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Abst rac t - -A meta-analysis of 32 comparative studies showed that computer-based education has 
generally had positive effects on the achievement of elementary school pupils. These effects have been dif- 
ferent, however, for programs of @line computer-managed instruction (CMI) and for interactive 
computer-assisted instruction (CAI). The average effect in 28 studies of CAI programs was an 
increase in pupil achievement scores of O. 47 standard deviations, or from the 50th to the 68th percen- 
tile. The average effect in four studies of CMI programs, however, was an increase in scores of only 
O. 07 standard deviations. Study features were not significantly related to study outcomes. 

C o m p u t e r s  are fast b e c o m i n g  an i m p o r t a n t  factor  in e l emen ta ry  school teaching.  
T h e  n u m b e r  of  compu te r s  in A m e r i c a n  e l emen ta ry  schools has increased by a 
factor  of  at least 10 dur ing  this decade,  and  the major i ty  of  schools now own 
them (Becker,  1983). T h e  use of  c o m p u t e r s  in teaching is nonetheless  a difficult 
subject to br ing  into focus. Resea rcher s  and developers  disagree  on some of the 
basic issues. 

Even  the t e rmino logy  in the area  is open  to dispute.  T h e  a c r o n y m  C A I  is 
often used,  but  it is var iously  in te rpre ted  as s tanding  for computer-assisted instruc- 
tion, computer-aided instruction, computer-augmented instruction, or computer-administered 
instruction. O t h e r  t e rms  used in the area  are computer-managed instruction, computer- 
based learning, and computer-based instruction. Computer-based education, or  CBE,  is 
b e c o m i n g  increasingly popu la r  as a generic  t e rm for the area  because  it encom-  
passes a b road  spec t rum of c o m p u t e r  appl icat ions  (Hal l ,  1982). 

Resea rche r s  also differ  in thei r  opinions  on the best way to subdivide  the area.  
Ear ly  t axonomies  of  C B E  usual ly  dis t inguished be tween  four uses of  the com- 
pu te r  in teaching  (Atkinson,  1969; Watson ,  1972): (a) In drill-and-practice appli-  
cat ions,  the teacher  presents  lessons to pupils  by  convent iona l  means ,  and  the 
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compu te r  provides  practice exercises as a follow-up; (b) in the tutorial mode,  the 
compu te r  both presents the concepts and provides  practice exercises on them; (c) 
in dialogue mode,  the compute r  presents  lessons and practice,  and the student is 
free to construct  natural  language responses,  ask questions in unres t r ic ted  mode,  
and almost completely control  the sequence of learning events; and (d) in 
computer-managed instruction, the compute r  evaluates students ei ther  on-line or off- 
line, guides students to appropr ia te  instructional  resources,  and keeps records. 

Recent  taxonomies  show that today's researchers  have a b roade r  concept ion of 
the role that computers  can play in educat ion.  Tay lo r  (1980), for example ,  has 
described three uses of the compute r  in schools. First, as a tutor, the compute r  
presents  mater ial ,  evaluates student responses, de termines  what  to present  next, 
and keeps records of s tudent  progress.  Most  compute r  uses described in earlier 
taxonomies  involved the tu tor ing  funct ion of computers .  Second,  the compute r  
serves as a tool when students use it fbr statistical analysis, calculation, or" word 
processing, such as when students use it as a calculator in mathemat ics  classes, 
as a m a p - m a k e r  in geography,  as a pe r fo rmer  in music,  or as a text edi tor  and 
copyist in English. Th i rd ,  the compute r  serves as a tutee when students give it 
directions in a p r o g r a m m i n g  language that  it unders tands ,  such as Basic or 
Logo. 

Exper ts  also differ in their  assessment of the effects that CBE is likely to have 
on children. In Run, Computer, Run, tor example ,  Oet t inger  (1969) has argued 
that claims of positive benefits  from C B E  are grossly exaggerated.  In Oet t inger 's  
view, schools are too conservat ive to make  good use of teaching innovat ions,  and 
compute r -based  teaching technology is too poorly developed to be of m u ch  use to 
schools. In Mindstorms, on the other  hand,  Paper t  (1980) has writ ten glowingly of 
the effects that computa t ion  has on children. In Papert 's  view, computers  can 
open up microworlds for children.  In the s imulated reality of these worlds, chil- 
d ren  learn to manipula te  objects, to apply themselves to long-range projects,  and 
to construct  new symbol systems. T h e y  thereby gain a greater  mas tery  of the 
world,  a sense of the power of applied knowledge,  and a realistic image of them- 
selves as intellectual agents. 

Most  educators  and researchers  can live with the differences in opinion about  
compute r  t e rminology  and taxonomy.  Although t roublesome,  such differences 
do not seriously affect their  capacity to use computers .  Differences in opinion 
about  the effects of CBE on children are an entirely different mat ter .  Such differ- 
ences can affect p lanning  for the future.  Wi thou t  knowing what CBE has already 
achieved,  teachers and researchers cannot  be confident  in designing new instruc- 
tional p rograms.  

To  clear up uncer ta in ty ,  researchers  have therefore  carried out numerous  
studies evaluat ing compute r  uses in schools. Some of their  evaluat ion reports  are 
impressionistic and of little scientific value.  O th e r  evaluat ion reports ,  however ,  
describe controlled studies that  meri t  serious at tent ion.  In a typical s tudy of this 
type, a researcher  divides a group of students into an exper imenta l  and a control 
group.  Me m ber s  of the exper imenta l  group receive part  of their  instruction 
with compu te r  assistance, whereas  member s  of the control  group receive their 
instruct ion by convent ional  teaching methods.  At the end of the exper iment ,  
the researcher  compares  responses of the two groups on a c o m m o n  measure .  
Such evaluat ion studies have been carried out often enough  to give some indica- 
tion of the overall worth  of CBE.  
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Reviews designed to integrate the findings from the evaluation studies are of 
two basic types: box-score tabulations and meta-analyses. Box-score reviews 
usually report the proportion of studies favorable and unfavorable to CBE, and 
often provide narrative comments about the studies as well. Reviewers using 
meta-analysis take a more quantitative approach to their task (Glass, McGaw, & 
Smith, 1981). They use (a) objective procedures to locate studies, (b) quantita- 
tive or quasi-quantitative techniques to describe study features and outcomes, 
and (c) statistical methods to summarize overall findings and explore relation- 
ships between study features and outcomes. 

The box-score reviews have produced a generally favorable picture of CBE 
effects. Vinsonhaler and Bass' (1972) review, for example, examined results 
from eight separate reports on computer-based drill-and-practice in elementary 
schools. The eight reports presented results from ten studies, three in language 
arts and seven in arithmetic. For language arts, the performance of CAI groups 
was between 0.1 and 0.4 school years beyond the performance of traditionally 
instructed groups, and all findings were positive. For arithmetic, most compari- 
sons showed a statistically significant advantage in favor of the CAI group. 

Edwards, Norton, Taylor, Weiss, and Dusseldorp's (1975) box-score review 
covered a wider range of applications of CBE, including studies of computer- 
based drill-and-practice, tutorials, and simulations carried out in elementary 
schools, high schools, and colleges. Ten of the 27 reports that these investigators 
located described findings from elementary schools. These reports covered 12 
separate sets of results. The reviewers considered 9 of these 12 sets of findings 
(or 75%) to be positive for CBE. 

Meta-analytic research by Hartley (1978) and Burns (1981) focussed on 
computer-based drill-and-practice and tutorials in elementary and secondary 
arithmetic. Hartley's analysis covered 22 studies and 89 separate results. A total 
of 81 of these 89 results were from grades 1 through 8. The average effect of 
CBE in these grades was to raise arithmetic achievement scores by 0.42 standard 
deviations. Burns (1981) located 32 separate documents for her meta-analysis. 
She coded approximately 400 results from these studies, and nearly 90% of these 
were from the elementary grades. The average effect of CBE in these grades was 
to raise arithmetic achievement by 0.37 standard deviations. 

The value of these early reviews is limited by several factors. First, the conclu- 
sions in the reviews are based mainly on studies published before 1975 of 
computer-based teaching of arithmetic. The reviews give too little attention to 
recent studies and to computer-based teaching in subjects other than arithmetic. 
None of the studies reviewed by Vinsonhaler and Bass (1972), for example, was 
published after 1971; none of those reviewed by Edwards et al. (1975) was pub- 
lished after 1973, and only a handful of the studies of elementary school CBE 
reviewed by Hartley (1978) and by Burns (1981) were conducted during the past 
10 years. All of the studies reviewed by Hartley and Burns, all but three of the 
studies reviewed by Vinsonhaler and Bass, and five of those reviewed by 
Edwards et al. focussed on the teaching of arithmetic. 

A second factor that limits the value of earlier reviews is their methodology. 
Early reviews of CBE effectiveness were written at a time when rapid progress 
was being made in the development of a methodology for research synthesis, and 
most of the reviewers were not able to incorporate the advances into their anal- 
yses. The reviews by Vinsonhaler and Bass (1972) and by Edwards et al. (1975), 
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for example, relied on box-score tabulations of major findings. The statistical 
weakness of box-score reviews has recently come in for heavy criticism from 
research synthesists (Hedges & Olkin, 1980). Although the meta-analytic 
approach introduced by Glass (1976) has won greater acceptance in recent years, 
meta-analytic methodology itself has matured with the years. Early users of the 
method were often unselective in choosing studies for analysis; they often 
inflated numbers by using nonindependent findings in a single statistical anal- 
ysis; and they often reported their results in a sketchy fashion. Users of the meth- 
odology today are more sensitive to such methodological pitfalls and usually try 
to avoid them. 

This review is meant to supplement earlier reviews on the effectiveness of 
CBE in elementary schools. It updates them and uses state-of-the-art methods in 
integrating the research findings. The article asks: How effective is computer- 
based teaching at the elementary school level? Is it especially effective for certain 
types of outcomes or certain types of students? Under which conditions does it 
appear to be most effective? 

METHOD 

The meta-analytic approach used in this review was similar to that described by 
Glass et al. (1981). Their approach requires a reviewer (a) to locate studies of an 
issue through objective and replicable searches; (b) to code the studies for salient 
features; (c) to describe study outcomes on a common scale; and (d) to use 
statistical methods to relate study features to outcomes. 

Data Sources 

The studies considered tor use in this meta-analysis came from three major 
sources. One large group of studies came from the references in major reviews of" 
CBE effectiveness (Burns, 1981; Edwards et al., 1975; Hartley, 1978; Vinson- 
haler & Bass, 1972). A second group of' studies was located by computer- 
searching two library data bases using Lockheed's DIALOG on-line information 
services. The data bases searched in this way were (a) Comprehensive Dissertation 
Abstracts, and (b) ERIC, a data base on educational materials from the Educa- 
tional Resources Information Center, consisting of two files, Research in Education 
and Current Index to Journals in Education. A third group of studies was retrieved by 
branching from bibliographies in the documents located through reviews and 
computer searches. 

These search procedures yielded 32 studies that met four basic criteria for 
inclusion in our data set. First, the studies had to take place in actual classrooms 
in grades 1 through 6. Second, the studies had to provide quantitative results 
from both a computer-taught and a conventionally instructed class. Uncon- 
trolled "experiments" and anecdotal reports were not acceptable. Third, the 
studies had to be free from such crippling methodological flaws as substantial dif c 
ferences in aptitude of treatment and control groups, unfair "teaching" of the 
criterion test to one of the comparison groups, and differential rates of subject 
attrition from the groups being compared. And fourth, the studies had to be 
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retr ievable f rom univers i ty  or college libraries by in ter l ibrary  loan or f rom the 
Educat ional  Resources  In fo rmat ion  Cen t e r  (ERIC) ,  the Nat ional  Technica l  
In fo rma t ion  Service (NTIS) ,  or Univers i ty  Microf i lms Internat ional .  

S tandards  such as these kept us f rom using all the reports  cited by previous 
reviewers. A total of 14 studies cited by four previous  reviewers (Burns,  1981; 
Edwards  et al., 1975; Har t l ey ,  1978; and Vinsonhaler  & Bass, 1972) were found 
suitable for inclusion in our  analysis. O f  the 14 studies, only one was cited by all 
four reviewers; 8 of the studies were cited by two reviewers; and 5 studies were 
cited by only one reviewer.  T h e  major  reasons for el iminat ing reports  cited in 
o ther  reviews were (a) the studies did not examine  effects in grades 1 th rough  6; 
(b) the reports  could not be obta ined  th rough  inter l ibrary loans or f rom s tandard 
clearinghouses;  and (c) the studies used pre-exper imenta l  designs that did not 
call for convent ional ly  instructed control groups.  

Study Features 

A total of 21 variables was used to describe t rea tments ,  methodologies ,  settings, 
and publicat ion histories of the studies (Table  1). These  21 variables were chosen 
on the basis of an examina t ion  of variables used to describe study features in pre- 
vious reviews, and a pre l iminary  examina t ion  of  dimensions  of  var ia t ion in the 
studies located for this analysis. Two  coders independent ly  coded each of the 
studies on each of the variables.  The  coders then jo int ly  reviewed their  coding 
forms and discussed any disagreements .  T h e y  resolved these disagreements  by 
jo int ly  re -examin ing  the studies whose coding was in dispute. 

Outcome Measures 

The  instruct ional  ou tcome measured  most often in the 32 studies was student 
learning,  as indicated on achievement  examinat ions  given at the end of  the pro- 
gram of instruction.  O the r  outcomes measured  in the studies included (a) perfor- 
mance  on a follow-up or re tent ion examina t ion  given some t ime after the 
complet ion of the p rog ram of instruction;  (b) change in student at t i tude toward 
school subjects; and (c) change in at t i tude toward computers .  

For  statistical analysis, outcomes f rom a var ie ty  of different studies with a 
var ie ty  of  different  ins t ruments  had to be expressed on a c o m m o n  scale of mea- 
surement .  T h e  t ransformat ion  used for this purpose  was the one r e c o m m e n d e d  
by Glass et al. (1981). T o  reduce measurement s  to a c o m m o n  scale, Glass and 
his colleagues code each ou tcome as an Effect Size (ES), defined as the difference 
between the mean  scores of two groups divided by the s tandard deviat ion of  the 
control  group.  For  studies that report  means  and s tandard  deviations for both 
exper imenta l  and control  groups,  ES can be calculated directly f rom the mea- 
surements  provided.  For  less fully repor ted  studies, ES can be calculated from 
statistics such as t and F. 

The  applicat ion of  the formula  given by Glass and his colleagues is straightfor- 
ward in most  cases. In some studies, however ,  more  than one value is available 
for use in the n u m e r a t o r  of the formula  for ES and more  than one value is avail- 
able for the denomina to r .  For  example ,  some investigators report  raw-score dif- 
ferences between groups as well as covar iance-adjus ted differences, and some 
repor t  differences on a pos tmeasure  as well as differences in p re -pos t  gains. In 
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Table 1. Categories Used to Describe Study Features 

Use of Computer 
Drill-and-practice--The computer provided practice exercises but not the original lesson on a topic. 
Tutorial--The computer presented the lesson as well as practice exercises on the material. 
Management--The computer evaluated student performance, guided students to appropriate instructional 

resources, and kept records of student progress. 

Author of Program 
Local--Computer materials were developed locally for a specific setting. 
Other--Computer materials were developed for use in a wide variety of settings. 

CCC Materials * 
Yes--Materials used in the study were developed at Stanford University and were obtained form the Com- 

puter Curriculum Corporation of Palo Alto. 
No--Other materials. 

Type of Computer Interaction 
Off-line 
Terminal with mainframe 
Microcomputer 

Number of CBE Sessions per Week 

Total Number of Weeks of CBE 

Number of Minutes per CBE Session 

Total Amount of Time on CBE (in minutes) 

Subject Assignment 
Random--Subjects were randomly assigned to the experimental and control groups. 
Nonrandom--A quasi-experimental design was used. 

Control for Instructor Effects 
Same instructor--The same teacher or teachers taught both the experimental and control groups. 
Different instructors--Different teachers taught the two groups. 

Control for Historical Effect 
Same semester--Subjects in experimental and control groups were taught concurrently. 
Different semester--Two groups were not taught concurrently. 

Control for Time-on-task 
Experimental > Control--Experimental subjects received regular instruction plus supplemental computer 

assistance. 
Experimental = Control--Total amount of instructional time was equal for experimental and control groups. 

Control for Test-author Bias 
CommerciaI--A standardized test was used as the criterion measure for student achievement. 
LocaI--A locally developed test was used as the criterion measure. 

Control for Bias in Test Scoring 
Objective--Objective, machine-readable examinations were used to measure student achievement, e.g., 

multiple-choice tests. 
Nonobjective--Subjective decisions had to be made in scoring tests, e.g., essay tests. 

Field-tested Computer Materials 
Yes 
No 

Control for Evaluator Involvement 
Involved--The evaluator was involved in developing the CBE material and/or in conducting the CBE program. 
Not involved 

Class Level 
Primary--Subjects included in the study came from grades 1 through 3. 
Primary and middle--Subjects came from both primary and middle grades. 
Middle--Subjects came from grades 4 through 6. 
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Table 1 (continued) 

Course Content 
Mathematics 
Science 
Language Arts and/or Reading 
Combined--More than one of the above were studied. 

Subject Ability Level 
Low 
Average or mixed 
High 

Source of Study 
Unpublished--ERIC document, paper presented at a convention, etc. 
Dissertation 
Published--Journal article, book, etc. 

Year of the Report 

*CCC was the only supplier whose CAI materials were used in more than one or two studies, and so this 
source was singled out for special coding. 

such cases, we used as the n u m e r a t o r  of ES the difference that gave the most  
accurate  est imate of the true t rea tment  effect. T h a t  meant  using covariance-  
adjusted differences ra ther  than raw-score differences, and differences in gains 
ra ther  than differences on posttests. In addit ion,  some reports  conta ined several 
measures  of var ia t ion that might  be considered for use as the denomina to r  of ES. 
W e  used the measure  that provided  the best est imate of the unres t r ic ted  popula-  
tion var ia t ion in the cri ter ion variable.  

Statistical Analysis 

Some studies repor ted  more  than  one f inding for a given ou tcome area. Some of  
these mult iple  findings resulted f rom the use of  more  than one exper imenta l  or 
control  group in a single study. Others  resulted from the use of several subscales 
and subgroups  in measur ing  a single outcome.  Using  several different ESs to 
represent  results f rom one ou tcome  area in one study seems inappropr ia te  to us. 
T h e  multiple ESs are not independent ;  they often come f rom a single group of  
subjects or over lapping  subject groups,  and in any  case they represent  the effects 
of a single p rog ram implemented  in a single setting. To  represent  a single out- 
come by several ESs violates the assumption of independence  necessary for m a n y  
statistical tests and also gives undue  weight to studies with multiple groups and 
multiple scales. 

The  procedure  we adopted,  therefore,  was to calculate only one ES for each 
ou tcome area of  each study.  A single rule helped us to decide which ES best rep- 
resented the study's findings. The  rule was to use the ES f rom what  would 
ordinar i ly  be considered the most methodological ly  sound compar i son  when 
compar isons  differed in methodological  adequacy.  Specifically, when a s tudy 
included both  a convent ional ly  taught  control  group and a no - t r ea tmen t  control  
group,  results f rom the compar i son  with the convent ional ly  taught  group were 
coded for analysis. Th is  p rocedure  control led for the possibly confounding  effects 
of  differential  t ime-on-task.  W h e n  results f rom both a true exper imenta l  compar-  
ison and a quas i -exper iment  were available in the same study, results of  the true 
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experiment were coded. When results from a long and short CBE implementa- 
tion were available, results from the longer implementation were used. When 
transfer effects of CBE were measured in a study in addition to effects in the area 
of instruction, the direct effects were coded for the analysis. In all other cases, 
our procedure was to use total score and total group results rather than subscore 
and subgroup results in calculating ES. 

Statistical analyses were carried out separately for each outcome area. One 
study fea ture -cont ro l  for historical effects--was dropped from the statistical 
analyses because of the lack of variation among studies in this feature. In all but 
one study, both the experimental and the control treatments were administered 
concurrently. Another study feature, type of computer interaction, was elimi- 
nated from the analyses because of its unacceptably high correlation with the 
variable indicating type of computer-based instruction. All studies of computer- 
managed instruction involved off-line use of the computer, whereas no study of 
drill-and-practice and tutorial instruction involved off-line instruction. 

RESULTS 

Of the 32 studies used in this analysis, 28 reported results from computer- 
assisted instruction (CAI) programs, involving drill-and-practice or tutorial 
instruction. Only four studies reported results from computer-managed instruc- 
tion (CMI). The two sets of studies differed strikingly in their study features. In 
the 28 CA! studies, for example, students used the computer interactively; in the 
4 CMI  studies, the computer processed student records off-line. But more 
important, preliminary examination of results showed that the CMI  and CAI 
studies produced strikingly different results (Table 2). For this reason, results 
from CMI  and CAI studies were analyzed separately. 

Computer-Managed Instruction 

The achievement of the control students exceeded slightly the achievement of 
students taught with computer management in two studies (Akkerhuis, 1974; 
Coffman & Olsen, 1980), but the difference between groups in these studies was 
trivial and nonsignificant. The achievement of CMI  students was trivially higher 
than that of control students in a study by Roberts (1982), but again the differ- 
ence between groups was nonsignificant. In a study of CMI  by Nabors (1974), 
however, the effect of CBE was positive and moderately high. The average ES in 
the four implementations, however, was 0.07. The standard deviation of ES was 
0. 196, and the standard error was 0.10. 

The four studies provided little evidence for other positive effects of CMI.  
Only the study by Akkerhuis (1974) examined noncognitive outcomes of instruc- 
tion. In Akkerhuis's study the average ES on attitude toward subject was -0 .20,  
and the average E S  on attitude toward computers was -0 .07 .  Both values are 
small or trivial in size, and neither can be considered statistically significant. 

Computer-Assisted Instruction 
The effects of CAI were clearly more positive than those of CMI.  The clearest 
results were available on end-of-course achievement measures, but in other areas 
also results were basically positive. 
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Achievement e~aminations. In each of  28 studies with results from achievement  
examinat ions ,  students f rom the CAI  class received the bet ter  examina t ion  
scores; in no s tudy did students from the convent ional  class get bet ter  scores on 
a final examina t ion  on course content .  A total of 23 of these 28 studies reported,  
in addit ion,  that the difference between CAI  and convent ional  classes was 
statistically significant. Overal l ,  these box-score results strongly favored CBE.  

The  index of effect size ES provides a more  exact picture of the degree of bene- 
fit from CAI  in the typical study. T h e  average ES in the 28 studies was 0.47; the 
s tandard  deviat ion of  ES was 0.29; and its s tandard  error  was 0.055. Th e  
average ES for these CAI  studies was significantly different from the average ES 
for C M I  studies, /(30) = 2.57, p < .05. 

The  average ES of 0.47 for the CAI  studies means  that in the typical study, 
pe r to rmance  of CAI  students was raised by 0.47 s tandard  deviations.  To  
interpret  this effect more  fully, it is useful to refer to areas of the s tandard 
normal  curve.  Approx imate ly  68 % of  the area of  this curve falls below a z score 
of 0.47. We can conclude,  therefore,  that students f rom CAI  classes per formed 
at the 68th percenti le on their  examinat ions ,  whereas the students who received 
only convent ional  instruct ion pe r fo rmed  at the 50th percenti le on the same 
examinat ions .  Or  put  in ano ther  way, 68% of the students f rom CAI classes 
ou tpe r fo rmed  the average s tudent  f rom the control  classes. 

Study features and achievement effects. Although the effect of CAI was moder-  
ate in the typical study, the size of effect varied from study to study. Effects of 
CAI  ranged in size f rom high of 1.3 s tandard deviations (Warner ,  1979), to a 
low of 0.02 s tandard  deviations (Easterl ing,  1982). It seemed possible that this 
var ia t ion in s tudy ou tcome might  be systematic,  and we therefore carr ied out 
fur ther  analyses to de te rmine  whether  different types of studies were produc ing  
different  results. These  analyses, however ,  did not disclose any significant 
relat ionships between study features and final achievement  scores (Tables  3 
and 4). 

Subgroup and subscore achievement effects. Several  studies that were coded for 
overall ach ievement  effects provided,  in addit ion,  in format ion  on scores of spe- 
cific subgroups of  students and on subtest scores as well as total test scores. 
Table  5 presents separate effect sizes for high- and low-ability students,  p r imary  
and middle grade students,  and scores on language and mathemat ics  subtests in 
studies that  repor ted  more  different iated results. 

Five studies examined  effects of CBE on both high- and low-apti tude students.  
T h e  average effect of CBE in these studies was to raise achievement  test scores of 
low-apti tude students by 0.41 s tandard  deviations and to raise scores of high- 
apt i tude students by 0.08 s tandard  deviations.  Al though the average effect on 
low-abili ty students appeared  to be larger  than the average effect on high-abil i ty 
students,  the difference be tween the two effects was not statistically significant, 
t(4) = 1.32, p > . 10. Eight  studies examined  effects on both p r imary  and middle 
grade students.  Al though the average effect in the p r imary  grades (M = 0.39) 
appeared  to be larger  than  the average effect in the middle grades (M = 0.25), 
the difference was not  statistically significant, t(7) = 2.07, p > .05. Finally, the 
five studies that examined  language and ar i thmet ic  results did not  produce  evi- 
dence for differential  effects. T h e  effect on language tests (M = 0.17) in these 
studies was ve ry  s imilar  to the effect on m a t h e m a t i c s  tests (M = 0.16),  
t(4) = 0.08, p > .10. 
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Table 3. Means and Standard Errors of Effect Sizes 
for 28 CAI Studies Classified by Study Features 

Effect Size 

Categories N M SE 

Use of Computer 
Drill-and-practice 24 0.44 0.05 
Tutorial 4 0.63 0.24 

Author of Program 
Local 10 0.45 0.08 
Other 18 0.48 0.08 

CCC Material 
Yes 15 0.46 0.06 
No 13 0.48 0.10 

Duration of Instruction 
One semester or less 12 0.47 0.07 
One semester-one year 14 0.49 O. 10 
More than one year 2 0.26 0.03 

Subject Assignment 
Random 5 0.57 0.21 
Nonrandom 23 0.44 0.05 

Instructors 
Same 7 0.44 0.09 
Different 21 0.48 0.07 

Time-on-task 
Experimental > Control 16 0.44 0.08 
Experimental = Control 12 0.50 0.08 

Test Author Bias 
Commercial test 22 0.45 0.06 
Local test 6 0.52 O. 11 

Evaluator Involvement 
Involved 19 0.51 0.06 
Not involved 9 0.37 O. 10 

Field-tested Material 
Yes 20 0.47 0.07 
No 8 0.45 0.09 

Class Level 
Primary (1-3) 4 0.62 0.20 
Primary & middle (1-6) 11 0.42 0.06 
Middle (4-6) 13 0.45 0.09 

Course Content 
Mathematics 17 0.54 0.07 
Language/reading 7 0.42 O. 11 
Combined 4 0.21 0.08 

Ability of Subjects * 
Low 15 0.44 0.07 
Average/mixed 13 0.51 0.09 

Nature of publication 
Unpublished 10 0.46 O. 11 
Dissertation 8 0.34 0.08 
Published 10 0.57 0.08 

Year of publication 
Before 1969 5 0.46 0.11 
1970-1974  12 0.48 0.08 
1975-1979  6 0.53 0.17 
1980-1984  5 0.37 O. 13 

* Populations examined in the 28 studies were either disadvantaged or representative of the school population 
in ability. None of the studies was restricted to a gifted, or high-ability population. 
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Table 4. Relationships of Time-on-Task Variables 
to Achievement Effects in 28 CAI Studies 

Variable M Range r with ES 

Sessions per week 4.18 1-5 0.08 
Number of weeks 26.43 3-108 -0.18 
Minutes per session 14.96 5-30 0.08 
Total time-on-task in hours 25.96 1.33-180 -0.10 

Table 5. Effects Sizes for Subgroups and Subtests within Studies 

Ability Content Grades 

Study Low High Language Mathematics Primary Middle 

Chiang, Stauffer, & Cannara (1978) 0.24 O. 14 
Coffman & Olsen (1980) -0.17 0.15 -0.01 -0.01 0.14 -0.17 
Davies (1972) 0.18 0.39 
Dunn, Morgan, & Richardson (1974)-- 

Study I 0.55 0.35 
Durward (1973) 0.54 0.08 
Easterling (1982) 0.01 0.02 
Mendelsohn (1972) 0.62 0.40 
Metric Associates (1981) 0.50 0.15 0.42 0.28 
Morgan, Sangston, & Pokras (1977) 0.23 0.13 0.17 0.24 
Prince (1969) 0.89 -0.32 0.87 0.44 
Ragosta (1983) 0.10 0.49 0.35 0.25 
Suppes & Morningstar (1969) 0.40 0.16 

Follow-up examinations. Five of the CAI studies reported results from follow-up 
achievement examinations administered after the completion of computer-based 
and conventional teaching. In each of the studies, the follow-up scores were 
higher in the CAI class than in the conventional class. Delon (1970) reported a 
follow-up ES of 0.30; Dunn,  Morgan, and Richardson (1974), an ES  of 0.47; 
Litman (1977), an ES of 0.08; Prince (1969), an ES of 0.38; and Miller (1984), 
an ES of 0.14. The average ES in the five studies was 0.27; the standard 
deviation of ES was 0.16, and the standard error was 0.07. 

Attitudes toward subject. Only one of the CAI studies presented student attitude 
results in a fashion that yielded an ES  (Cranford, 1976). That study showed a 
small and statistically nonsignificant (ES=0 .10)  positive effect of CBE on 
student attitudes towards mathematics. 

D I S C U S S I O N  

The major finding in this study was the positive effect that CAI had on achieve- 
ment of elementary school children. In the typical application, students received 
approximately 26 hours of CAI: 15 minutes per day, for 4 days a week, and for 
a total of 26 weeks. The effect of this instruction was to raise student achieve- 
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ment scores (relative to conventional instruction) by 0.47 standard deviations, or 
from the 50th to the 68th percentile. This effect is similar to effects reported in 
earlier reviews. Burns (1981) and Hartley (1978), for example, each reported 
gains of approximately 0.4 standard deviations from CAI in elementary school 
mathematics. The closeness in results from these different meta-analyses is 
impressive in view of the minimal overlap in the studies they covered and the 
different methodologies used in the analyses. 

The results of this meta-analysis lend some support to the notion that CBE 
effects differ at different instructional levels (Kulik, 1981). CAI, for example, 
appears to have its strongest effects in elementary schools; its effects appear to be 
weaker in secondary schools and weakest in colleges. The average effect of CAI 
in elementary school programs examined in this analysis was to raise achieve- 
ment scores by 0.47 standard deviations. Bangert-Drowns, Kulik, and Kulik 
(1985) found an average effect of 0.36 standard deviations for CAI in secondary 
schools, and Kulik and Kulik (1985) found an average effect of 0.26 standard 
deviations in colleges and universities. High school and college students appar- 
ently have less need for the highly structured, highly reactive instruction pro- 
vided in computer drills and tutorials. They may be able to acquire basic 
textbook information without the cues and feedback that CAI systems provide. 

Results from only four studies were available to assess the impact of CMI  at 
the elementary school level. Although the reader must be cautious given the 
limitations of this information, it appears that CMI  is less effective with younger 
learners and better suited to older students. The average effect of CMI  in 
elementary schools was to raise student test scores by 0.07 standard deviations, 
whereas its average effect in secondary schools was to raise scores by 0.40 stan- 
dard deviations (Bangert-Drowns et al., 1985) and its average effect in colleges 
was to raise scores by 0.35 standard deviations (Kulik & Kulik, 1985). This 
pattern may be attributable to the features of the computer exploited in most 
CMI  systems. In CMI,  the computer simply acts as the teacher's clerk; it scores 
tests, keeps records, and arranges schedules. Like other forms of individualized 
instruction, CMI  requires learners to pace themselves properly, work indepen- 
dently, and make their own choices. These requirements may exceed the abili- 
ties and motivation of very young learners; they may be more appropriate 
requirements for older students. It is not surprising therefore that the greatest 
successes of noncomputerized individual instructional packages have come at the 
higher grade levels (Bangert, Kulik, and Kulik, 1983; Kulik, Kulik, & Cohen, 
1979). 

Like other meta-analyses carried out in recent years, this one did not find 
strong relations between study features and outcomes. Studies with different fea- 
tures produced similar outcomes. ESs were very similar, for example, in true 
experiments and quasi-experiments. In other meta-analyses that our research 
team has carried out on effects of instructional technology, results from true-and 
quasi-experiments have been nearly identical (Bangert-Drowns, Kulik, & Kulik, 
1984), and so we were not surprised by our failure to find differences on this 
study feature. Results with other study features, however, were less predictable. 
Kulik, Bangert, and Williams (1983) have suggested, for example, that CBE 
programs are growing more effective with time. In the present meta-analysis, 
ESs from different time periods were very similar. Other researchers have specu- 
lated that time-on-task might explain some of the variation in outcomes of 
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c o m p u t e r - b a s e d  teaching (e.g. ,  Suppes  & Morn ings t a r ,  1969). In  this meta -  
analysis,  ESs  were very s imilar  for imp lemen ta t i ons  with and wi thout  controls  
for t ime-on- task .  

It  is i m p o r t a n t  to note that  the record of C B E  effectiveness that  we have 
descr ibed rests on specific c o m p u t e r s  used in specific ways for specific purposes .  
T h e  record m a y  not apply  to machines ,  approaches ,  and  object ives not exam-  
ined in the studies in our  meta-ana lys i s .  C u r r e n t  interest  in instruct ional  com- 
put ing ,  for example ,  has been  s t imula ted  great ly  by the d e v e l o p m e n t  of 
m i c r o c o m p u t e r s  in the last 15 years.  M i c r o c o m p u t e r - b a s e d  systems have  their  
own characterist ics:  their  own software,  their  own m a n a g e m e n t  systems,  and 
their  own scale of  opera t ions .  On ly  1 of the 32 studies located for this meta-  
analysis  e x a m i n e d  the effects of  a m i c r o c o m p u t e r - b a s e d  system. Eva lua tors  will 
have  to give m u c h  more  a t ten t ion  in the future  to effects of  such m i c r o c o m p u t e r -  
based systems.  

As d r a m a t i c  as changes  in h a r d w a r e  have  been in recent  years ,  they are no 
more  i m p o r t a n t  than  the changes  that  have  occurred  in concept ions  of  compute r -  
based teaching.  Early appl ica t ions  of the c o m p u t e r  in teaching emphas ized  com- 
puter  tu to r ing  and drills. C o m p u t e r s  p resen ted  lessons, p rov ided  drills on course 
mater ia l ,  and kept  records.  Recen t  deve lopmen t s  have  b r o a d e n e d  this concep- 
t ion of  the compute r ' s  role in educat ion.  In  addi t ion to serving a tutorial  func- 
tion, today 's  compu te r s  also assist in inst ruct ion when  they p e r f o r m  rout ine  
calculat ing and clerical tasks for s tudents  and even when they serve as " tutees ."  
O u r  c o m p u t e r  searches p roduced  no adequa te  evaluat ion  studies of these excit- 
ing new deve lopmen t s  in c o m p u t e r - b a s e d  e lementary-school  teaching.  Evalua-  
tion work on these areas  is bad ly  needed.  

Eva lua tors  also need to invest igate  a wider  range  of educat ional  ou tcomes  
than they have  in the past.  T h e y  have repea ted ly  examined  c o m p u t e r  effects on 
ach ievemen t  scores, bu t  they have  given inadequa te  a t tent ion to the compute r ' s  
effects on at t i tudes toward  school, a t t i tudes  toward  compute r s ,  and instruct ional  
efficiency. In  addi t ion,  eva lua tors  of  C B E  have given a lmost  no a t ten t ion  to the 
compu te r ' s  effect on acquisi t ion of h igher  order  skills, t ransfer  of gains to other  
areas,  and  in te rpersonal  ou tcomes  of c o m p u t e r  uses in the c lassroom. I f  educa-  
t ional eva lua tors  turn  their  a t tent ion to such mat te rs ,  the years  ahead  will pro- 
duce eva lua t ion  studies that  be t ter  reflect the b r ead th  of c o m p u t e r  uses in 
educa t ion  and  the b read th  and  depth  of goals of  e l emen ta ry  educat ion.  
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