DOCUMENT RESUME

_ED 277 335 | | , IR 012 384
- -AUTHOR ==~ Ngaiyaye, Morven S. W.; VanderPloge, Arie
- TITLE - . Differential Effectiveness of Three Kinds of
e Computer-Assisted Instruction.
PUB DATE ~Apr 86 - .
- NOTE - -15p.; Paper presented at the Annual Meeting of the

. American Educational Research Association (67th, San
SRR -+ Francisco, CA, April 16-20, 1986). '
-PUB TYPE - Reports - Research/Technical (143) --
RN Speeches/Conference Papers (150)
- EDRS PRICE  ~  MF01/PC0l1 Plus Postage.
DESCRIPTORS *Academic Achievement; Analysis of Covariance;
' - *Computer Assisted Instruction; Conventional
Instruction; Data Collection; Data Interpretation:
*Disadvantaged Youth; Elementary Education; .
*Hypothesis Testing; Instructional Systems;
*Intermode Differences; Mathematics Achievement;
Microcomputers; Reading Comprehension; Systems
Development; Vocabulary

ABSTRACT g S '
. .- . This study of the effects of computer-assisted

instruction (CAI) on the academic achievement of educationally -

- disadvantaged students in grades 2 through 8.in four urban schools
tested. three hypotheses: (1) supplementary CAI programs are v

" significantly more effective than non-CAl supplementary instruction

- approaches for disadvantaged.students; {2) school-based supplementary
- CAl programs are significantly more effective than district-based

- programs _for this group; and (3) vendor-based programs are less
~effective than programs developed within the system by school
personnel. The effects of three types of CAI programs are compared--a
vendor supplied microcomputer system, a system-wide CAI program, and
a school-based system--with both experimental and control groups for
each program. The areas of study included reading comprehension:
vocabulary; and mathematical concepts, problem-solving, computation,
and composite skills. Analyses of the data failed to produce
sufficient evidence to support the contention that disadvantaged
students learned more when exposed to CAI, nor was there strong
evidence that the impact of CAI varied with the system or the i
approach used. This:report includes the purpose and objectives of the
study; information on sample selection and procedures for data
analysis and interpretation; study findings; and recommendations for

~future studies. Tables display data on the study sample by schosol,
.program, sex; and grade;.pre- and posttest scores; and estimated
posttest mean scores. Appendices provide a’ two-page reference list
‘and analyses of the data on the six areas of study. (DJR)

***********************************************************************

* Reproductions supplied by EDRS are the best that can be made *
* .

: , from the original document. *
***********************************************************************




* DIFFERENTIAL EFFECTIVENESS OF THREE KINDS
OF COMPUTER-ASSISTED INSTRUCTION

u.s. DEPAMMENT OF EDUCATION
Office of E and imp

¥ EDUCATIONAL RESOURCES INFORMATION
: CENTER (ERIC)

This document hss been reproduced as . Morven SO w- Ngaiyaye and Arie VanderP] Oge
::‘I:gal::l:ﬁng"ﬁ.m the person or organization . ) Ch'icago BO ar‘d of Ed uc a_tion

0O Minor changes have been made to improve |
reproduction quality.

“mont o not necessarily represent official |
OERI position or policy.

ABSTRACT

This: study - 1nvest1gates the effects of computer-assisted
_instruction (CAI) on academic achievement. Three types of
CAI are compared, with control groups in each program to

~~make. achievement comparisons. Differences.between types of
'CAI and effects of CAI are 1nvestigated

subjects in each- sch001 to reduce school effects. An

analysis of covariance using: pretest scores adjusts for

initial achievement differences between CAI program schools.
.-Multiple comparisons are used to show differential effects

Ta)
N
;gr,_:» R -Samp1es of subjects are drawn for each program with control
r~ E
(Q¥]
(]
L of the various.GAI programs.

’,The Probnan_‘.

. Computer-ASS1sted Instructlon (CAI) is growing at a rapid rate
~ with great diversity of approaches, An ever-increasing number of
- institutions or agencies, both public and private, seem to rely on this
technological wonder as a means of accomplishing objectives. The
~Titerature is replete with evidence pointing to the extent to which CAI
seems to be employed. ' In the private sector, for instance, CAI is used
. for avariety of proaects ranging from training programs (Wehrenberg,"
- 1985 ‘and. Mayer, 1983) ‘to programs designed to change attitudes or alter
. the worker's sense of values (Billings, -1984). The armed.forces, too,
rely on CAl for training systems such as those in the Army (Bennik,
-1980) “and. the: remedial training programs operated for new recruits of
~ the Navy (H1sher 1981) State government and’ 1oca1 government agencies
~alsoappear to have Jumped on the bandwagon, using ‘CAI for programs to
improve employment-opportunities for adults (Broussard, 1983, and
- Caldwell:and others, 1984) or programs for changing behavior and
;;”improving the attitudes of those who have offended society (Florence V.
~ Burden.Foundation, 1984). But, perhaps the.largest users of CAl are

lét* . school systems, including co]leges and universities.
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‘ ~ The: use of CAI ‘at. the elementary school, high schoo], or college
',levei is so widespread that it would seem every aspect of the curriculum
"is covered. Evaluation reports indicate that some of the curriculum
areas where some form of CAI is provided include: (a) programs for the
-improvement of writing and composition (Petersen, 1983? (b) bilingual
“-instruction’program (John Jay School Projcct, 1985); (c) supplemental or
~remedial-instruction for ‘low achieving students (Adams, 1983; Beck,
1983;- and Wallace, 1984); (d) drills.and tutoria]s (Becker, 1984),

:-(e) ‘'summer.- school programs (Silfren, 1984); (f) improving sttitudes,
learner control, and transfer of learning (Clark 1984); (g) special
“education’ (Smaldino, 1983); (h) simulations (Fisher, 1982); and

(1) undergraduate instruction (Ku]ik 1680; Baum, 1983 Brown, 1983;
Goddard 1983 and Stemmer, 1983)

: The use of CAI is on the increase' nevertheless very little is
anown about the effectiveness of the computer-based education. The
-extent of -the “impact of computer programs.on learning is a question yet
-to be fully explored. : Specifically, what needs to be determined, with
the highest degree of certainty, is whether or not the use of CAI does
- boost achievement levels of students, particularly the educationally

" disadvantaged Further, if CAI does indeed promote learning, then the
factors associated with successful CAI programs must be identified so
“that administrators and teachers can choose wisely from the growing

, variety of computer-assisted instruction systems. Herein lies the need
“to continue studies of this important educational field. ‘

Purpose of the Study e,

The present -study focuses on the following key questions: (1) For
the educationally disadvantaged, does CAI improve achievement? (2) Is
CAI significantly superior to conventional or non-CAI approaches to

“instruction? and (3) Does the effectiveness of CAI vary with program
design or systems? -

The: 1iterature, to date, sheds very 1ittle light on these
questions. In the last several years, those who have investigated CAI
programs seem to be divided in terms of their opinions regarding the
effects of such programs. .Some claim CAl is capable of helping learners
become better readers, calculators, writers, and.problem solvers. Others
believe that computers may not yield unique learning benefits.

"~ The research:done by Kulik seems to serve as a cornerstone for
much of the argument that views computers as va]uable tools for teaching
-and learning. Specifically, Kulik ciaims that: {a) computer-based
‘education is capable of producing positiye effects on the achievement of
elementary students. (1984 and 1985); (b) CAI can produce substantial

savings in-instruction time (1983); (c) CAl fosters positive attitudes
toward computers (1983); and (d) in general, computers can be used to
~help Jlearners become better readers, calcu]ators, writers, and problem
‘solvers (1983). Kulik's conclusions on the effects of CAI seem to be



~‘supported by Smaldino (1983), whose study claimed that the benefits of

* CAl may be.realized’even in the area of special education. Smaldino's
"¢laim was hased on.a study that found that learning-impaired subjects
made significantly fewer errors on prob]em-solv1ng tasks when exposed to
m1cro computer cond1t1ons.

. Ku11k's research f1no1ngs and those of other investigators in his
camp appear to.contradict, directly, the conclusions reached by another
-group-c¥f. researchers. Speak1ng for the latter, Clark (1984) does not
_seen to believe.in the effectiveness of computers as a medium of
3;1nstruct1on.; Clark argues that existing evidence, including that -
~derived via meta—analytical techniques, indicates computers do not yield
learning benefits (1984). ‘According to him, evidence to the contrary is
" 'subject to compe111ng rival hypotheses concerning novelty effects.
‘Further, where: ‘achievement gains have been noted, he believes that it is
_not"-the media that: influence -performance but the instruction strategies
~used with the ccmputers.. In view of all this, Clark (1984) suggests
. that all research on the léarning benefits of the instructional uses of
computers should be halted until there is a plausible reason to expect
that computers are 1nstrunental in 1mprov1ng 1earn1ng

L The fact’ that op1n1on is d1vided in the research commun1ty,

- compounded with the increase in demand for, or growing variety in, CAl

- systems, makes it 1mperat1ve to continue research studies until
~sufficient evidence is available that refutes or supports, beyond the
shadow -of doubt, effectiveness of computer-based education. In
_addition, research studies carried out so far have yet to cover the wide
‘range of school settings, each made unique by its own local situation
factor. ~Thus, the present study is focused primarily on the use of CAI
- for disadvantaged students. -

ObJect1ves ‘of the Study

From an educat1ona1 point of view, perhaps the major differences
among CAI systems arise from the decision-making process responsible
for, -and associated with, the implementation of each program. In a
vendor supplied micro system, the decision to acquire and implement the
program is generated at the school level, between the principal and his
staff, and .in consultation with a vendor. However, the control of the
_program's curriculum and the techniques used are fixed by the vendor. In
a system-W1de CAI program, the decision to acqu1re and implement the
‘program emanates largely from the central office in consultation with a
~vendor. The role of schools and teachers is 1imited to the mechanics of
implementation. In a school-based design, the teachers figure
-prominently in the decision-making process. ‘In all probability, the
decision to acquire the CAI program is shared between the principal and
the classroom teacher responsible for implementation of the program.



f ‘ w1th respect to the purposes for this study then, the following
. speC1f1c hypotheses are. ana]yzed

“‘37'1;"«For the educat1ona11y disadvantaged students, supple-
© . “mentary CAI programs are significantly more effective
- than non-CAI supplementary instruction approaches.

o 2;:‘For the educat1ona11y d1sadvantaged students, school-
'~ based supplementary CAI programs are significantly more
_effective;thantthe district-based programs.

: 3,' For the educationale disadvantaged students, ‘vendor-
. based programs are less effective than programs
developed within the system by school personnel.

Smme4

. A samp1e of educationally disadvantaged ch11dren enrolled in a
‘variety of ‘computer-based supplementary pull-out programs was requ1red
for this study. Six schools operating five distinct computer-based
supplementary pull-out programs were found in the subdistrict of a large
urban school.system with the lowest general socioeconomic indicators.

" One .thousand five (1,005) participating students, functioning below
grade level according to teacher judgment, were identified. Of these,
47 were deleted from the analys1s because they started in the program in
m1dyear.a - o ,

R The system s computer1zed files of test data and student status
© were used to identify a group of students to serve as controls for the
study. . .The control group was also limited to students functioning below
.grade level. In ‘addition, to increase comparability, they were selected
from the same homeroom classrooms as the program participants. Three
hundred n1nety-five (395) such students were 1dent1f1ed o

To allow for both W1th1n-school and between-school analyses, it
~ was required.that for each CAI program at each school there exists a
roughly €quivalent-size control group. This requirement removed two
.schools and two programs from the final sample. Table 1 displays the
final sample by school, program, sex, and grade. To jump ahead
somewhat, it is clear upon inspection of the table that any joint
analysis will be plagued by empty cells and nonorthogonality.




TABLE 1

SAMPLE
: ‘ GRADE
- School Program Subject Male/Female 2 3 4 5 6 7 _8
" A Vendor Math 30 28 0°0 2 0 02 0
"~ . - Vendor Reading/ o
‘ Mathematics 24 32 O 0 0 37 19 0 O
Control E ‘ 34 51 0O 0 28 2 28 27 O
B District Reading/ '

Mathematics 62 60 0O 0 0 33 31 30 28

Control 15 17 0 22 3

C School Reading/ o
Mathiematics 24 23 19 28 0 0 0 0 O

Control 46 53 36 63 0 0 O 0 O
D District Reading/

' Mathematics 51 65 0.0 30 35 14 15 22

Control ' 45 35 0 0 10 21 25 15 9

TOTAL 331 365 55 91 97 130 139 119 64

: Table 2 displays the mean pre- and posttest NCE scores for the

final sampie. Several comments are in order. A few of the sampled
students were missing on either the pre- or posttest. These students
are omitted from analysis.



TABLE. 2 _
SUMMARYlOF PRE- AND POST-TEST NCE SCORES
Reading

P , S Comprehension Math Composite
School Program - Statistic' Pre ~ Post  Gain Pre  Post  Gain

A Vendor  Mean  31.3 315 0.3 44.4 46.2 2.0
. s.D.. 16.2 17.1 11.1 15.4 - 16.5 8.6

N "s4 g5 54 112 113 112 7 -
Control °~  Mean . 46.6 39.5 --6.9.° 43.3 40.2 -2.9
- S.D. 0.7 12.1 9.9 14.6 13.8 10.0
- N 85 83 83 84 83 82 v

B District -~ Mean - 27.9 20.6 <iffi) 32.6 30.7 -1.8

0
S.D. 10.0 13.2 12.2 - 13.6 14.7 11.6
N 11 117 110 111 117 110
Control Mean 20.8 29.5 3.5 28.4 28.7 ~-1.0
S.D. 11.3 15.8 14.2 15.6 18.2 12.3
N ' 31 29 28 31 29 28
C School - Mean 38.1 32.4. -5.9 37.4 3.3 =-2.9
: S.D. 11.2 14,3 15,9 15.5 15.6 17.7
oo N 34 46 33 35 46 34
Control Mean 46.2 40.0 -5.,5 49.8 41.1 -8.0
S.D. 14.8 14.8 13.2 18.3 17.5 16.7
N 87 95 83 86 95 82
D District . Mean 38.7 36.3 -2.4 43.1 40.3 -2.8
: oo S.D. 14.2 15.2 13.3 15.0 14.8 10.7
N - 114 - 114 114 113 114 113
Control Mean 30.2. 28.8 -1.0 34.5 31.8 -1.9
s.0D. =~ 16.5 16.8 13.9 16.6 17.7 13.1

N 79 76 76 76 76 73

The difference between the pre- and posttests is negative in 12 of
the 16 cells of Table 2, hardly what one could wish or would expect.
~ However, the district 1nst1tuted a policy of strict test security and
‘uniform test administration between the pre- and the posttest. Scores
" citywide went down:at all grade levels. Presumably, analysis of
- covariance cou]d adjust for this pattern.

-6-




L At most of the schoo]s, the CAI students have h1gher pretest means
jfthan the control ‘group. - This suggests failure to control adequately for
“incoming: ‘differences. "However, this pattern was not totally unexpected.

“ It.was deemed more appropriate to select control groups from. the same

- educational env1ronment (that is, from the same classrooms) as the CAI
. students than to vary environments in order to control entry charac- '
“teristics. Again, it was assumed that covariat1on or b]ock1ng could be
‘used to adjust for such differences.

0n the other hand, at two schoo]s for read1ng and one for math-
emat1cs, the CAI group had higher pretest scores. This was unexpected.
-.Possibly, ‘since students were.selected to these programs on teacher
 judgment of need, it may be that the teachers understood that the
- pretest scores were sometimes biased. On the other hand, staff may
“. have assigned ciudents to the program on the basis of teacher expecta-
tions of studcuts’ ability to benefit, rather than strictly accord1ng to
need.. -Whatever the reason, these facts raise doubt that covariance
,analys1s can: effect1ve1y adJust for preex1st1ng differences in this
smﬂe. ' _ _

Table 2 also appears to d1sp1ay 1imited variance. The expected
value of the standard deviation of a distribution of NCE scores in a
~normal population is 21.06; the typical standard deviation in this
‘sample is more on the order of 14 or 15. This fact would serve to
“attenuate any actual relationships. - |

Procedure

The bas1c model to be f1tted to these data was to be built using

analys1s of covariance with one factor for CAI composed of four levels

*‘(vendor-based district-based, school-based programs, and control
groups), using the posttest as the dependent variable and the pretest as
"a covariate. However, as Tables 1 and 2 have made clear, between-school
and between-grade effects could be expected to play a role. The
modified model therefore contained three factors: school, grade, and
treatment in a4 x 7 x 4 design. Sequential decomposition of variance
nas used, W1th the school factor entered first and the treatment factor

ast - , .

This model was app11ed six t1mes, one for each of. the following
_subtests of the standardized achievement battery used by the system:
 reading comprehension, vocabulary, mathematics concepts, mathematics

problem solving, mathematics computat1on and the mathematics composite.
- A11 analyses were conducted in the NCE metric. (It has been argued that
"~ use of NCEs avoids the need totest—for-grade-effects;—since-scores.-from_
all levels of a test battery are comparable in this metric. Such was
~not true here, however.) ‘

-7-




‘ F1rst full rank models were est1mated If interaction effects
ﬂwere not- present (p<0 05), they were removed from the model and the
‘ reduced-rank model- emp]oyed to obtain estimates of the effect
1parameters., Significant interactions between the school and grade
: factors were assessed pr1or to the treatment factor.,

S Pr1or to" the final model the dependent var1ab1e and the covariate

. were tested for.parallelism of the regression lines between cells. In

.. addition,. the homogene1ty of the variance of these varizbles between

- cells was, tested. "For. all subtests homogeneity.of variance was not
found. Given the number of cells (many empty) and the patterns observed
v1n Tab]e 2 th1s m1ght have been expected although it was not.

: where regress1on para11e11sm could not be demonstrated the
pretest was processed as: an interval factor nested within. the three
other factors. :Nesting in all three factors--school, grade, and

. treatment--was required in all cases, rather than nest1ng in fewer

- factors, which attests to the highly context-dependent nature of test
:resu]ts in these schools- and for these prograns.

-Discussion

. The ANOVA tables for a]] six anal yses appear in the appendix. In
no 1nstance did the treatment factor, net of school, grade, and pretest
'effects, reach: s1gn1f1cance. The grade factor, net of school and

- pretest effects, was S1gn1f1cant (p<0.05) in three ‘trials and nearly
‘significant in_a fourth.  The school factor, net of school and ‘pretest
effects reached s1gn1f1cance in-all trials except reading comprehens1on.
These results-confirm the initial reactions to Table 2: There is a great
variety among these schools and grades, but 1ittle or none of this
var1at1on can be assoc1ated w1th CAI ‘as a med1un of 1nstruct1on.

When th1s ana]y51s was first cons1dered, it was felt that the
overall test of the treatment factor would display the effect of CAI as
a medium of instruction and that the effects making up the factor
(school-based vs. control, district-based vs. control, and vendor-based
vs. control) would test the effect1veness of each type of CAI considered
as - the content of instruction.

. w1th none of the treatment factor F-ratios approaching signi-
ficance, a.look at the significance of the parameters for the school vs.
control, district vs. control, and vendor vs. control effects is hardly
L1eg1t1mate. Nevertheless, it is tempting to peek: Only 2 of the 18
effect coefficients in these six analyses produced a t-value associated
with p<0.10. Clearly, this gives no support to any substantive effects

re]ated —to_ _differences in- content of CAI as a mode of instruction.



TABLE 3
* ESTIMATED POSTTEST MEANS

Test - - District - School  Vendor  Controi
" "Reading Comprehension 34.43 - 30.94 7 34.20 -33.35
‘Vocabulary - = . 29.24 28.62 © 26.83 31.39
~Mathematics Concepts 34.89 . 34,18 45,53 32.69
--Mathematics Problem Solving 34.59 1 41.09 39.92 34.99
“Mathematics Computation ' 41.06 34.43 51.03 42.42

~ Mathematics Composite . - 35.33 34.99 44,39 34.43

. Table 3 reports the adjusted means estimated by each model. These
could be interpreted to suggest that the vendor-based program's content
may be slightly more effective in mathematics, but that interpretation -
has no statistical foundation, as demonstrated above. In addition,
analysis of variance models conducted within each school (these are not
~reported here) found no significant effects.
- Conclusion .
-~ The purpose of the study was to determine whether CAI affects the
achievement levels of educationally disadvantaged students. On the
basis of the data analyzed for the study, the evidence is insufficient
to support the contention of superiority of CAI. Specifically, our
analyses did not indicate that disadvantaged students learned more when
exposed to ‘computer conditions. Nor was there strong evidence to
‘suggest.that the- impact .of CAI varied with the system used or the
~ approach--it made no. difference whether the students were enrolled in a .
school-based computer progran, a vendor-based program, or a system-wide
program. ' :

"The conclusion drawn with respect to the study should not,
however, be taken to mean that computers are not valuable learning
~tools. We are not making that point. Similarly, we are also not
suggesting that all computer programs were created equal. Indeed,
during the course of our investigation, every teacher and every
principal we talked to fervently supported not only CAI but also a
particular brand of CAI. It may.be that our study failed to uncover
significant differences simply because of the design used and the sample
available for investigation.. '

- 1o



. -In"view of the large suns of money being spent on computers, we

.- recommend that CAI. program developers test their own programs prior to

., packaging for distribution or sale to schools. At minimum, such tests

- .should “include adequately designed and statistically based evaluations

- of .the outcomes of the programs in-a real school setting. Following
_that, we also.recommend that developers of CAl programs precisely"
'specify. the outcomes their programs are expected to bring about. A1l

- .too often, researchers (including ourselves) assess programs on the

- basis of achievement test results because that is all that is available

~to us, even though these may not be the outcomes intended by the
developers. ~Finally, we recommend that the study of CAI be continued to

. identify factors associated with effective programs (if any be found)

~ for the benefit of all.
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APPENDIX

1. ANOVA for Reading Comprehension

. Source of Variation - $S DF_ MS _F P<
~ Within cells 77164.01 552 139.79
Covariate regression 34237.29 1. 34237.29 244.92 0.000
.. Constant ‘ 6553.07 1 6553.07 46.88 0,000
~ School - 32.24 3 10.75 0.08 0.972
- Grade ' 826.53 5 165.31 1.18 0.316
Treatment 638.21 3 212.74 1.52 0.208
2. ANOVA for Vocabulary »
Source of Variation sS __DF MS F_ K
Within + residual 60100.90 -538  ~ 111.71
Constant - 565317.23 1 565317.23 5060.50 0.000
Pretest within factors = 66210.81 28 2364.67 21.17 0.000
School 2075.18 3 691.73 6.19 - 0.000
Grade o 1150.08 5 230.02 2,06 0.069
School by grade 1969.18 6 328.20 2.94 0.008
- Treatment 594.46 3 198.15 -1.77 0.151
3. ANOVA for Concepts o _ _
- Source of Variation SS DF MS F P<
Within + residual " 83013.75 594 139.75
Constant 892006 .56 1 8920056.56 6382.70 0.000
~ Pretest within factors 74152.77 30 2471.76 17.69 0.000
- School 2905.85 3 968.62 6.93 0.000
Grade 1746.07 5 349.21 2.50 0.030
Treatment 639.35 3 213.12 1.52 0.207
4. ANOVA for Problem Solving _ .
- Source of Variation SS CDF MS F P<
*Within + residual 98067.73 593 165.38
~ . Constant- . - - 908409.92 1 908409.92 5493.01 0.000
.. Pretest within factors 71699.12 30 2389.97 14.45 0.000
-~ School - 4312.35 3 1437.45 8.69 0.000
. _Grade - 970.13 5 194.03 1.17 0.321
[Tfeatment : 323.62 3 107.87 - 0.65 0.582
-13-

'Q;Qiflfi{f ;-L,ﬂ4fﬁ




(S 7]

APPENDIX (Continued)

. - ANOVA for Mathematical Computation

Lo =14-

Soufce of Variation SS DF MS F P<
i_w1thin + re51dua1 92318.73 6584 92318.73
Constant 1216469.47 1 1216469.47 7695.28 0.000
~ Pretest within factor - 112806.10 30  3760.20 23.79 0.000
"~ School ‘ 2829.42 3 943.14 5.97 0.001
~ Grade 1937.26 5 387 .45 2.45 0.033
‘School by grade : 1814.85 6 302.47 1.91 0.077
;Treaunent | _ 464.11 3 154 .70 0.98 0.402
.- ANOVA for Mathematics Total
Source of Variation SS DF MS F P<
" Within + residual . 70089.17° 586 = 119.61
- Constant ' 924501.23- 1 924501.23 7729.55 0.000
" Pretest within factors 104807.52 30 3493.58 29.21 0.000
" . School 1379.03 3 459 .68 3.84 0.010
Grade - . 2149.80 5 429.96 3.59 0,003
School by grade 1064.38 6 177 .40 1.48 0.181
Treatment 27.26 3 9.08 0.08 0.973



