
in current curricula (Heller & Reif, 1984).

A final example, from Japan, involves a book for the
general public. The LOGO Handbook (Miyake, Honda, Tan-
aka, & Nakano, 1984) is intended for adults learning LOGO,



a programming language. The six chapters cover the crucial
aspects of the language; the book, and the approach to teach-
ing/learning, mixes LOGO with rich reference to life in
Japan.

In the first chapter, a well-known and loved poet's work
is analyzed, and learners have their initial LOGO lesson
while mimicking a part of the process of juxtaposition that
the poet uses to create his art. The learner begins with a full
and interesting program, focusing on characteristics espe-
cially important about LOGO, i.e., in contrast to first learn-
ing "Forward" (as most LOGO curricula encourage), these
students learn "First," "Last," "But first," etc., the commands
that embody the sophisticated nature of the LOGO language.
The book helps to create an activity system that mixes
poetry and the programming language, creating an environ-
ment for learning very advanced features of the program-
ming language very early in the instructional sequence.

Another example of the richly contextualized learning
approach is apparent in the treatment of recursion. Here, a
narrative about an everyday event is told in two versions,
and the learner can create dialogue for a scene in each nar-
rative with a LOGO program. The two LOGO programs that
are produced provide a minimally contrasted set, in which
tail and center recursion are the elements contrasted. The
basic schema for the story is the opening of an after-school
school (a juku) for learning English; a person is trying to
teach but must also answer the phone in case there are new
pupils wishing to enroll. In one version of the story, a calm
teacher asks a question, gets interrupted by a phone call,
gets the answer from a student and evaluates it, and then
asks the next student the same question. Tail recursion is
used in the program for this version of the narrative. In the
other version of the story, a very opposite sort of teacher is
the lead character; this teacher asks a question, gets inter-
rupted by a phone call, asks another student the question
and so on, until at the end there is a raft of student answers,
in the opposite order from which they occurred in ·the prior
story. The program for this version uses center recursion.
Again, the focus on a very important feature of the task
domain (recursion) is embedded in a context that is rich
with cultural understanding and, here, whimsy.

The sophistication of the cognitive activities promoted
by these unusual experimental and instructional procedures
cannot be denied; moreover they are precisely the "basic cog-
nitive activities" (holding information in memory, building
structured representations for later use, comparing perspec-
tives, learning physics, learning programming) that are re-
levant to achieving basic technological literacy, the central
concern of this review. Evidence indicates that changes in
the context of the logical task structure change the cognitive
task itself, making available otherwise untapped cognitive
resources which subjects/students can bring to re-
searchers/educators for purposes of instruction.

Research on the educational status quo may show that
some things are very hard to learn (cf. Pea & Kurland, 1984,
regarding recursion in LOGO) or that some things take a
long time to learn; but, when such research relies on the as-
sumed normative contextualization of the tasks, it may be
seriously misrepresenting the problem. The work described
above suggests that a fundamental way of changing the re-
quirements for success on a particular task is to recontex-
tualize the task as presented to, and understood by, the
learner. In all the sample cases, the subject is initially
presented with the activity-the whole task-embedded in,
contextualized as part of, some larger activity. For the sub-
jects themselves, the recontextualization involves familiar
scripts and human intentions. Aspects of the concentric cir-
cles in Figure 1 influence how the task is perceived by the
learner and/or the motivation with which he/she tackles it.

We do not expect that recontextualization of academic
tasks and of assessment will make the problems of education
disappear. Rather, we expect that innovation at this level of
the context, in concert with innovations in the social organ-
ization of lessons and in school-community linkages, will
provide educators with more fertile ground for effective ed-
ucational action. A recontextualized task can give the in-
structor something more to take advantage of in instruc-
tional sequences.



4 • The Classroom
• Level

Of these four factors, the first can be related to the
"context rich" instruction/assessment described in section 3
above' the recontextualization strategy might as easily be
described as increasing the efficiency of the teach-
ing/learning context as reducing the time needed to learn.
The second factor is at the level of the school and beyond
and will be addressed in subsequent sections. Recent devel-
opments in the implementation of time-on-task research
have understandably concentrated on the third factor, mana-
gerial improvements, focused on categories such as classroom
discipline and decreasing interruptions, because they can be
quantified within the standard, context-free framework. (Cf.
Purkey & Smith, 1983, for a critical review of the spate of
studies on effective schools showing the pervasiveness of
managerial improvements in another aspect of educational
research.) This section is about the fourth strategy, increas-
ing the amount of active, engaged learning time.

A great deal of research is relevant to ways in which
reorganization of classrooms changes the quality of educa-
tional performance at the level of the lesson. After review-
ing the factors producing increased effective learning time
and student achievement, Harnischfeger and Wiley (1981)
summarized their conclusions as follows (with numbers
added for easier subsequent reference):

There are only four ways to increase
achievement. One (1) is via a reduction in time
needed to learn. All of the others depend upon
increasing active learning time. These latter
three routes consist of:

(2)-increasing the total amount of time which
is allocated to learning,

(4)-increasing the amount of this allowed time
which pupils actively devote to learning.

One of the obvious ways to change the management
climate of a classroom is to manipulate class size. More is
learned ill smaller classes. Based on the exhaustive study of
data on nearly 900,000 students, Glass and Smith (1978) con-
cluded that student achievement increas(:s as class size de-
creases, especially when class size goes below 20.

The policy implica tion would appear clear: decree that
all classes will be smaller than 20 students and more effec-
tive education will result. Although there may be no objec-
tions to such a solution in principle, in practice it means
money, a lot of money, and probably more space as well.
Since all sectors of society are being asked to spend less
public money, not more, giant increments of funds to pro-
duce smaller classes are not likely. The challenge for re-
search is to point the way to reorganizing the process of ed-
ucation that remains more or less within spending con-
straints, as they vary with the political and economic cli-
mate. Currently that means coming up with suggestions for
change that do not entail greatly enlarged budgets-an al-
most free lunch.

(3)-increasing the portion of that allocated
time which is actually allowed for learning, and

The last of these routes (4) is solely influenced
by a teacher's effectiveness in monitoring and
maintaining pupil pursuits via surveillance and
teaching interchanges with pupils, which moti-
vate or coerce them to spend more of their time
actively learning. Increasing the proportion of
allocated time which is actually allowed or used
for learning (3), on the other hand, is primarily
achievable via managerial improvements, both
intra- and inter-task. And direct increases in al-
located time (2) are entirely the outcomes of
proced ural and curricular policies of districts
and schools. (Harnischfeger & Wiley, 1981, pp.
30-31)


