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We have all read the ads for the products of educational software publishers:

"Announcing a breakthrough program
for helping students learn
to read and write..."
"I ’aced’ the testl..Thanks to my teacher and Skills Bank."

"Science teachers: we have the Apple program for you."

Should schools use computers and computer programs like these to help students
learn traditional academic content? For which students and subjects are computers a
helpful learning medium, and which instructional approaches using what sof tware piyvide
appropriate learning activities and content to meet existing curricular geals? With
schools spending perhaps one-fifth as much on computers and their associated software,
training, and extra staffing as they do on all bonks and other instructional materials

combined, these become important questions.

Research about the instructional effectiveness of computer-based programs has been
going on for more than two decades. Yet, on what evidence do we base our
recommendations to invest or not to invest in computer-related approaches to providing
instruction? What can we say that "research has shown"? This paper will examine some
of the research on computer-based instruction for the major academic subjects in the
elementary and secondary grades. It considers three varieties of empirical data -~
surveys of computer-using teachers, school district program evaluations, and experimental
field studies. We review particular studies and their findings primarily to assess the
value of research in the ficld in general. In the last section, we propose a model for
expanding the empirical basis of our conclusions about the impact of computer approaches

on academic achievement.



Survey Data

The least costly and least complex way to find out how computers have affected
learning is to ask computer-using teachers what they believe the impact of computers has
been in tneir school. On two occasions, in 1983 and 1985, I did that -- fielding two
surveys in more than 4,000 schools nationwide. The surveys could not test improvcmcnts‘
in students’ actual achievements. Nor could we compare students’ achievements in
classes using computers with those in similar classes providing traditional instruction on
the same content. But we could mecasure teachers’ perceptions of the effects of the use

of computers at their own school and in their own classes.

The validity of these teachers’ judgments varies -- some erring toward over-
skepticism; others, toward over-enthusiasm. But by looking carefuily at the data (for
example, by paying more attention to relative perceptions across different outcomes) we
can extract clues about how learning in typical classroom settings has been most affected

by computers and how it has been least atfected.

In the most recent survey, done two years ago and involving roughly 8,000 teachers

and principals, computer-using educators saw significant benefits occurring mainly in four

areas: student motivation, student cooperation and independence, opportunities for high-
ability students in programming activities and in other higher-order thinking and writing
skills, and oppportunities for low-ability students to master basic math and language arts
skills. Nevertheless, the promise of computers was not yet seen as being fulfilled for
average students, for diagnosing specific instructional needs, for systematic

individualization of instruction, nor for improying most learning of facts and concepts.



Specificaliy, the teachers saw computers as primarily helping students to enjoy their
school experience more and motivating them to pay attention to academic work. Four
out of ten believed that student enthusiasm in school subjects for which they used
computers was "much improved" because of computers. Teachers and principals also saw
computers giving opportunities to special populations -- gifted students and learning
disablzd. But they were much less sanguine about actual learning of traditional academic
content. Only 7 percent of the schools’ primary computer-using teachers believed that
learning in regular school subjects by "average" students was "much improved" because of

computers.

Not surprisingly, learning outcomes were viewed as having been more greatly
affected in schools with more computers, although the correlations were quite modest, in
the .10 to .20 range, probably because of the unreliability of the single-item measures of
perceived outcome. In addition, there were correlations of similar magnitudes between
how computers were used at the school and the teacher’s perceptions of the computer’s
impact on different aspects of student learning. A higher proportion of school computer
time spent in word-processing activities was associated with more perceived learning by
above-average and average high school and middle school students. A higher proportion
of time spent in drill-and-practice activities was associated with an increased perception
that average students in the middle grades and below-average students at all grade levels
were learning more. On the other hand, the proportion of school computer time being
spent on computer programming was not positively associated with any perceived learning

outcomes that were measured (Becker, 1986b).
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But what are we to make of these teacher and principal perceptions? The large and
representative sample sizes -- essentially hundreds of times the number of schools,
teachers, and students on whom data is gathered in typical evaluation reports or field
experiments -- lend plausibility to the findings. External validity is substantial. And
even with imprecise Mmeasurement and individual differences in objectivity, comparisons
among types of schools (e.g., according to how they use computers), as well as
comparisons of ‘lifferent perceived outcomes, are likely to provide fair and valid data
about relative differences in impact across schools or outcomes. But because surveys are
such high-inference measures of behavior -- let alone of cause and effect relationships

("..how much impact have computers had..?") -- even unbiased perceptions at each site

produce limited evidence about actual effects and effectiveness of instructional programs.

To more accurately assess these effects, we must turn to more rigorous
methodologies. In particular, we need to examine studies that contrast the achievements
of students who have been using computers with those of students who have not. We
have dozens of such studies -- evaluations of specific instructional programs undertaken
by program developers themselves, school district evaluations of ins¢ructional technology
programs implemented on a grand scale throughout the district, and doctoral dissc/rtations
reporting specific cxpc.rimcnts, generally in a few classrooms, but often in fairly typical
school settings. The next two sections of this paper address the question, "What do
these program evaluations, dissertations, and other studies tell us about how computer

use is affecting children’s learning?"




Effectiveness of Computer-Assisted Instruction: Research Reviews

Research about the effectiveness of using computers in instruction has gone on
since the mid-1960’s, and attempts to abstract the major conclusions from these studies
began in the exrly 1970’s (Visonhaler and Bass, 1972; Jamison, Suppes, and Wells, 1974;
Edwards, et al., 1975; Hartley, 1977; Thomas, 1979; Burns and Bozeman, 1981). Lately,
reviews have primarily besn reviews of earlier reviews on the subject rather than reviews
of more recent original investigations (e.g., Hasselbring, 1984; Okey, 1985; Stennett,
1985). However, two groups of researchers have conducted a series of meta-analyses,
attempting to statistically summarize central tendencies by actually examining the original
program evaluations 'fmd experiments that most reviewers have not looked at for years
(Kulik, Bangert, and Williams, 1983; Kulik, J., Kulik, C-L, and Bangert-Drowns, 1985;

Bangert-Drowns, Kulik, J., and Kulik, C-L, 1985; Niemiec and Walberg, 1985).

Most reviews and meta-aralyses have concluded that computer-assisted instructional
programs studied in the 1960s and 1970s were generally more effective in raising
students’ scores on standardized achievement tests than alternative approaches. Less
systematic computer activities (e.g., simulations, problem-solving tasks) aimed at affecting

higher order thinking skills have had a more mixed evaluation in these reviews.

However, an absolutely remarkable fact about this entire literature is that 99
percent of the studies that it draws upon employed computer systems, software, and
social organization of computer implementations that characterize, at most, one or two
percent of all of the instruction on traditional academic subject-matter using school

computers today.



The most obv.ious distinction between the instructional environments in which this
research was undertaken and the environments in which computers are used for school
instruction today is in terms of the hardware in use. Microcomputers -- stand-alone
desk-top computers --first began entering substantial numbers of schools in 1682.
Between 1982 and 1983, the proportion of schools with microcomputers doubled from
about 25% to slightly over 50% (Becker, 1983, calculated from Fig. 1). By 1985, the
proportion of computers in use in schools that were NOT microcomputers was down to
4%, and two-thirds of those were at high schools where computer programming activities
predominated. Yet all but two of the more than 200 studies contained in the Kulik, et
al. and Niemiec and Walberg meta-analyses were published prior to 1983. Even more
significantly, studies involving microcomputers constitute.only one out of 64 studies in
the two most recent Kulik, et al. reviews and only two out of 224 studies in the Niemiec

and Walberg meta-analysis.

It is true, at a general level, that much of the instructional use on school
microcomputers resembles the routine drill-and-practice that characterizes computer
activity on the centralized, multi-terminal systems on which the early research had
focused. As of 1985, roughly one-half of all activities on school computers, other than
computer programming, involved drill-and-practice and tutorial computer-assisted
instruction in math, language arts, and other subjects (Becker, 1986a). However, schools
employ a much greater variety ¢f cemputer activities than in the days before
microcomputers --for example, word processing occupies at least 15 percent of ail student
computer time -+ and the entire instructional climate is likely to be vastly different even

for the routine C.A.L undertaken on school microcomputers.



Schools’ acquisition of microcomputers and the organization of their use are vastly
different from the patterns by which centralized computer systems and complete packages
of computer-assisted instruction were bought by school systems and evaluated in the
studies which comprise the vast majority of those reviewed to date. With
microcomputers, decisions about when students should use computers, how to link their
use with other instructional activities, which software to use, and how to coordinate use
‘of computers among different classes and among students within a class have been
teacher decisions and schoal-level decisions, with the outside intervention of no more
than a single district computer-coczdinator or subject-matter supervisor. In contrast, the
earlier implementations were central office administrative decisions, and the protocols for

using software were part of the package that the school or school system bought into.

Features of the hardware also are likely to affect climate, and perhaps student
learning as well, in different ways. For example, most microcomputer implementations
involve the "floppy shuffle.” In only a small minority of instructional use (under 20
percent) are microcomputers linked to a central source for supplying instructional
programs -- a "network.” In the vast majority of cases, each student’s computer must be
"loaded" with the appropriate software. And most comprehensive instructional packages }
(e.g., a mathematics series) involve many different diskettes, each of which has to be ‘
appropriately selected and loaded. The use of individually selected media for each
student station is one example of how the mechanics of using computers for instruction |
is very different with microcomputers than with a single, centralized computing facility.
In this one respect, microcomputers may be a step backwards from the older mini-

computer-based systems, and may produce less ef fective results.



In other ways, though, microcomputer-based software and systéems may resuit in
more favorable outcomes than those observed in older studies. Schools may now have a
much greater variety of software available than in cases where they bought into a single
instructional package. They certainly have hundreds of times as many products to select
from. Iastructional quality may vary, but it is iikely to have varied as well among the
earlier large computer-based systems, and the wider market is likely to have a beneficial
impact on instructional quality over the long run. In addition, the motivational
characteristics of the microcomputers, with their much more sophisticated and colorful

graphics, may have important consequences for student learning and performance.

In addition to being outdated, the existing literature about the effectiveness of
computer-based instruction suffers from methodological problems. The earlicst research,
reviewed, for exaraple, in Vinsonhaler and Bass (1972), explicitly dealt with instructional
programs that wer¢ SUPPLEMENTARY to the instruction and practice afforded to
students in the control treatments. Thus, allocated time was not held constant between
students practicing skills on computers and students not using computers. One instance
of unequal time allocation in these early studies cited by Clark (1985) was that of
Suppes’ experiments in the 1960's. Schools where students were provided 10 minutes
additional practice time using computer-assisted drills scored significantly higher on post-
tests than a control nert given the extra time. However, in one school the principal saw
to it that control classes had an additional 25 minutes of practice time using :raditional
workbooks, and in that experiment, the control students cutscored the students in the

computer-based treatment (Suppes and Morningstar, 1969).

On the other hand, Kulik, Kulik, and Bangert-Drowns (1985) found no difference in

effectiveness between 16 studies of ciementary school computer use where the computer




treatment nrovided extra time and 12 studies where it did not. If computer-based
programs are cffcc.tiv'. uses of time, it seems reasonable to expect that they would be
even more effective when they represent an increase in the time devoted to a subject-
matter over a traditional approach. Perhaps other factors were artificially raising the
effects found for ALL of the studies, regardless of what specific implementation was

occurring.

Clark, re-analyzing a sample of 42 of the stu.i*s analyzed by the Kulik group,
found problems with three-guarters f the research designs of the studies included in
their meta-analyses (Clark, 1985). In addition to unequal-time, Clark identified several
other problems: -- disproportionate attrition from the experimental group, non-random
assignment of students to treatment, absence of comparable instructional content supplied
to the students in the control treatment, and possible teacher quality differences between
compuier and control treatments. The Kuliks/Bangert-Drowns 1985 papers, however,
recognized problems of implementations such as those cited by Clark but approached the
issue by calculating measures of effectiveness ("effect scores") under varying conditions -
- for example, where the same instructor taught both the computer and the control
classes, and where the instructors were different. Kuliks/Bangert-Drowns generally find
small differences in effect sizes between studies conducted under different conditions, but
Clark’s re-analysis finds much more substantial differences using a sample from the same
data base. Clark, for cxample, suggests that the effect of using comnputers is reduced to
roughly 25% its origina: size when only studies using the same teacher for both computer

and control treatment groups are considered.

Certainly, it is worth someone’s time to clarify the results of these early C.A.L

studies done on terminal-using centralized computer systems. But, given the predominant
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attention that schools are giving to microcomputer-based approaches, it would seem more
important to evaluate evidence from more recent studies, particularly those using
microcomputers and microcomputer software. Have there been such studies, and what
conclusions can we draw from them? The following section reports an initial effort to

examine this emerging literature.

Effectiveness of Computer Approaches to Instruction: Recent Studies

Meta-analytic procedures have become the most common method for summarizing
findings from existing research on the impact of computer-based approaches on student
learning. In meta-analysis, all identified studies meeting some often vaguely described
minimum criteria contribute equally to a common statictical measure of tne differential
effectiveness between two approaches to instruction (e.g., computer-based and
‘traditional’). Meta-analysis has been criticised in general (Slavin, 1984) for providing a
distorted synthesis of research findings because the least adequate research designs are
often systematically biased in the direction of finding favorable effects for one of the

contrasting treatments.

An alternative approach, called the "best-evidence synthesis," uses as a part of its
analysis the "effect size” statistic that meta-analysis uses to link studies otherwise
reporting non-comparable statistical measures. But best-evidence synthesis differentiates
among studics meeting common minimal "search” criteria -- and pays correspondingly
niore attention to studies with the highest quality rescarch designs and most

substantively relcvant (Slavin, 1986).
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This paper reports the beginnings of a best-evidence synthesis on the effects on
children’s learning.of computcer-based instructional programs. A search was begun for
empirical research about the effects of computer-based approaches on basic curricular
categories of learning (math, ianguage arts, writing. science, etc.) in grades 1 through 12.
We limited the search to reports produced ~ince 1984 and including achievement measures
as outcomes. Studies using mini-computers were included as well as those using

‘microcomput-:rs, mainly to see whether they still dominated research reports. Requests
went out to school district research personnel in over 100 districts for studies done in
their districts; the ERIC/Education Index on-line data base was searched as was
Dissertation Abstracts. References and personal contacts led us to other sources.
However, not all items meeting cur initial criteria were obtained, as it was clear that

more rigorous criteria were necessary.

The 51 reports that were obtained included 11 dissertations, 13 reports of school
district evalutions, 15 published articles, and 12 uapublished papers. Forty-five were
done using microcomputers, and six using mini-computer systems. Of the 51 studies, 11
had no comparison group, and measures of effects were limited to over-time gains on
standardized achievement tests. Such reports are not necessarily of no value, and we
have put these aside for further scrutiny, but for the present we narrowed our search to

research designs that contained comparison groups.

Of the remaining 40 studies, 8 were excluded from consideration because the studies
did not employ pre-test controls in their analysis AND neither classes nor students were
randomly assigned to computer vs. traditional instruction. Lacking both pre-tests and

random assignment, it was impossible to equate the two comparison groups in any way.
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Seven studies were removed because the treatment period was shorter than eight
weeks, and the study therefore measured tae cffectiveness of 3 very limited intervention.
Finally, we chose not to consider 8 studies involving fewer than 40 childrea >r where
each treatment involved only a single class of students and thc experimental and control
classes were taught by different tezchers. Extremely small samples require massive
effects to be statistically significant, and, when significance limits are reached, there is
a strong likelihood that factors other than the explicit treatment variable are responsible.
For example, if two teachers with differentially effective teaching styles or teaching
skills each teach only one class in a study, their "teacher effect” would be confounded
with the method -- computer- or traditionai-instruction -- that they used. Even having
two or three teachers per method only allows us to draw tentative conclusions about

method effects.

What about the major element of experimental design -- random assignment?
Random assignment of individuals to treatments is of course difficult to accomplish in a
school situation. Indeed, of the 17 remaining studies, only one (Hawley, Fletcher, and
Picle, 1985, described in Table 1) accomplished this true experimental design. Six more
(also described in Table 1) were able to randomly assign intact classes of students to
alternative computer- and non-computer experiences. Even that level of randomization
would be powerful if sample sizes were large -- say a dozen classes in each treatment.
But the largest study of the seven that did any randomized assignment at all (Reid, 1986)
involved only 6 classes per trcatment, and those were spread among grades | to 6 and
apparently involved a control group that may not have been appropriate for a comparison
of "computer" vs. "non-computer” approaches. Only one study with a class-level
randomized control group had as many as four classes at the same grade level using

computers for subject-matter lcarning (Turner, 1985).



In the absence of random assignment, researchers employ procedures for identifying
a "matched samplc': of students or classes in the same or other schools. Some of these
non-random comparison groups seemed mere appropriate than others. For example, in
four of the ten reports, matching (or luck) produced comparison groups whose pre-tests
were quite close to those of the computer treatment group (within .25 standard
deviations). But in other cases, either no data was presented by which one could judge
the pre-tcst achievement differential or pre-test means differed by enough that even
equating by covariance analysis may be insufficient. The "better"” non-random pre- and
post-test studies are listed in Table 2. Those with more problems in design or

presentation are listed in Table 3.

Effect sizes shown in the tables and discusszd in the text below were calculated,
where possible, from pre- and post-test means and control group post-test standard
deviations reported by the researchers. The effect size indicates the differential gain on
the achievement criterion between the experin. _.tal group and the control group,
expressed as a proportion of the control group’s standard deviation. Thus, it is a
measure of association between treatment and outcome. Only one study that was
reviewed included calculations of effect size. Studies instead focused on tests of
statistical significance, which are largely irrelevant for large studies and which can
identif y only huge treatment effects in small studies. Effect sizes of .4 or .5 are
substantial, often indicating a doubling of achievement gains between the two groups.
Even effect sizes of .2 or .3 are certainly valuable, if consistently realized. But to
achieve statistical significance for an effect size of .2, one requires more than 150
students (S to 7 classes) per treatment; for an effect size of .4, at least 50 students (2
classes) per treatment. And that ignores the implications of clustered sampling of intact

classes, which would raise the minimum sample sizes still further. So it is unfortunate
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that most studies fccus on statistical significance, and sometimes make it difficult to

obtain accurate 2ffect size estimates.

Studies with Randomized Assignment

As noted above, only one study, by Hawley, Fletcker, and Piele (1986), was
"identified where students were randomly assigned to classes which were in turn randomly
assigned to treatments. In many other ways, this study is representative of the non-
district wide, microcomputer-based studies in Tables 1 through 3. It focused on
mathematics instruction in the elementary grades (grade 3 and 5). It used a popular off-
the-shelf software package (Milliken Publishing’s Math Sequences) but not an externally
orchestrated instructional program. The period of instruction between pre- and post-
tests occupied between one semester and one full school year (4 months, in this case).
And it was quite a small study -- only one classroom per grade level per treatment and

four classes in all, all at one school.

Interestingly, the study occurred in Canada, in a small Saskatchewan town, among a
very modal student population. Students in the computer class used computer drills for
roughly 50 minutes per week (in 12 minute sessions). They also did paper-and-pencil
math drills, but only for two-thirds the time of the coatrol group classes. Both
computer and control classes had the same amount of math instruction and in this study,
as in only one or two others, the same teacher taught mathematics to both the computer
and control classes at the same grade level. Six computers were available for each
computer-using class -- a 3:1 ratio of students to computers -- and the computers were

located in the classroom. Students took turns using computers individualiy.
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In all, the study represents what might be a fairly typical instance of using

computers for elementary school mathematics, and because it is well-designed, except for

its small size, its results could have generalizability to many other school situations.

What did the study find? Both third and fifth grade computer classes made greater gains
on a standardized achievement test (a Canadian adaptation of the Iowa Test of Basic
Skills) than did control classes. The effects for third grade students were jargest on the
computation sub-scale and the effects for fifth grade students were largest on the
problem-solving and math concepts sub-scales. But effect sizes were positive for all

three sub-scales for both grade levels, although each of the three sub-scales had
statistically significant differences in gzin scores for one but not both grade levels. The
overall effect size for the third grade was +.48 and for the fifth grade, +.31, indicating
gains over a four-month period of roughly one-half and one-third of a standard deviation
more than the control group’s gains. This study also evaluated cost differentials and

found the program to be cost-effective as well.

Of the six studies randomly assigning treatments to intact classes, the one involving
the most students was a comprehensive typing, reading, and language arts program that
has National Diffusion Network approval (Reid, 1986). This study, done after N.D.N.
approval, was conducted by the developers of the instructional program in a high-
achieving suburban Salt Lake City school district that is the State of Utah’s model
district for computer-based education. All elementary schools had computer laboratories
of 20 or more Apple microcomputers linked in a local area network. The control class in
this study "spent equally as much time on the computer as the treatment groups.”
However, it is not clear whether their reading and language arts instruction involved
computers or not. As was typical in many of the research reports reviewed, thc_rc was

no description of the instructional process given to the controi classes.
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The instructional program provided in the computer treatment, called "Basic Literacy
Through Microcom_putcrs," involved heavy emphasis on typing skills, teacher-led oral
activities with computer programs, and rapid recognition of words flashed on the
computer screen. The teacher and class apparently went to the school’s computer lab
together for the instruction. Each student spent 30 minutes per day (2 hours per week)

using the programs. The evaluation covered a 4-month period.

The study reported on covered all six elementary grade levels (1-6) split among two
elementary schools, and thus involved only a single classroom per treatment at each

grade level. Control classes came from the same pair of schools. In a majority of cases,

standard deviations). To compensate, we report mean effect sizes for pairs of grades --
Ist and 2nd; 3rd and 4th; and 5th and 6th, and combine reading and language test scores

(Metropolitan Achievement Tests).

The effect sizes for data reported from this study are huge. The overall average is
+1.00. The effect is largest for the lowest grade levels, but all two-grade means are
above +.8. Poorly performing control group classes contributed somewhat to this effect.
They gained less than the norm population did. But the computer classes made nearly
four times the mean gains of the norming population, adjusted for the time period
between tests. This study certainly is worthy of a validation in a more typical setting,
involving a clearly described control group experience and conducted by researchers not

connected with the program developers.

The remaining studies in Table 1 had at least one problem that detracts from the

strength of their conclusions. The dissertation by Turner (1985) focused on differences

the classes at the same grade level had substantial differences in pre-test scores (over .5
16
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between paired and individual computer-assisted-instruction mathematics practice at the
3rd and 4th grade .lcvcls. Twelve classes wer¢ randomly assigned to paired use,
individual use, or control -- no computer use; thus there were 2 classes per treatment
per grade level. Teachers were rotated among the treatments so that all teachers taught
classes of each type during the study. However, the total computer experience was
rather brief. Although the study lasted 14 weeks, each student or student pair
apparently had less than 10 hours’ use of the computers (fifteen minutes cvery other
day). Both paired and individual C.A.L users gained marginally significantly more than
the control classes (and not distinguiskably from each other). An effect size could not
be calculated, because standard deviations reported were standard deviations of gain

scores rather than of the test score distribution.

The "computer immersion" project reported by Ferrell (1985) evaluated a method in
which two classes of 6th grade students used microcomputers for mathematics drills for
40 minutes per day (roughly 3 hours per week) over a 6-month period. Two classes in
the same middle school and taught by the same teacher served as controls. Classes were
randomly assigned to these treatments. Twenty-siz computers were housed in the
teacher’s classcoom. Students us~d a variety of drill-and-practice software, primarily
S.R.A. math drills and D.L.M. "arcademics”" game drills. The researcher found a
statistically significant difference in test scores (using the previous Spring’s score as
pre-test covariate) favoring the computer classes. But she rejected the idea that her
results had practical significance saying that the difference amounted to only 1.9 answers
on the post-test. However, the practical impact depends upon the standard deviation on
that test. If it was as low as 5 questions, that difference is equivalent to an effect size
of .4 -- comparable to impressive results from other "successful" C.A.L evaluations.

Standard deviation data were not reported by the investigator.
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One other study in Table I dealt with mathematics. In this case, the focus was on
logical problcm-sol_ving skills (Melnik, 1985). The computer programs used gave students
practice with logical thinking and decision-making (Code Quest and The Factory, by
Sunburst). This experience was contrasted to a direct instruction program that cxplicitly
emphasized solving ;nathcmatics word problems and to an "untreated” control group. The
outcome measure (pre- and post-) was the applications sub-scale of the Stanford
Achievement test. Fifth grade students in an ethnically mixed suburbar Chicago district
participated -- two randomly assigned classes using computers and two in each of the
other two treatments. Ten weeks of instruction separated pre- and post-tests, with the
computer exposure amounting to one hour per week. As with other small studies, pre-
test dif ferences between groups can arise in spite of random assignment. In this case,
the control group started out at least one-third a standard deviation higher than the
other two. That was the only treatment that did not experience a substantial gain on
the Stanford test. The effect size for the computer vs. control treatment comparison
was +.45. There was no difference, however, between the computer approach and the

word problem approach.

Two of the studies in Table 1 concerned the computer’s effect on writing quality.
One (Welzel, 1985) had some appropriate design elements: four randomly assigned classes
per treatment (but spread among grades 3 through 5); 15 weeks in duration; a specifically
planned 8 week sequence of writing activities following a 3-week keyboarding skills
training program; and blind holistic scoring of writing samples (control classes’ essays re-
typed on a dot-matrix printer to resemble the computer treatment classes’ work).
However, writing practice time was not held constant. In one control class, the teacher
emphasized writing across the curriculum, and the students did a substantial amount of

writing; in the other three control classes, the language arts program involved writing no
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more than once every two weeks. Also, the computer-using classes only used the word
processing program (Bank Street Writer) for 15 minutes, twice per week -- not a
substantial writing experience. And the pre-test results of the computer classes may
have been substantially affected by having been done on the computer, after only three

weeks of typing experience. Effect sizes averaged -.10 for two different writing samples.

For the other writing study in Table 1 (MacGregor, 1986), we have only limited
data, although we did not obtain the complete report of the study. Four sixth-grade
classes were randomly assigned to one of three computer and one control condition. The
computer groups varied according to paired or individual assignment and whether
additional pre-writing software (Random House Story Starter) was used in addition to the
word processor (Scripsit on the TRS-80). The study lasted 10 weeks, but it was unclear
how much time per week the students wrote on the computer (30 minute sessions, using
the two computers available in each class). The writing experience in the control group
classes lasted equally as long as the computer groups’. The researcher reported only the
result of some significance tests, which were generally reported o be positive and
significant (p<.05). However, no details were given in this particular summary of the

study.

Studies With Comparison Groups But Without Randomized Class Assignment

Several of the microcomputer-based studies in Tables 2 and 3 are worth commenting
upon. Two of the studies in Table 2 used interesting designs. Ash (1985) employed a
cohort design in which student records for non-Chapter I students in the fifth-grade of
one elementary school were identified for four years running -- for the two years before

math instruction employed computers and for two during the computer-based program.
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Fourth and fifth grade CAT scores were used to compute gains in mathematics
achievement., The C.A.L. was supplementary, though, representing an addition of 40
minutes per week on mathematics instruction. Chapter I students were removed from the
analysis because during the pre-computer period they had received additional mathematics

instruction.

Teachers and a lab aide were present in the computer lab while students worked at
a variety of math software including some mathematics programs from Sunburst, S.R.A.,
Milliken, and C.D.C. Plato (programs converted to microcomputer use). Data for 51
students involved during the two-year computer program were compared with data for 71
students from the previous two years. Gains on the computation sub-test of the
California Achievement Tests were slightly less for the cohorts using the computer
(ES=-.16), but gains on the concepts and applications sub-test were substantially higher
(ES=+.99). The cohort design is called into question only because a much larger fraction
of the fifth grade cohort was excluded during the computer years than in the pre-
computer years (50% vs. 33%). However the pre-tests for the two treatment populations

were nearly the same.

Another supplementary C.A.L program was reported by Todd (1985) in a study of
reading and math programs for fourth graders. In this case, different students received
C.A.L reading than those who received C.A.l. math, and each group then served as the
control group for the other. All fourth grade classes in four schools participated (N=241)
making this one of the larger microcomputer-based studies in the set. Pre-tests showed
that the groups were comparably matched. The students received 15 minutes per day
additional time in the subject for which they used computers (one half-hour when pairs

were used) -- or 33 hours total during the year. Educational Activities’ Diascriptive
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Reading program was used for the C.A.L reading treatment and Milliken Math was used
for mathematics. '}'hc investigator reported a number of logistical and technical problems
with the reading software which may have been responsible for the negative effect
produced on achievement gains in reading (ES=-.31). However a substantially greater
attrition rate in the mathematics group than in the reading group (25% vs 13%) may have
played some role. The mathematics achievement data was partly garbled in the report, so
only effect sizes for problem-solving and computation could be computed. Those turn out

to be +.08 and +.29 respectively.

The largest known study of the effects of microcomputer-based approaches to
instruction is among those listed in Table 3. This is a statewide evaluation in Arkansas
covering 22 school districts in grades 4 to 6 (McDermott, 1985). In this study, called
"Project Impact,” data are provided for literally hundreds of classes using one of several
categories of computer-based instruction: C.A.L using stand-alone Apple computers; C.A.L
using stand-alone Commodore 64 computers, C.A.I. programs on networked Apple
computers and linked to a management system for individualizing instruction; and a
locally developed management system for mathematics practice on Commodore computers.
Actual computer experience varied from scheol to school, but most of the
implementations followed patterns of 12 to 20 minute sessions held between 3 and 10
times every two weeks. Software varied widely from district to district, but was mainly
products by small independent educational software producers (Micro-Ed, Microcomputer
Workshops, Sterling Swift, Hartley, Edusoft, Educational Activitics) as well as by national

publishing firms (S.R.A., Zancr Bloser) and school district products (San Diego School

District).
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Effect sizes were calculated and reported by the investigator on a classroom by
classroom basis., INo data was given on the selection of comparison classrooms --
whether any were randomly chosen, how each was matched to a computer-using classroom
or how the pair differed on pre-test achievement. Comparison classes may have been
located in the same §chool building, but even this was not explicitly stated in the report.
No analyses of teacher differences between computer-using and control classes were

given. For all of these reasons, the study was included in Table 3 rather than Table 2.

The effect sizes were computed on annual achievement tests, although it was not
clear whether the tests used were statewide tests or the S.R.A. series. In any event,
reported effect sizes, when averaged across ¢lassrooms and schools were all positive.

The highest ES was reported for the locally developed management package (ES=.62,
based on eight pairs of classes). Other means (for math, reading, and language arts
programs on Commodores, stand-alone Apples, and networked Apples) fell in the narrow
range between +.14 and +.24 -- indicating small positive effects of the computer-based
approaches. Individual classroom comparisons varied widely, however. Thirty percent of
the 77 comparisons for Apple C.A.L (across math, reading, and language arts outcomes)

had NEGATIVE effect sizes as did 29% of the comparisons for Commodore C.A.L

Implications of These Studies for Furtﬂcr Research on Effectiveness

The variability among classrooms in the Arkansas data is an important reminder that
studies involving two or three classrooms per treatment can never be regarded as
definitive, regardless of the quality of their research design. But neither are studies
reporiing data from hundreds of classrooms inevitably informative. To be most helpful,

studies need to describe in detail how computers (and control treatments) were
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implemented at each site, and to do so in some kind of standardized way so that
comparable aspects of the implementation can be measured for each study. What we
need are studies with the size and range of the Arkansas Project Impact study and the

detailed descriptions of the best of the reports in Tables | and 2.

It is also important to note that most of the data reported in studies cited here
r‘clatc to math, reading, and language arts achievement in upper elementary grades. A
few studies of writing and problem-solving were identified and met our minimal criteria
for inclusion, but only one covered the high school grades and none involved science or

social studies learning.

And evea were we to consider all of the mathematics, reading, and language arts
studies cited above to be without damning flaws, together they do not come close to
providing prescriptive data for deciding whether and how to use computers as adjuncts
for instruction in these subjects. Different hardware and software, different
arrangements for using computers in the context of classroom and teacner-directed
learning in school buildings, and different ways of integrating comnputer activitiecs with
the rest of the instsuction in that subject may all profoundly affect the direction and
size of effects on student achievement. In addition, the use of computers for one set of
skills (e.g., automaticity of algorithmic procedures) or concepts (e.g., pre-algebra
mathematics) or one group of students (e.g., below-grade level students) may say very

little about their value in other situations.

Thus, the existing evidence of computer effectiveness is very scanty if we prudently
refuse to collapse such disparate studies as a sysiem-wide cffort to raise Chapter [

students’ math and reading scores, a writing project of a single junior high English
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teacher, and an evaluation of computer programming’s effects on general problem-solving

abilities of above-average achiecving 5th graders.

But does that mean that computer-based treatments are so "iffy" that we will never
have data that can guide policy-makers and school administrators in a useful way? No, I
think we’re in a better position than that. But to systematically build a body of
evidence about the conditions and circumstances in which computers are most effective

we need a new model for conducting field research in schools.

Multiplying Knowledge of Computer Effects: A Model for Field Experiments

Traditionally, field experiments have been conducted in order to study the impact of
a specific instructional program implemented in similar ways in a small number of closely
situated schools. In order to insure faithful implementation of the instructional program, |
close personal supervision of the sites by the investigator has been the norm. Asa
result, studies have been conducted in close proximity to the investigator’s place of
work, and they have tended to involve few schools, teachers, and classes. Often those
studies have been of short duration, further limiting one’s ability to identify important
effects. School district-wide evaluations, the other type of study predominant in the
literature reviewed above, are generally longer in duration and involve larger samples of
schools, teachers, and classes. But these often lack alternative control-group treatments,
and are much less likely to randomly assign classes or schools to treatments, particularly

when computers are involved.
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As a person who has collected and analyzed survey research data for my
professional carser, I have envied the adequacy of outcome data -- particularly student
achievement data -- that field experiments make possible. But I find it extremely
limiting to think of measuring effectiveness of computer-based instruction by collecting
data from a charactc_ristically unrepresentative and small sample of specially designed
programs -- even where alternative treatments and randomized assignment are used.
Thousands of teachers and schools pick from the marketplace of computer-related
products and ideas in order to accomplish instructional goals. And they produce a wide
range of approaches for using computers with their students. To truly understand the
effect that computers are having on students in schools, - ae needs to combine the large
domain and representativeness of survey research with the most important characteristics
of carefully designed field studies -- appropriate experimental design, over-time
measurement of student achievement, and control and measurement of program

implementation.

This Fall, our Center begins a research project that attempts to combine the
features of survey research and field experiments in an effort to better understand the
typical effects and the range of effects on student academic achievement of instructional
programs that use computers. This project goes under the name of "The National Field
Studies of Instruct’»nal Uses of School Computers." In this first year of what I expect
will be a three year project, I am concentrating on one subject-matter and one grade-
span -- mathematics instruction in grades five through eight. Subsequent years will

focus on other specific subject-matters and grade-spans.

Each study will be one school year in duration and involve 80 classrooms recruited

across the entire country. The 80 classrooms will be composed of 40 pairs of




experimental and control classrooms, each pair located in the same school and matched in
terms of grade lcv?l and ability level. We are recruiting schools that have a certain
minimum of computer hardware -- specifically, enough for the computer-using class to
have access to one computer for every four students in that class. (Most schools
responding to our invitation to participate have substantially more than this number.)
Also, because randomized designs are being employed -- at least at the classroom level

-- all teachers recruited must be computer knowledgeable. We are asking that all
teachers have at least two yecars of experience using computers for instruction, and we
try to identify schools that have an instructional program in place, or are adjusting their

program to make use of new software that has recently become available.

At each school, each class among a pair of participating ciasses will be randomly
assigned to an instructional treatment -- computer-use or no computer use. Where
possible, students will be randomly assigned to classes as well. Where schools are
departmentalized and a single participating teacher teaches multiple sections at the same
grade and ability level, the teacher will teach a pair of classes, using computers in one
class and but not in the other -- at least not for the subject being studied. Where
classes are self-contained, participating teachers and their classes will be randomly

assigned to treatments.

The specific implementation -- the kinds of software used, the mathematics
objectives taught, and the social organization of computer use -- will be decided by t..,
school and the teacher, and will therefore vary substantially from site to site. Some
teachers will emphasize programs that focus on basic skills or factual recall, while other
teachers will mainly use programs that engage students in writing, thinking, or problem-

solving activities. Some teachers will use computers to provide individualized instruction
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or enrichment activities for certain students; others will organize computers so that all
students in their class use computers in the same ways. Each school is expected to
attempt to optimize the amount of time that students in the computer-using class use
computers for mathematics during the year, with a 30 hour minimum (more if students
use computers in pa_irs). The only structural requirement for the schools is that a
comparable curriculum and similar "opportunities to learn” be given to students in both
the computer-using and the control classroom at the same school. The curriculum and

emphases will vary from school to school and grade to grade.

Because an investigator will not be on-site in most cases, we will regularly collect
specific information from each classroom about the activities and assignments for each
class. In addition, we will systematically collect data about the way each classroom
implements its computer-based approach -- for example, in-class versus lab arrangements,
paired vs. individual use, networked micros vs. stand-alone micros, and so on. For the
mathematics study, the same or equatable standardized achievement tests will be used for
both pre- and post-testing at all sites throughout the country, and a curriculum-specific
test will be developed to match the content of instruction at each site, and given as a
post-test as well. Finally, teacher and student characteristics will be measured by
comparable questionnaire data at all sites. Thus, regardless of how different schools
implement instructional programs using computers, we will systematically collect data
about those implementations and be able to describe and contrast each mini-experiment
within the overall study. Among other consequences, this will enable us to correlate
each mini-experiment’s effect size with variations in conditions and characteristics of

each implementation.
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Selection of schools and classrooms will balance two major goals: (1) broad
representation among regions of the country, student academic ability, approaches to
using computers, types of computers and software used, and grade level; and (2) having é
sufficient number «f classes using computers in similar ways (e.g., using similar drill-and-
practice computational packages from major publishers; or doing mathematics word-

problems using a game-like format) so that different approaches can themselves be

compared.

How willing and able are schools to meet the requirements of such a project? The
requirements are severe. For example, a school must have enough computer experience
to plausibly implement a respectable program of instruction, but computers cannot be so
much a part of the instructional program that a school would be unwilling to contribute
an untreated control group. Also, class assignment and staffing patterns must be
amenable to our research design -- departmentalized teaching assignments with
hcterogeneous student assignment to classes is ideal; other patterns can also be identified

so that computer and control classes have roughly equal pre-test abilities.

Certainly, most schools cannot meet the needs of the research design. But there
are roughly 40,000 schools in the United States enrolling at least one of the grades five
hrough eight that have a sufficient number of computers available and used for
mathematics instruction. Our project seeks roughly 20 to 25 schools (80 classes) per

study.

Knowing the requirements for participation -- including randomized assignment of
classes to computer- and traditional-instruction approaches, many more schools have

applied for the first year's mathematics study than we can accept. So far, we have
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selected sixty of the eighty classrooms that we need. The sixty come from 16 schools in
14 districts from Florida to Oregon. The remaining sites will be chosen based on the

quality of their program and to assure greater socio-economic representativeness.

The data that will be produced by the first of the national field studies, on
mathematics achievement in the middle grades, will greatly expand the amount of
research data available to date on the effectiveness of microcomputer-based instructional
programs in that area. Subsequent research planned for middle school science, writing,
and language arts will similarly multiply what we know about the effectiveness of
instruction emphasizing computers that is occuring in those subject-areas. But this series
of studies may still be spread too thin to answer questions about the variability of

effectiveness of computer-based instruction.

I encourage other researchers to propose initiatives of their own or to expand my
own sample with additional schools participating in comparable experimental designs so
that we can begin to get more definitive information about the impact of computer use
on children’s learning among the broad range of school and classroom settings in which

computers are used today.
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Table 1: Studies with Rondomized Assignment of Classes to Treatments.

[Atl are microcomputer-based using individual diskettes unless otherwise indicated.
All used national standardized tests at pre- and post-test unless indicated.]

Grade

Levels

Classes of

Computer
Treatment

Duration
(veeks)

Time Per Week,
Location,
# of Computers

Computer
Materials

Design

- Effect Size

Explicit

Reference Program

Hawley, no
fletcher

& piele
1986
(CATE)

Reid, yes
1986
(Exemplary
Reading)

Turner, no
1985

Ferretl, no
1985

Melnik, NC*
1986

Wetzel, HC*
1985

HacGregor, ro
1986

1-6

3,4

3,4,5

2 (1/7gd.)**

6 (1/gd.)

8 (4/9d.)

4 (1-2/9d.)

15

17

25

10

13

10

50 min.,
in classroom(?)
(6 micros)

120 min.
in lab with teacher

(20+ networked micros)

38 min.,
in lab with teacher

(15 networked micros)

200 min.,
in lab with tescher
(26 micros)

60 min.,
tocation (?)
{micros (?))

30 min.,
in lab with teacher
(8 to 10 micros)

30 min/day
(once/week?)
in classroom
(2 micros)

Milliken Math
with automated
management

networked own
reading, language
software

Hilliken Math
and other dritls

math drills, games
(SRA,CDI,DLM, etc,)

logic games:
The Factory,
Code Quest

Bank St. Writer

Scripsit,
Story Starter
(pre-writing)

Students randomized to classes. Same
teacher taught both treatments.

Computer substituted for 1/3 of students
paper and pencil drills.

Classes randomized. Experimental treat-
ment emphasized keyboarding instruction,
and oral reading. Control group used
computers in unspecified ways.

Classes randomized. Teachers rotated
among treatments. Also compared paired
and individual use.

Classes randomized. Intensive computer
treatment -- 40 min. of CAl daily.

Classes rancomized to three treatments:
comouter, math word problems, controt.

Classes rendomized. Blind holistic
scoring of writing samples. "Computers
in Process Writing Program." Good,
thorough instructional ptan hurt by
unfortunate occurrences. Eg., treatment
group did pre-test using computers
after 3 wecks of keyboarding.

Classes randomized.
instruction.

Weekly writing

ES:+.40 computation
+,25 concepts
+.22 problem-solving
Computers also shown
to be cost-effective

ES:+1.0 mean across
6 grade levels in
reading, language

Paired and individual
better than control
marginally significant.
No effect size calcs.

Significant F-test(<.05).
could not calculate
effect size.

ES:+.45 vs. control
-.05 vs.word problem
on Stanford test of
math applications

ES:-.10 average of 2
writing samples

Highly variable

control group results

Little data. Mostly
favored computer
and most p<.05

*Non-commercial systematic instructional program either put in place by school or researcher.

** one class per grade level.

ERIC

Aruitoxt provided by Eic:
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Table 2: Studies with Comparison Population Only. Pre-tests Show Close Match.

(ALl are microcomputer-based using individual diskettes unless otherwise indicated.
All used national standardized tests at pre- and post-test unless indicated.]

Design

Effect Size

Classes of Time Per Week
Explicit Grade Computer Duration Location, Computer
Refefence Program Levels Treatment (weeks) # of computers Materials
Ash, no 5 5 28 40 min., Math CAI--
in lab with aide SRA,Sunburst
and teacher geometry,Plato,
(15 micros) Killiken math
no 4 c.5 to 6 24 75 min., Diascriptive
clusses location (?) reading,
# micros (?) Milliken math
CMI* 4-6 1000+ kids until daily in lab CCC math
-CAl (c.15 to 20 spring test with terminals and reading
(Rochester) classes/gd.) (30 weeks?) software
(non-micro)
Miller, CMI* 5-8 3 schools, between fall- 50 min., CCC math
1984 -CAl 80 kids spring tests pull-out in software
(c.1 class (28 weeks?) labs with (non-micro)
per grade) terminals

Successive cohorts: two cohorts pre-computer
compared with two cohorts using computers.
Only non-Chapter 1 student data is incltded.
More kids excluded during computer years.
Informal criteria to allocate available
software for individualized tasks.

Computer treatment in one subject was control
for other subject. Controls at different
schools. Supplementary time for experimental
group only. Reading was not as tied to teacher
instruction as was math.

Supplementary CAl program. Comparison group:
students elsewhere in the district matched on
grade, sex, ethnicity, SES, and previous spring
achievement scores.

Chapter 1 alternative. Compared 3 programs
used in different schools in district. Very
close pretest match.

ES:-.16 computation

+.99 concepts
(spring to spring
gains)

ES:+.29 math computation
+.08 math problem-
solving

-.31 reading

Diff. in NCE gains
below +/-3 for all
grades, both subjects.
No ES. Couputer worse
for high stanines
both years.

ES:+.29
on district test

*Computer-managed instruction using CAl.

1985

Todd,
1985
shattuck,
1985; 1986
~ ERIC

|

-~
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Table 3: studies with Comparison Population Only.

Unclear or Poor Match.

(ALl are microcomputer-based using individual diskettes unless otherwise indicated. All used national standardized tests at pre and post tcst unless indicated.}

Classes of Time Per Week,
Explicit Grade Computer Location, Computer
Reference Program  Levels Treatment Duration # of Computers  Materials Design Effect Size
McDermott, no* 3-6 22 to 37 school  ovg. 40 min., varied software, Partial standardization of existing ES:(supplied in report)
1985 per subject  year 4 micros mainly from programs in the state. Comparison +.22 math
('HPAC) (5-15/gd.) in classroom small independent at same school (?). No descrintion of +.22 reading
producers instructional programs. No data on +.15 language arts
prz-test equivalence. Unclear whether
state or standardized tests used.
McDermott, CHl1- 4.6 17 (6/9d.) school  avg. 40 min., Produced by Sem» as above. ES:(supplied in report)
1985 Cal year 8 micros another school +.24
| CIHPACT) (networked) district
in classroom (San Diego)
; McDermott, CM1- 3-6 8 (3 for school  avg. 40 min., Jesting program Same as above. ES:(supplied in report)
1985 CAl grade 3) year 8 micros & misc. CA!l +.62
(IMPAC:C-AIM) (networked) sof tware
in classroom
Mitlar & no 6-9 80 kids school 80 min (2) Mixed sof tware: Students with 1@>125 and reading test ES:+.25 reading, vocabulary
Macleod (c.1 cl./gd.) year(?) (class tim MECC, Sunburst 90th percentite. Comparisor group from +.08 math concepts
1984 or computer Milliken-- other district. No explicit computer
{Alberta) time) mainly math, treatment. Not clear whether others
| some reading used computer but not just tested.
Rough comparability between groups.
Atlanta yes elem-h.s. 1000 kids school  avg. 50 min. CCC reading, Comparison group unclear -- other Signif. +: reading, elem.
Schools (majority per subject year in lab with math software students in district, categorized by -s ch.l reading,middle
1986 Chapt. 1) (3+ cl./gd.) (40% aide, 8-16 (not micro) Chapter 1 participation. Spring to could not calculate ES.
dropped terminals spring gains measured. Probably a
at sem.) supplementary program.
Harris, 4-6 1500 kids 1.5 75 min. Dolphin math, Camarison schools compared on non- No difference over 3 year
Sadaccayes, (Chapt.1) 15+ cl./gd.) scheol in lab with reading CAl achievement measures -- same except interval (computer used for
& Hunter years terminals, (mainframe) professional activity of Chapter 1 and 1.5 of those years)
1985 aide, teacher parent involvement was lower in controls.
(HUMRRO) Data presentation very limited.
Gourgey, yes 2-12 440 kids school 50 min. ccC reading, Supplementary program at 8 schools of Either too small N's cr large
et ol, (most grades: year per subject math software varying target student poputations. pretest differences prevent
1984 c. 1-2 in tab with (not micro) Comparison group of non-participants drawing any conclusions.
(Newark) classes) 4-8 terminals elsewhere in district selected, but not
and with aide uniformly successful. Analysis broke
(teacher in sample into too fine categories ¢o
some) measure effects. Standard deviations
not reported.
Rodefer, no 45 5 (2-3/q9d.) 8 weeks 20 min., Logo Convenience sample of teachers, some ANCOVA controlling on pretest,
1985 computers not trained for Logo, others not. No data CAT reading, 1Q, age. Teacher
described presented on pre-isst equivalence (on effects but no differences
Ross Test of Higher Cognitive Process). between Logo and controtls.
*§ *Provided some standardization in software and organization of use among districts. {_i
Q
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3 9




A T SR i

High
55 K=6 Middle Schl. N
] ] 90th percentilel

compare to...

Bar Chartj

~———(25th percentile]

!
| Figure: Computers Per 50 Students

10th percentile , ¢ _’

41 49




K—=6

-----------------------------------------------------------

et oo 0 e e P o - T > T - h o . o T e = = - . 8 G = S o S S %0 S 0= S5 @ e e e e e e

e s 0 s e e T e v P S0 e B e B G B S e B S e S e P B3 TS e m TS S8 R em e T TS M am e S G e

-------------------------------------------------------

S Hiah ™
Middle Schl.

----------------------------------------------------------

Figure: Computers Per 30 Students

90th percentile

75th percentile

Median]

25th percentile

10th percentilg

compare to...

;

Bar Chart




Table 4: Percent of Schools with a Substantial Number of Computers
in a Given Location by Grade Span of School, Spring, 1985.

Grade Span Percent of Computer Using Schools With:
of School
7 or More Computers 15 or More Computers
In Any One Room In Any One Rocm
K-6 Elem. 22% 6%
Middle/Jr.High ' 67% 35%
High School 853% 47%
K-8 Elem. 26% 4%
K-12 School 243 43
Jr./St. High 643 263

s oun W S b G5 Gms Emb Gmb P SHD S B b ————-——-—————-—————-.-———-.————-.——-

U.S. Total 39% 16%




i 6: Hours Each School’s
Computers are in Use
(distribution of SCHOOLS)
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i2: Percent of
Using Computers During Week
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Fig 5 Hours of Compuler Use
Per Student User (per week)
(distribution of STUDENTS)
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Fig 4: Fstimated Amount of o
for Various School Subjects

(Percent of computer rooms used for subject,
weighted by number of student users)
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and Computer Time Use by Grade Level

Fig. 1: Distribution of Student Compuler—Users g
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r Fig. 2: Function of Computer Activity for Teachers——
Enrichment, Remediation, or Regular Instruction—-
by Grade Level*
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-Tmtle 2: Distribution of Computer Use,
Spring, 1985

SUEBJECT (from course title,

by Subject and Grade Level,

GRADE LEVELS OF STUDENTS IN CLASS

activity, and software in use) k=3 4-8 g-12
Mathematics**
Jop:cs below algebra 427 277 S%
or unspecified math
Algebra, geometry 0% 1% 1%
Trig,. advanced math 0% 0% 17%
Subtotal: traditional math subjects Ta2% T28% 7
English
Language arts &nd spelling 18% 12% 47
Reading 177 % 27
Subtotal: language arts = T20% oY%
Writing 2% 2% 3%
Word processing in English class 3% 3% 2%
Subtotal: writing 5% = 5%
Computers and Froblem—-Solving
Math topics: problem-solving, Ry &% 27
lcgo, programming activities
Programming#*++ as specific 2% 13% 427
topic or course
Louo as specific topic*xx* 4% o% P
Computer iiteracy as specific YA 10% YA
topic or course
Subtotal: computers & problem-solving T147 T3a% TGoY
Business and Word Frocessing
Business, accounting, secretariai, Q% 0% &7
other than word processing
Worou processing, other thanm in English 1% 2% 127%
Subtotal: business RV -V —Iéi—
Other Subjects
Science and nutrition 17 3% 7%
Social studies i% 47 1%
Industrial arts and agriculture Q% 1% 3%
Others 2% 2% 27
Subtotal: other subjects __Zi— 117 157
Total for All Subjects 1007 1007 100%

S Gt D et W e G Gt S et s S Gyt . Gt s G Pt Gt - o - —

*Sum of individual entries may not equal subtotal entry because
rounding. Similarly, subtotals may not sum to grand total.

*%See also first entry under ‘Computer
O tExcludes specific mentions of Logo.

]:R\(}Includes some general problem-smlving not classified elsewhere.

S, °
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Fig. 2: Best Use of Computers: Opinion Changes
Since First Obtained Computers
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Computer Literacy Units, Courses: Content by Grade

Grades 9—12 Grades 6-—8 Grades 3—5  Grades K—2

Games

Drills

Sci/Bus_g

Society




Program to Make Designs,
Shapes

Program to Represent
Equations as Graphs

Use Equations to
Rotate,Magnify

Animation techniques

Display 3D:
e.qg., Hldden Lines

- Emphasis on Graphics
in High School Programming Courses

b

I B Major
7/ Emphasis
/A 4 Minor
Emphasis
////%
/
0 80 100 61
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Table 1: Bistribution of Computer Use by Girls for Elesentary (K-6), Middle, and High Schools as Reported
by Each School’s Primary Computer-Using Teacher, Spring, 1983.

Median Percent Use by 6Birls Low Percent Use by Girls High Percent Use by 6Birls

(50th Parcentile) (20th Percentile) (80th Percentile)
Fiem. Hickile High fflem. MHNiddle High Elem. Middle High
(K-6) Schwol Sciwol (F-6) School Sctwol (K-6) School School
Overall Use 507 S50% 507 507 407, 35% 50% 507 507
Before/ffter School 307 157 207 07 17 3% 507 507 50%
Hord Processing 507 0% 607 07 6% 457 502 50% 80%
E€lectiva Prograsming 97 AGY, 447 07 207 30% 50% 50% 30«
Bame Playing L1874 30 10% 207 574 27 507 507 407
Use Indexs® 457 38~ 404 307 267 297 074 50% S51%

sAdditive index of non-missing entries on previous five aspects of use.
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Student—Computer Ratios & Computer—Using Teachers
At Schools Attended by Median Black and White Students

Number of Computer—Using Teachers
20 16 14 12 10 8 6 4 2 0

5th grade black / // /
5th grade white W :

11th grade black /////////////
11th grade white B

0 20 40 60 80 100 120 140 160 180 200
IC 64 Number of Students per Computer 65 -

{
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Fig. 3: The Most Active Users, by Sex and Academic Ability
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Fig. 4: Computer Use: Top Third vs. Average Students
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Students Most Affected by Using Computers,
by Grade Level and Ability
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Flg 5: How Most--Affected Students Were He!ped
(by Grade Level & Ability)

.._-.T ; vy [[/l/l[’/ ) // III )// ////I,/,//,l’l/ 250, ;///
—- « \ l

""""

liditbeiealiosloaibitableiteds cdds .141‘1.41/( VNP AYIV:

PRPW ORIy Abrac e anthinrad £ Cadon shdth

Very High
High
Average HikES
l.ow

Very Low

1
i Very High W.

l [@227244 / A n’/// HETooA / F.. O e L
Q-

codeds 1114111/4( (/lu//ll

. r II, 77 2 p0) . .
.'\ \{u// //n// //u, - F\AOUVOUOH
l.‘-‘l ‘*.'\ ‘\’\ X4 f/'f-":.-';”'."/”ﬂ Confidence, |
2 Self—Discipline

\l ‘s < \(\ /4/ /4/‘1.

| "lq |l
R Heh. l

IZRLIIII) IR PN, 1777 Other Self_
o a5 D0er S

Gal High TS U
. Average I‘- DO | ] Basic
. R ey N

N \’\ VYA Academic

i l.ow
WS N Skill:

Very Low
AN t” PIRILLIL 11 IIIIILY E"ﬁ |||(Jh /\blllty

RSPAN N o . '.(-ud{/.{t/:(; latoke .

. RN ,,,,,,,'//,,, . Academic

rEa ngh RRGPNNE 75571/ 7%/ Direction
- WX S o

NN OAXNNA L

w2 KK

80 100

i G
- Average
Very Low |




Table 3t Dintribution of Computer Use, by Subiect and Ability Level, Upper-Flementary through Nigh School,
Spring, 1985.*

GPADL AND ARILITY LEVELS OF STUDENTS IN CLASS

Grades 4-8 Grades 9-12
SUBJECT (from ocourgpe title,
activity, and software in use) Low(29%)  Mixed(59%) Nigh(12%) Low(13%)  Hixed(78%) Itigh(9%)
s mmsnsnonenssnsooomnnn e e
Topics below algebra 36% 272 94 32n 1t 0%
ot unspecified math
Al?ebra, geometry il I 31 12 1% 21
Trig,. advanced math 0% 0t o (1] 1t 3
Subtotal: traditional math nubjects LY 2 BEY I T TR
A
L.anquage artn and apelling 200 10 4y, 164 21 I
Reading 10 1) 2% 132 o 21
Subtotal: language arts T30 By TTEw T2 TT2% XY
Writing 1) it 6% 4% 2% 94
Word processing in Fngiish class 1 3% 49 St 1% 5%
Subtotal: writing iy Ty “1ov TS T BYD
Pyt st e
Math topics: problem-solving, 4% 6% 102 3 1% 2%
iogo, programming activities
programming*** as specific 2% 14% 25% 4y 50% ki)
topic or course '
Logo an rpecific topichtes I () ar 21 1 (R
Compute: literacy am specific A 1 18t 6% 5% 1
topic or course
Subtotal: computers & problem-solving  13% Ity ALy BEY s TA0h
Buciness and Wotrd Procesning - ---_--—--—-----_-------—---_---_--—----------_--_-';--—_—-----;;__--
Business, accounting, gecretarial, 0 IR} or 0% %
other than word processing
Word ptocessing, other than in Engl ish 21 1 2 6% 13% 11%
Subtotal: business v Ty 2% 6% a0 13y
Other Subjects
Science and nutrition 1 5% 24 2% 6% lg:
Social studies 0% 6% 6% 3% 1% ox
Industrial arte and agriculture 1) 1 or 2% 7%
Others 2% 3% 3 3 2% 3
Subtotals other subjectsn A i 1o L 15% h
Tt\;;; for I\;l-mlh;o::t:z 100% 100x 100% 100 100% 100.\_--__

sum to grand total.
s8gee also first entry under 'Computers.’
\)"'Excludes specific mentions of L,ogo.
E lC"xnclude,a_. same general problem-solving not clapsified etsevhere.
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Teacher and Student Computer Resources,

31 Students Have
Home Computer

Teacher Has Home

Computer |

Teacher Had 5044 Hours
Computer Training

.

/
i,

by Class Ability, Grades 4-8

7] |low Ability
Classes

[-]] All Other
Classes

§ High Ability
Classes

40 60 80 100
Percent
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Percent Reporting Computers DID NOT HELP in Any
Important Way

/"\ ‘\/’ 1§>/‘\ '
Average,Mixed Ability @5 X
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Students in Class and Student—to—Computer Ratios
by Class Ability, Grades 4—8

Students per Students per Com—
<0 Students Present Computer: IN CLASS | puter: OUT OF CLASS
| Percent Using IN CLASS
251 D4 20 40 60 80 100
20 1
15
10 1
51 l] oy
~ : 2.5 -
0 L 1.5 A _

Low Al High Low Al High Low Al High
Ability Other Ability Ability Other Ability Ability Other Ability

o 79 80

274



Percent Reporting "MUCH MORE'" Because of Computers

Diagnoses @J : : :
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Learning by Below—Avg. R N Elementary

Peer Helping \
Opport. for l.carning Tx x
Disabled DY

Opport. for Gifted §

Enlhusiasm




83

Whole—Class
Instruction

Involvement

Preparation
Time

Teach to
Small Groups
Individual
Seat Work

~ Fig. 3: Changes in Teaching Practices
Since Began Using Computers for Subject ——
Grade 6 to 8 Classrocoms

Peer Assistance

/
1. Leas (Due to
Computer)

] X Less (Not Due
_ to Computer)

[[] No Change

More (Not Due
2 to Computer)

B8 More (Dus to
Computer)

Parent

0%

20%

40% 60% 80% 100%
Prent ]




' Fig 1: Organizational Effects
Attributed to Computers
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Solutions to Which Three Problems Would
Most Improve Computer Use at Your School

Problem , Percent

Not Enough Compuvers 62%
No Time to Develop Computer—

based Activity 50%
Teachers Lack Interest in

Learning about Computers 41%
Software Too Costly in

Quantity Needed 35%
Not Enough Money for

Teacher Training 30%
Hard to Locate or Evaluate

Software Already Written 27%
Poor Quality of Software 18%

Sciyware Not Yet Written for
Topics for which it is Needed  18%

| * Other g7 9%




Capsule Summary

The Ne=d for Evidence about the Eff<ctiveness of Using Computers for Instruction

The National Field Studies . . . . . .
A wide variety of softwarc and mstrunonal mcthods wnll bc stuoncd
Teachers will use their own methods “ud use software of their choice.
Studies will oaly minimally intervene in teachers’ activities. ’
A variety of student outcomes will be measured over one full year. |
Sckools can contribute as few as two teachers’ classes in any of the studies
planned over the next three years. <
o School districes with substantial participation can have their own particular “
|
\
\
|
\
|
|
\

O OO0 OO0

approach evaluated specifically.

o At each school, computer-based instruction will be contrasted with traditional
classroom teaching for the same subject.

o Classes participating in the study MUST be ;2ndomlv assigned to one of
two teaching methods: computer-based or saditional.

Subjects to be Studied. . . O
1987-88 (Year 1): \{athcmancs
1988-89 (Year 2): English (Writing) and Science (Earth Sciencs).
1989-90 (Year 3): Social Studies and Problem-Solving or another subject to be
determined.

Requirements for Paricipation . . . . . . . . e e e e 1
Teachers with Two or More Years of f-'*cpcr'ch" Usmg Computcrs
|

(o]

Sufficient Access to Computers: One Computer Per 4 Students in the Class.
Sufficient Computer Software for 3 Substantial Computer Experiencs.
Parallel Curriculum Taught in a "Non-Computer" Classroom.
Randomized Assigrment of Classes to Computer and "Traditional® Approach.
Some Examples of Randomization in a School Context
Confronting Objections to Randomization '

© G OO

Project Schedule (for the 1987-88 study) ... e e e e e e N B
Prior to Implementation: (January, 1987 -~ August 1987)
Identifying participating schools and teachers. (January - April)
Obtaining necessary approval and srranging details of study design at
each school. (March - June)
Preparing the instructional plans. (June - August)
The Instructional Intervention: (September, 1987 - June, 1988)
Pre-test period. (September-October, 1987)
Record of Instructionzl Content and Methods During the Study Period.
(October, 1987 - April, 1988)
Post-Test Period. (May, 1988)
Data Analysis and Reports. (Fall, 1987 to November, 1938)

Financing the Research . . . . . . . . . .. O B
Conclusion . . . . . . . . . e e e e e e e e e e e e e e e e e e e e s
The Seleciion of Par:icipating Sites . . . . O 1

How to Express Interest or [ntention to P" w'pa\.
Information Nesded from Prospective Schooi and District Participants
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