)
oy
g
=]

DOCUMENT RES

ED 237 327 ’ SE 043 411

AUTHOR Henderson, Ronald W.; And Others

TITLE Theory-Based Interactive Mathematics Instruction:
Development and Validation of Computer-Video
Modules., )

INSTITUTION California Univ.,, Santa Cruz.

SPONS AGENCY National Science Faundﬁtlon, Washington, D.C.

PUB DATE Aug 83

GRANT NSF-SED-80-24701

NOTE 99p. . o ,

PUB TYPE Reports - Research/Technical (143)

EDRS PRICE MF01/ECU4 Plus Postage.

DESCRIPTORS *A~ademic Achievement; Affective Objectives;

*Computer Assisted Instruction; *Computer Oriented
Programs; Computer Programs; Fractions; H;gh Schools;
*Material Development; Mathematics Education;
_*Mathematics Instruction; Mathematies Skills;
‘Microcomputers; Performance Factors; Prime Numbers;
*Secondary School Mathematics; Student Attitudes;
Videodisc Recordings

IDENTIFIERS Factoring (Mathematics); Mathematics Education
Research; National Science Foundation :

ABSTRACT

Theory-based prototype computer-video ;nst:usticnal
modules were developed to serve as an instructional sugglement for
students experiencing diff;culty in learning mathematics, with
special consideration given to students underrepresented in
mathematics (partlculafly women and minorities). Modules focused con
concepts and operations for factors, prime numbers, and fractions,
Task analysis and demand specification procedures were used to
sequence instructional objectives within and across tcp;cs. Cognitive
social theory provided a framework for the 1ﬂ:afparat1§n of
attentional, retentional, and motivational variables into the video
sequences. Results of flEld trials show that the modules were

effective in teaching/reteaching mathematical skills/ﬂancepts to

secondary school students who had not made normal progress in
mathematical learning. In the first trial, students who used
materials gained a significant advantage over control subjects in
skllls/cancepts invelving factors ‘and prime numbers. The pattern of
'gains attributable to these modules was replicated in a second trial,
but without a control group. Corparable effects were also found to be
associated with use of fractions modules, but these results should be
interpreted with caution because of lack of a control group.
Additional results indicate that the interactive ccmputer—v;dea
modules had a beneficial effect on affective as well as cognitive

outcomes. (JN)

* Repraduct1aﬂs EUPPlléd by EDRS are the best that can be made *
* from the original document. *

*****i’**t**************t**************i**********i‘**i*********;‘r******** )




U.5. DEPARTMENT OF EDUCATION
NATIONAL INSTITUTE OF EDUCATION
EDUCATICHAL RESOURCES INFORMATION
TENTER (ERIC)

W Thia document has been reproduced by
received frorn the person or organization

ifig it

L1 Miner changes have besn made to improve
reproduction guality

“PERMISSION TO REPRODUCE THIS
MATERIAL HAS BEEN GRANTED BY

TO THE EDUCATIONAL RESOURCES

INFORMATION CENTER (ERIC).” -
|

ERIC

Aruitoxt provided by Eic:



Theory-Based Interactive Mathematics

Summary

A vast literature on computer applicationa in education provides
clear évidéncgi of the effectiveness of computer assisted instruection,
bgt the same bédy éf literature also shows that, after twenty years -af
devélapment; this powerful technology has had little impact on educa-
t;ang Similarly, research has demonatrated the capacity of instruec=
tional 'televisiaﬂ to serve as an effective instructional medium, but
systematic applications of it in educational aettiﬁgé are not
wideapread. The advent of new, low cost information ;eehnclasies which

can be understood and managed by teachers may now offer the mean

[+

oy
which some previc: irriers to the adoption of these potentially useful
tools might be overcome. Systems that join microcomputers and video
instruction into a single, interactive instructional system make it pos-
sible to averaaﬁe some of the inherent limitations of each medium when ,/

used singly, while enabling developers of inatructional materials to Z i

take advantage of the unique characteriatics of each approach. ;g#!

The work reported here was undertaken to develop théarysbased pﬁg¢§
totype inatructional matgrials designed to serve as an instrugg;éﬁal |
supplement for students experiencing difficulty in learning mathgﬁét;es-
The special needs of studenta who are underrepresented in mat;amatias,

particularly women and minorities, were given special Eonaiésfatigna

£

Field ftrials were conducted to validate thearisbaséﬁﬁeamputer!videa

inatructional modules desligned to teach or reviggleaneapta and opera=
’g{W'TaaE analysis and
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provided a framework for the incorporation of attentional, retentional,
and motivational variables into the videaisequgncés. Field %Eestiﬂg of
the factors and prime numbera modules revealed gtatistically and practi-
cally significant pre= to poatteat mer@vément of experimental over con-
trol 9th grade students. More limited testing of the fractions modules
with high aehaal students who had failed a basic skills competency test
required for graduation also provided evidence supp@rﬁing the efficacy
of the approach.

Attributions of succeas and failure in mathematies and non-
mathematical subjecta were were meaaured in a poasttest only design.
Subscale scores were analyzed with a principal components factor
analyais with varimax rotation. This analysis yvielded four factors, the
firat of which was a general attribution factaf for nonmathematical sub-
Jecta while” the second was a parallel factor f@é at.tributiona in
mathematica. All of the attribution acorea invelving effort loaded on
the third factor, and the final.factor consisted of ability attributions
in success situations. Subsequent regression analyses using the MAXR
procedure revealed that the beat one variable model for predigtiﬁn of
final score on the factors\prime numbers eriteéian test conaisted of the
mathematics attributions factor. The best two variable model added fac-
tor 3, effort attributions. Zero order correlations also revealed a
significant relationship between effort attributiona and group (experi-
mental and control) membership, such that experimental subjects attri-
buted their academic outcomes to effort to é greater degrée.than did

control subjects. These results indicate that the interactive
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computer-video modnles had a beneficial effect on affective as well as

cognitive outcomes.
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THEORY-BASED INTERACTIVE MATHEMATICS INSTRUCTION: DEVELOPMENT

The computer has become a ubiquiteus forece in American soclety
#ithin a relatively brief pericd of time. Its influence now pervadeg
almost every agpect of science, commerce, and industry. There have alsaeo
been optimistic predictiona that computers will revolutionize education,
but in aplte of very viaible and growing interest in educational  appli-
cationa of thia powerful technology, the impact of the computer and
associlated technology is only beginning to be felt (Watson, 1983),
Theras 13 widespread interest in developing the meana whereby the paver-
ful potential of this technology might be more fully realized. As a
measure to promote such advances, the Natianal'Séiénea\Faundatian and
the Naticnal Inatitute orf Education undertonk, in 1980, a. joint efforg
to stimulate the exploration of ways in which new information technolo-
gies could be used to facilitate effective instruction in mathematics,
The effort was especially geared to bring together at l=ast two indepen-
dent developments; 1) the availability of low cost information recording
and playing devices, and 2) recent advances in the understanding of cog~
ﬁitive processes.

The specific objectivea of the joint NSF-NIE program included the
development of prototypes -of relevant courseware, and methods for the
assessment of student progress. Additionally, +there was a special
interest in the exploration of approaches that would be reaponsive to
the special problems and needs of underrepresented groups such as women
and minorities. The project reported in this document was both a

reaponzse to this aset of priorities, and a union and natural extension of
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research and development work previcus 1y conducted independently by the
principal investigators. Specifically, the effort focused on the design
and development Of prototypes for theery-based computer-video instruc-
tional modules designed . to addreas t¥Ee general need for effective
inatructional software in mathematic==, with special attention to the
incorporation of features chosen to make= the materials appropriate for

minority and women satudents.

The Proble=m

A Crisis in Mathematics and Sciency Educ—ation

Throughout the nation there is a gr—owing dense of eanaeén about the
quality and status of wathematics and sc—ience education. The perception
of crisis in these areas of education i== based on a variety of different
forms of evidence that mathematics and science achievement i3 declining
among American secondary school and ecllege atudents. For example,
mathematics scores on college entrasmnce examinations "have dropped
steadily for the past 20 years (Naticenal Academy of Sciencesa, and

National Academy of Engineering 1982) .

Underrepresented Students

Within the context of this general problem, particular concern haa
been voiced regarding the apecial pl__ight of female and minority stu=
dentsa, both of whom tend to be underre=presented in the high school
mathematics tracka thiat lead to career-— opportunities in scientific and
technical fields. The study of mathemat -ics has been daggribede as the
ncritical filter" for entrance into many-— occupations (Sells, 1973). The
status of women students in mathematica - has been reported more fully

than that of minority students, perZhaps because the situation for
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minority students is often regarded as part of a more general pattern of
poor education and damsequént undarpreparec—iness in a number of curricu=

lar areas.

Sociologist Lucyfells (1975) found th==at of the freshmen admitted
to the Univeraity of (alifornia, Berkeley s in the fall of 1972, 57% of
the men had taken four full years of mathem==atics, compared with only 8%
of the women who hadimparable preparatior—. The four yéar mathematics
sequence 1s required ﬁradmissian to the ce==alculus sequeneé which, in
turn, 13 required fwﬁajaring in every f3 eld at the univeraity except
for traditionally lowir paying filelds. Simf= lar differences in mathemat-
ica preparation for pmand women firat year— atudents have been reported
at the University of (lifornia, Santa Barba==ra. Even though their par-
of women are shiftingtleir career interestt—s away from "traditional®
female careers, expriing inatead interest— in science and in technical
fields (Magarrell, 190). Similarly; mincsrity students are grossly
underrepreserted in ivanced mathematics ecc—urses in high school (Sells,
1979, 1980), effectiwly eliminating a large== spectrum of educational and-

career choices,

Clearly there isineed to reverse thiss trend of declining achieve-

ment in mathematics, and tc accomplish this in ways that can afford

women and minority stuents the:appartunity to partieipate more fully in

scientifiec and technital cureers. The promblems involved in responding
to this challenge aresacerbated by a sever—e shortage of teachers in

mathematica and scimee, and by general de=clines in appropriationa for

education. Reductionsin atate and local fuzmding for education in Cali-
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f~~ornia, for example, have resulted in larger classes and corresponding
r—=estrictions on the amount of time teachers can spend withi individual
s mtudenta who encounter difficulties.

Research along several lines is needed to address the educational
a-mnd social problems pfésentéd by this situation. One approach involves
b:e@asic research on the underlying causes of group differences in
m:mxathematics achievement and participation (Lantz & Smith, 1981; Reyes,
h:-Wote 3). While this reséareh on sccialization and other antecedent con-
d:1itions 13 of critical importance, it is.alao egsential to develop
ix_mmediate and effective means by which students now in school might be
hezelped. The application of educational technology has been suggested as
orene approach to this problem. The feasibility research reported in the
preresent study falls within this category. The general goal of this pro-
Jetect was to develop and test the efficacy of an approach employing edu-

¢z=ational technology as an adjunct to classroom instruction.

Although the general impact of inatructional applieations of com-
prsuters 1is barely perceptible at the pre’;sent time, there is a large body
0z -f research and evaluation literature on the ways in which computers
h=-mve been employed in an instructional capacity, and on the outcomes of
tE he applications. The findings reported 111 that literature are summér—
i=.zed in the following =ection to provide a e;mtiext— for the approach

t=—aken in the preaent project.

Re esearch on Computer Assisted Instruction

The literature on computer assisted instruction (CAI) has expanded

rsapidly ever since articles started appearing in the mid fiftiea. So
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much Eaaa been written, in fact, that a recent computerized search of the
CAI iterature netted over 500 tit.léa” (Rulik, Kulik, and Cohen, 1980C).
Consi=lering the enormity of thia bcdy of literature, the preaent summary
is dr=awn from review and synthesis articles.

BSeviews of the CAI literature fall into two categories. The most
commor—1 type, the box-score reviews, generally tally the number of stu-
dies ==howing favorable or ﬁnfavarable_results- for CAI, elaborated by
descr=3 ptiona and discussiona of the apecific atudies. Although these
reviewm=sa have been quite useful in summarizing the literature, t.hé_y have
not pEoroved to be definitive in solving the aometimes controversial
issue== surrounding the field. More recent reviews that combine the
findir—gs of separate investigations through meta-analysis (Glass, 1975)
provicde more definitive information. In these reviews, multivariate
stati==tics are used to synthesize findingas. Thia technique makes it
possit>le to draw reliable, reprodueible, and general conelusions from
diver=se studies on a given topic.

“Xhe early literature on CAI was verv enthuaiastic about the poten-
tial of the medium. One writer even likened CAI to haviné the tutorial
service=es of Aristotile available to the student (MeDougall,1975). Other
early visions of Al were equally enthusiastiec. Classroom3 were fore-
seen ==x3 filled with computers acting as infinitely patient tutors, seru-
pulou== examiners, and tireleas schedulers of instruction. This situa-
tion wwas expected ﬁ@ free teachers to work indiv;dfpaLly with their stu-
dents.= while the students themée;vas would be free to follow theiif own

pat:lis and paces (Kulik, Kulik, and Cohen, 1980).

| ST
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My writers agree that CAMAI has specific advantages as a teaching.
medivm CAI actively involves the individual in the learning process by
intarsiding with the learner, asmnd it can also be paced to the individual
learner (Chambers % Sprafzhaf; 1983),1 ‘t.hus making it possible for teach-
er3 toyend more time with eac==h student individually. Furthermore, it
iz ec3ded that these uniqusxe features of CAI make it especially well
sylted ir remedial education. Caﬁiaai@ner of Education Terrell Bell
(1974) dlaims that instruction in computer programming facilitates prob-
len soling. He believes that  computer programming reflects realistic
problen aélving because the pr——oblems could have a number of approximate
solutim, Feurzeig (1981) str-—essed tha: both the capacity of CAI to
present individually adapted inatruetion by giving the student control
oF boththe selection and pacin=g of material, and ;Lt.s_ ability provide
immedjie feedback could aer—=ve to increase student motivation. Hall
(198@),05\&3‘:35 that CAI presenzts a "no nonsenze" learning environment
in whid information is present.._ed compactly without any surprises during
the pramtation. He also note =3 that, in addition to the advantage of
baing pred to the student's . abilities and needa, the computer can act

as ap 1mpa15\t.ial judge of the at--udent's progress.

Valsties of Computer Assi. sted Instruction

Owr the last 20 years, cossmputers have come to be used in the
classtn in a variety of diff="erent ways. A number of authors agree on
two basituses of CAI: 1) as a . supplement to the regular classroom

pateriads and activities, an«.d 2) as substitutes for other modes of

-

instrudion (Chambers and SprecE her, 1930; Edwards, Haftanff Taylor, Van
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Dusseldorp, and Weiss, 19T4; Kulik, et. al. 1980).

In addition to supplementary or substituéa applications,. several
other kinda of CAI have peen developed. Coburn, Kelman, Roberts st. al
(1982) presented a good overview of these varieties of CAI. By far, the
moat common and the most diseu%sed application has been for drill and
practice programs. In this form of CAI, the computer simply presents a
problem (often a mathematical problem) for the student to solve. The
student then attempts the solution and the computer responds accordingly
with the appropriate feedback or reinforcement, followed by another:
prabiem; Another varianﬁ of CAI is the tutorial which provides instruc-
tional material in addition to the simple presentation of problems found
in drill and practice. Computer simulations are a relatively new form
of CAI i1in whieh the computer illustrates a real or imaginary system
baaéd on the modeler's theory of how that system operates. Instructional
games, which consatitute another type of CAI, are similar to video gamea
in that they operate by a clear set of rules, usually havala winner at
the end, and are designed to be fun to play. However, inatructional

- ,
games have some concept, knowledge or skill embedded in the game which
the student must master in order to play sugeessfulli- Another approach,
computer managed instruetion (CMI), testa =studenta' skills and " then

racommends additional instruction.

Besides these CAI applications, regular off-the-ahelf software,

2

such a3 word jprocessing and apread sheet programsa, have been used to

-

teach writing, typing, and accounting skills. Finally, programming the

computer itself has been used as a teachlng tool to aolve a great

variety of problems in different disciplines,.
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Ieh

ffectiveness of Computer Assisted Instruction

Perhaps the most commonly asked guestions in the CAI literature are
concerned with its effectiveness. Several different facets of CAI
effectiveness have been studied, and the major variables are reviewed
below.

Student Achievement

Student achievement was the most commonly studied variable dealing
with the effectiveness of CAI. Vinsonhaler and Bass (1972) ended their
review with the conclusion that the effectiveness of CAI over tradi-
tional instruction was rea ably well éstablished when performance wWas

rea, esapecially in the field of elemen-

s

measured by SAT and MAT type =:
tary education. Chambers and Sprecher (1980) found CAI either improved
learning or showed no difference -+hen compared to regular classroom
instruetion. Kearsley, Hunter, and Seidel (1983b) concluded their review
with the observation that CAI made instruction both more effective and
efficient. HcDeugall‘ (1975) also concluded CAI was at leasat as effec-
tive as traditional instruction, while Hallworth and Brebner (1980)
found that CAI created effactive learning in a variety of learners in a
wide variety of subjects.

A few researchers have explored the conditions under which CAI has
proved moat effactive. For example Edwards et. al (1974) found differ=-

ences in the effectivenesa of CAI, depending on whether it was used a

o

supplementary insatruction, or to substitute for other instructional
approaches. CAI as a claasaroom supplement increased student achievement
scorea,; while results were mixed when CAI was used to substitute for

regular instruction. Different results for different kinds of CAI have

13 B
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also been reported. Drill and practice appears to be effective, while

The results of meta-analyses help to delineate these previous find-
ings further. Burns and Bozeman (1981) reported that zarning was

enhanced significantly by supplementary use of CAI in mathematics. In a

evel CAI, Kulik et al. (1980) found that CAI

m
=
b

meta-analysis of colle
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raised achievement by a quarter of a standard deviation 1

¢lass. A subsequent meta-analysis at the secondary school level

These scores translated into an inerease of .32 standard deviation
advantage for the CAI c¢lasses. These authors also found stronger
effects in the more recent studies, suggesting that computer assisted
instructional techniques might be used more appropriately as experience

with the technology increases.

Learning Time

Several researchers have found CAI to reduce the amount of time

students need to learn (Chambers and Séréeher; 1980; Fourzeig,; 1981;

Hallworth and Brebner, 1980). One meta-analysis (Kulik et al., 1980)
reported substantial and statistically significant advantages for CAI
over traditional insatruction, in that CAI took leaa time than tradi-

the college level. In fact, CAI stuaents used 2/3

0
ct
=
0
o
W
ct
le]

tional insatru
of the amount of time required for traditional inatruction. Similar
results were obtained in Kulik et alt's (1983) meta-analysiz in which
secondary school level CAI classes were found to have time savings of

39% and 88%, although statistical tests could not be conducted because

14
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of an insufficient sample size.

Student Attitudes

Various reviews have explored the effect of CAI on student atti-
tudes. Chambers and Sprecher (1980) report CAI improved student atti-

. Generaiiy, student

fad

tudes towarda computers in the learning situstio

attitudes trwards CAI have been reported as positive (MecDougall, 1975).

”A'metaaana;ysis at the college level showed a small positive effect on

student attitudes towards instruction (Kulik et al, 1980), while another
such analysis at the secondary level revealed positive changes in stu-
dents' attitudes towards computers wWere more positive after CAI than
before, and there was a small positive increase 1in attitudes towards

inatru_tion.

Low Ability Students

There is some evidence that CAI may be particularly useful for low
ability individuals and for special educational students. For example,
Chambers and Sprecher (1980) found that low ability students gained more
from CAI than did higher ability studenta. Feurzeig (1981) also con-
cluded CATI was more effective for low ability students. A meta—analysis
at the =secondary school 1level (Kulik et al, 1983) iédieated that the
effects of CAI were stronger for low aptitude than for talented stu-
dents, but the number of studies waa too small for a teat of aignifi-
cance. A University of Calgary (Hallworth and Brebner, 1980) study sug-
geasted that the apecial qualities of CAI, 3uch as patient repetitive-
ness, individual instruction, and immediate feedback, were particularly

well suited for education of the handicapped. Finally, Jamison, Suppes,
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and Wells (1974) reported evidence which favored CAI versus discussion
groups Ffor special education. These authors also zasintained that CAI
can be used sucecessfully to improve achievement scores of disadvantaged

students at both secondary and college levels.

Effects of Specific Instructional Variables.

Although CGAI has been found to be effective for a number of dif-
ferent subjects and with different populations, relatively little is
known about the aspecific characteriastics of the medium that are respon=-

ible for effective computer aasisted teaching aznd learning. Hzllworth

]

nd Brebner (1980) observed that outcomes on the effectiveness of CAI
depended a great deal on the instructional design of the curriculum
materials, but, as Kearsley, Hunter, and 3Seidel (1983) paiﬁt out, there
has been little research on the effects of specific instructional design
variables. Moreover, there is littié actual empirical knowledge about
how to individualize instruction. In particular, we are relatively
uninformed about the specific effects of graphies, sound, motion, or
humor. McOougall (1975) declares tnét we really know little about how
to utilize the unique characteristica of computers. Jamison et al.
(1974) have expressed a similar concern, indicating that all forms of
alternative media (eg. instructional radio, instruc;ional television,
programmed ingtruétion,' and CAI)} have closely emulated traditional
instruction. They speculate that quite posaibly different research
results would be found if more imaginative uses of each media were
explored. Finally, MecDougall (1975) has noted that very 1little atten-

tion has been paid to the actual integration of computers into the

schools.

ERIC
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Status of CAI Applications

Most reviewers of the CAI literature agree that it has not ful-

filled 4its early promise. 45 early as 1970 it was apparent that the

iy

predicted rapid growth of CAI was not occurring, and that the impact on
education has bsen minimal (Chambers & Sprecher, 1980; Feurzeig, 1981).
In fact, a survey conducted in 1971 found only 7.7% of teachers reported
that CAI was used in their schools (McDougall, 1975). The general con=
sensus of those who have examined the impact and atatus of CAI is eap-
tured in a statement by Branson and Foster (1979-80), who obsarved that:
There can be little argument that after almost 20 years of effort
and great financial investment, very few CAI systems have esta-
blished a market despite the great éﬁpécéaticns of computer spe-

cialists, vendors, and educators.

Why has CATI falled to meet the enthusiastic expectations that
greeted it's arrival on the educational scene? The upinioens of a number
of informed observers are summarized below.

Coats: The most frequently cited reason for the failure of CAI to

meet expectations is cosat. Champers and Sprecher (1980) note that high
costs have contributed to the lack of use at beth the elementary and
seeondargr levelsa. Although hardware coata have rapidly diminished, CAI
development costs have still remained high. From a marketing viewpoint
(Branson and Foster, 1979-80) CAI has failed because of high éosgs and
an inability tr ~‘=mvelop a atable profit making product 1lins. However,
some writers have séen a bright spot on the horizon. Educational materi-

als for microcomputers have lower costs than those for malnframe comput=

17
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CAI costs decreased by 3% per year with a 0% improvemsnt in perfor-

1980) basically agrees the costs issues has been the
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biggest hindrance to CAI applications, but he noted that microcomputers
are helping to decrease costs. Edwards, et al. (1974) argued that CAI is
about equal 1in costs to other altarnative insatructicnal media such as
televiaion. It should also be noted that the cosat effectiveness of CAI
leoks more favorable whea reductions in learning times are taken into
conaideration, but the botteom line seema to be, as Kearsley et al.
(1983) observed, that educators are more influenced by what they can
afford than by any cost effectiveness argument.

Teacher Training: The shortage of appropriate training for teachers

is frequently c¢ited as a prime reason for the limited utilization of
CAI. Teachers are currently trained to work with groups of children and
10t to provide individual tutoring on material delivered by computers
(Kearsley, et al., 1983). Without enthuaiastic acceptance by teachers,
and provisions for 1local control, wideapread support for CAI seems
unlikely (Hallworth and Brebner, 1380). It seems clear that the poten-
tial of CAI cannot be realized until it is integrated into the school
curriculum more effectively, with more personal aﬁppart for teachers and
better coordination between educators and CAI experta (Chambers and
Sprecher, 1580).

Distribution: Distribution problems are also cited as factors lim-

iting the expansion of CAI. A major cne of these problems is a severe
shortage of good inatruectional programs (MgDougall, 19753. To further

complicate the distribution of what good software does exist, the incom-

18
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patibility of different computer systems has bDsen & major obstacle

(Kearsley et 3l., 1%83b).

Comparisons With Other Medi=z

Comparing orne instructional medium with another has certain pit-
fails, as various authors have pointed out. Lipson (1980-81) stresses
the point that the talent of materials developers may well constitute
the c¢ritical difference in the effectiveness of one medium as compared
with another. Molnar (1982) made a similar point, amoting that "Whether
a shadent iearns more from cone medium than another is at least as likely
to dépéﬂd;én HOW the medium is used rather than that medium" (p. 106).
With these warnings in mind, the results of studies in which different

media have been compared are examined here.

In a comparative study by Efwards et sl. (1974), CAI was found to
be about equal to human .tutoriang as supplemental instructional support.
No differences were found between programmed instruction, films; film
strips, and video versus CAI. CAI did as well corF better as language
laboratories. In an extensive review by Jamiaon, Suppss and Wells
(1974), =everal teaching media were compared with traditional instruc-
tion (TI). Instructicnal raéi@ (IR) was found to teach effectively
especially when appropriate viaual material waa supplied. IR taught as
well as other media including TI and instruetional television (ITV). No
significant differences were found between ITV and TI in satudies where
all variables except the media were controlled, and no =significant
differences were found between TI and programmed instruection (PI). In
addition, PI may have resulted in reducing learning times. CAI was found

to be effective as a supplement to TI, and it took leas time.

19
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ITV, in itself, has also been the subject of a2 large number of stu-
dies. ITV has demonatrated its effectiveness in over 100 experiments,
at svery level and in a great variety of subject matters (Molnar, 1982).
ITV or video has the advantage of being able to teach cognitive skills.
Allen (1981) at North Carolina State University produced a video tape
ssries to teach studying and learning strategies to entering students.
Altogether six video tapes were completed with the following titles: 1)
"How to Sueceed at HNCSU,"” 2) "Roadblocks to Academic Success," 3)
"Effective Reading,™ U4) "How to Take Tests," 5) "Using the Library," &)}
"Welcome to Freshman English." The preliminary results indiecated that
this video program was well received and had the potential for achieving

substantial success.

Interactive Video: Recently a new form of €CAI has emerged which

combines computers with video tape or videodise. This new teaching
media has been referred to as interactive video (IVT for interactive
video tape and IVD for interactive videodisc). With this medium the
computer is able to control video aequences illustrating various con=
cepta, and to reapond in typical CAI fashion.

There are some distinctive differences between the two forms of
interactive video. IVT uses video cassettes, which are cheaper than
disks and can be much more easily modified. However, IVT video acceas is
sequential and it therefore requires longer access times than video
disk. IVD has tremendous storage capacity for video frames and these
framez can be looked at aingly or as a motion sequence. Alao, IVD haa
two audio tracks as opposed to one for IVT. Furthermore, IVD has random

acceas abllity and therefore faater access times. However, on the nega-

o
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tive side, IVD is much more expensive to produce than 1IVT, and it is
much more difficult to change. Both forms of interaective video can be
under computer control and computsr graphics can be overlayed onto the
video frames (Lipson, 1980-81).

So far mosat writers have hcen very positive in assessing the poten=

tial of interactive video. One of the most enthusiastie is Leveridge
{1979=80), who believes that "...the videodisc represents the most sig=-
nificant ZInnovatien in «odueaticonal technology since the inventicn of
movable type by Gutenburg some 500 vears ago." (p. 222). Molnar (1979)
has stresssd the .2ed for educational technology to meet the challenge
of the current expanding information boon if wWe were %o avoid a massive
Tignorance plosion.” In his opinion, the videodise affords a major
means by which the human capseity for 1information handling may be
expanded (Molnar,1982). Kadeach (1980-81) believes tﬁat IVD would
greatly improve a zystem's capacity to present pictorial information and
rapidly access ITV segments and he speculates that thess stand-alone
systems emploving interactive video and computer graphica will eventu-
ally emerge as the syatem of choice, especially for the non-traditional
atudent. Thomas (1981) has a more sképtical view. Although he believes
that IVD adds a powerful new dimension to education and training, he
also maintains that a catalytic event, auch as Sputnik, iz needed to
affect the neceasary organizational changes required to stimulate the
adoption of IVD. Althougn there seems to be widespread agreement that
ITY has znormous potential, some authorities do not believe the market

is ready for it (Branson & Foster, 1979-80).

aly]
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Since IVT and IVD are rather recent developments, very little evi-
dence of their effectiveness is yet available. Among the few findings
now available are those from the University of Alabama,; where a video-
computer combination was used to teach accounting. The results sug=
gested that this approach increased students' attention; and that reten-
“ion rates, as measured by final examinations, were significantly higher
than with traditional instruction. (Schmidt, 1982). At the UEiVEFSiﬁT
of Nebraska where IVD was used to teach physics, 90% of IVD students
expressed a desire for more IVD classwork. WICAT used IVD to teach
biolwagy <lasses and found that students learned the material with 30%
less study time. They also found that 30 minutes of IVD was equivalent
to 10-1% hours of student learning (Molnar, 1§SE)Q IVD has also been
used to teach medical students (Leveridge,; 1979=80). In +this applica-
tion, IVD was found to be as good and probably superior to traditional

instruction. In addition, students felt IVD was more enjoyable or satimu-

lating and that it made good use of their time.

A recent Infoworld (1982) artielie reported on some ©Of the indus-
trial applicaticna of IVD. 3Sears found that sales increased signifi=
cantly when IVD was uased in addition to its printed catalogs. IBM found
that students tended to get bored after 20 minutes of CAI, but the aver-
age length of time spent with IVD was 54 minutes. The US military's use
of IVD for aimulating artillery and tank gunnery practice greatly

improved traineea' ability to operate in the real world situation
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General COﬁclu51cns

Although CAT has not made the great impact on education its early
proponents pradicted, much has been learned about CAI within the last 20

years. First, the question of the effectiveness of CAI seems %o have

been answered. CAI does have a small positive and significant effect on
student achievement, especially when used as 2a supplement to regular
classroom instruetion. The biggest and perhaps most significant finding

alse s=2ems have 2 sgmall positive impact on students' attitudss Soward
computers and toward instruction itself. Scme evidence sugzeats CAT may

acial educa-

b
m

be eapecially effective with low ability students and for sp

Although a good bit has been-learned about the general effects of
CAI; research iz still needed on the effects of specific variablea that

can be incorporated into instructional deaign. Design issues, asuch as

(=

the use of graphies, sound, motion, and humor, have not received very
much attention, nor are we sure of how to efficiently utilize the unique
characteristies of the computers themselves, Finally, we lack informa=

tion on how to intergrate computers into the schools and classrooma.

A recent combination of computers with video technology has
received some of the same early enthusiasm that CAI did 20 years ago.
Many writers agree that interactive video has great potential to affect
education and training. However, many of the same problems that
affected the early development of CAI now plague interactive video

applications. Costs for equipment and for program development are high,

and problems with incompatible hardware aystems make the distribution of
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software difficult. Teacher training is still an issue, and the problem

of overcoming the institutional inertia that inhibits needed organiza=
tional change still looms ahead.

Rationale for Design Approach

The present project was undertaken to explore the instructional
potential of new information technoloczies by developing and field teat-
ing theory-based prototypes of interactive computer-video instructional

rodules. The funding provided by the National Science Foundation was

efforts reported in this document represent only a first level of field
testing, which should be followed by more extensive valid-tion research
with more diverse populations and agZe groups.

The foregoing summary of literature on computer applications in
edueation makes it clear that computers may provide an effective means
of improving performance in a variety of subjects, including mathemat-
ies. A number of reviews of research on computer based instruection
(Jzmisen, Suppes, & Wells, 1974; Kearsley, Hunter, & Seidel, 1983; Vin-
sonhaler & Bass, 1972) and meta-analyses of the research literature
(Burns & Bozeman, 1981; Hartley, 1977; Kulik, Bangert, & Williams, 1983)
have shown quite consistent posaitive effects on beth achievement and
attitudea, and a number of these poasitive effects have been apecific to
mathematics education (Burna & Bozeman, 1981; Hartley, 1977). There is
also a large body of evidence that television can serve as an effective
inatructional medium for teaching students from preschool through cel-

lege in a variety of subject areas (Chu & Schramm, 1967).

24
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Both CAI and instructional television have limitations. Instruc=
tional television is not interactive, while CAI is less versatile for
the presentation of new content, and for providing demonstrations and
examples of concepts and skill applicationa. The inherent limitations
of both instructional televizsion and computers may be overcome by cou-
pling the power and interactive properties of the computer and the
unique properties of television. Such an arrangement makes it posaible
for a mierccomputer to control the presentation of video taped explana=
tions,; demonstrations, and modeling of problem solving strategies.
These capabilities are moat effectively attained by interfacing the com-
puter with the display features and high density storage capacity of the
videodise (Molnar, 1982). Although the intelligent-videodiszc may ulti=
mately be the most effective way to combine the unique insatructional
features of both television and the computer, this technology is not yet
generally available in the schools, and its use may be approximated,
although lesas affieiéntiy, through the use of a video cassette recorder
interfaced with a microcompmter.

This particular ceoxfisuration of equipment was chosen for the
present research because it seemed to offer an effective way to present
thégrysbasediinsﬁructianal modules in mathematics, while requiring 1it-
tle equipment beyond that generally available in schools. The research
was designedvto teat the effects of this video/computer iInstruction on
the attainment of the apecific skilla and concepts that the instruc-
tional materials were designed to teach, znd to determine if the treat-
ment would affect students' attributions of success and failure in

mathematics, as contrasted with other academic subjects.
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The developmant of the instructional modules was guided by task
analysis (Gagne, 1977); which produced hypothesized hierarchies of
skills and concepts for each topin, and by cognitive soecial learning
theory, which =served to identify classes of variables that have been
found to influence observational learning (Bandura, 1977; Rosenthal &
Zimmerman, 1978). The classes of variables selected for incorporation
included attentional processes, fetegti@nal processesa, and motivational

processes.

Attention i3 essential to observational learning, and a numbter of
studies have shown that diseriminative attending is enhanced when a
visual display directs attention to pertinent features of a task. 1In
addition, Roaenthal and Zimmerman (1978) have reviewed a number of 3tu-
dies demonstrating that affective cues influence both attention to
visual displays, and willingness to perform the behaviors acquired
through observation. Characteristics of the model are among those
affective cues that appear to be relevant to attentional processes
(Henderson & Bergan, 1976). Sex and social class iHacééby & Wilson,
1957}, age (Hicks, 1965}, and aethnic status (Epstein 1065) are among the
model characteristics suggested by the literature as cues that influence
attention. Accordingly, memorable and easily discriminated events and
graphic images were judged to be impurtant for incorporation intoe the
video displays, and the models to be employed in demonstrations and
dramatizations were selected to mateh the target audience on such dimen-
sions as age, e=thnicity, and manner of dressa.

Modeled behavior must be represented symbolically by the observer

if the witneased information is to be retained (Rosenthal & Zimmerman,

26
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1978). The provision of summary rule statements has been used success-
fully to accomplish this end in research in which modeling was used to
teach abstract, rule governed behavior (Henderson & Swanson, 1978;
Henderson, Swanson, & Zimmerman, 1975; . "2 & Brody, 1981). Variables
intended to influence attention were incorporated into the modules for
the present research by séppiemeﬁtiﬁg the modeling of rujé applications
with frequent presentations of verbal and written (screen display) sum-
mary rule statements, Feedback (Schimmel, Note 4) and the opportunity
for active responding have also been found, at least with young chil-
dren, to facilitate the acquisition and retention of mathematical rules
(Swanson, Henderson & Williams, 1979)-. Thase -~variables were incor-
porated by giving students the opportunity to tesat their understanding
of skills and concepts by actively responding to questions presented on

the miecrocomputer. The problems posed in this fashion included both

,,,,, N

recognition and constructed response varieties. Feedback was provided
by computer generated acreen displays and by reviews of video material,

controlled by the microcomputer.

Students who have experienced repeated failure on a given class of
tasks may acquire a sense of ﬁelplessness in the face of future
encounters with similar tasks. . Those who manifest this pattern of
Mlearned helpleasness™ are more likely than their more succesaful peers
to attribute their failures to factors Eey@nd their control (eg., low
ability or bad 1luck), than to controllable factors, such a=z effort
(Henderson, 1982). Some research (Zimmefﬁan % Ringle, 1981) has demon-
é%ratéd ‘that -ehildfen who viéw models expressing confidence in their

ability aggwattributing their failures to lack of effort or persistence
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~efficacy. Such

“’"‘m
m

become more peraistent and express increased elr
motivaticonal variables were incorporated in the modules for the present

study through the uzse of effort attribution statements by models on the

video tapes, and by dramatized sequences in which models demonstrated
their ability to confront and overcome failure.

interszastive characteristics with the unique ecapabilities of a video
cassette player to present cemonatrations and dramatizations may provide
a particularly effective means of teaching mathematical skills and con-
cepta. The produet validation field trials reported in the following
section were designed to teat the affecta of theory-based inatructional
materials on skil: s identified by high =achool teachers az stumbling
blocks for atudents with normal ability who had not made normal progress
in mathematics learning. It was anticipated that satudents who uaed the_
learning modules would exhibit greater gains in the concepts and skills
represented in the modules than would control group atudents. It was
also hypothesized that students who were exposed to the materiala would
gain a =enae of confidence in their ability to learn mathematics, and
that they would attribute their performance more to effort than to abil-

ity or lueck. No differences between the experimental and control groups

“in attributions relating to non-mathematical subjects were anticipated.

Validation Trial 1

Method

Subjecta: The subjects for the field'trial of ﬁhe faétars and prime

numbera modules were selected from general mathematics and introduction
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to algebra classes in a high school szerving a population that included a

\I—im

hispanie students. School administrators made five

\w‘

high proportion o
clas=ses available for a field trial of the modules and req-ested that

pre- and posttests be administered to 211 classes at the same time, as g

meéﬁsréf'minimizing the disruption of classes. 1In corder %to distribute

utilization of the computer/video equipment evenly aceross the available
class periods, equal numbers of experimental students from each clasa
were randomly assigned to the field trial participation group. Studenta
from each class were categorized on the basis of sex and ethniecity and
assignment to the experimental condition was proportional to the number
of studentz in each of these catagorlies. The original sample conaiated

of U3 control and 58 experimental students. Complete data on pre- and

‘posttest results were available on a final sample of 36 control and 45

experimental students.

Eggggdures; All students in the classea that participated in the
study were pretested on a criterion-referenced instrument to assesas
their knowledge and skills relating to factors and prime numbers. Stu-
dete =ine whether or not a set of new instructional materials was effec-
tive. Students were released from their regular mathematics class to
partiecipate in the modulesa. All students in the experimental group went
through module #1 before zny student began module #2, and partieipation
in module #2 was completed pefore any student participated in module #3.
The computer and video equipment was housed in a separate room in the
library, where students, undisturbed, could view the materials anq

interact with the _migroaémputer. During the firat half of the field

29
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trials, only one zet of equipment was available, while a second setup
later became available to apeed up the treatment. Both sets of equip=
ment Were located in the same room and the students wore headsets for
audioc input. A female research assistant introduced students to the
equipment and instructed them in the use of it for the firat module.
She sat vunobtrusively at the back of the room where she could observe
the actions of the atudents as they participated in the modules, and

where she could recerd their spontansous verbazlizstions.

At the end of each session the students were asked in a casual
manner to tell what they thought about the module they had juat viewed.
Each student who completed the factors module was asked the following
three questions: (1) "So, how did you do?"; (2) "What did you think of

all this?"; and (3) We would like to call you out again to go through

[

more modules in the next few weeks. Would you like that?" The questions
asked foliowing the viewing of the Primes I and II modules were: (1)

What did you think of this tape?"; (2) Do you want to continue?"; (3)

learning from the computer? The research aasistant recorded these reac-
tions after the student left the room.

Approximately three montha were required to administer the three
modules to all students in the experimental group. The posttest was
administered 2»days after the completion of all modules by the last stu=-
dent, resulting in an intersubject range of from 2 to 16 days between
completion of instruction and posttesting. The atudenta in both experi-
mental and control groups were also given the School Learning Question=-

naire, which was adﬁiﬁistéred in a'pésttest only déaign because of time

30
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conatraints imposed by the regular

Instruments: A criterion-referenced teat on factors and prine
numbers was administered as a pre- and post-measure to students in both
the experimental and control groupa. Development of the instrument as
guided by a  systematie task analysis (see Appendix B) following Gagne
{(1977), resulting in a task hierarchy consisting of an hypothesized
prerequisite ordering of relevant skills and concepts. Each task iden-
tified in the hierarchy was then tranalated into a set of task specifi-
cations (Hambleton & Eignor, Note 1) in which the demand characteristics
of the tasks were identified. Task specifications were then translated
into test items. The teat contained a total of 32 items calling for
recognition résponses,gaﬁd an equal nuober of constructed resaponse

items. (See Appendix A).

[«

A School Learning Questionnaire (SLQ) was developed to assess suc-
ceas and failure attributions with reference to both mathematies and

non-mathematical subjects. Itema were similar in atructure to those

(Crandall, Katkovsky & Crandall, 1965) except that a Likert-type
reaponae format was used rather then the dichotomized foreed cholce for-
mat employed in the IAR. For both failure and auccess, 3ubacalea con=
sisting of 5 items each were created to measure attriéutians to ability
(internal cause), effort (internal cause), chance (external cause), and
task or situational factors (external cause). These factcfsg based on

constructs originally poatulated by Heider (1958), have been

‘hypothesized as motivational constructs (Weiner, 1972, 1979,, with link-

ges to the development of feelings of "learned helplessnesa: (Wender- o
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son, 1982, 1675), as variables affecting achievement motivation. The
instrument yields eight subscale scores (four for failure attributions
and four for success attributiona) pertaining to mathematics, and a
parallel set of eight subscale sacores pertaining to non=mathematical

school subjects. (See Appendix C).

Equipment: The configuration of instructional equipment inecluded an

Apple II Plus microcomputer interfaced with a videocaasette recorder by
means of firmware manufactured by BCD Associates. The lesson -~uthoring
software package provided by BCD was, with the consent of the company,
madifiéé extensively to eliminate computer programmer jargon and to make
it more user-friendly.

This configuration made it possible to present instruetional input
and modeling sequencs<: s~=° in natural contexta (e.g. in clasarooms, at
home, with friends, on ...- telephone) by means of video-<taped dramatiza-
ticna. Video segments were followed by questions presented by the
gicrgeomputer; Both recognition (e.g., multiple choice) and constructed
response (e.g., construct a factor tree) types of questions were chosen
for use on the basis of reviews suggesting that these response forms may
have differential influences on aehievemént,'depénding on the familiar-
ity of the content to individual students (Tobias, 1976, 1982). Positive
reinforcement waa provided for correct responses and eofféetive feaedback
for incorrect reaponses was delivered by meana of both computer

displayed text messages and by review of materials presented on video-

cassette. Relevant video sequences were called up by the microcomputer.
High resolution graphica were generated on a PDP 11/70 computer, using

the UNIX operating syatem, and were then transferred to the videotapes.
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Instructional Materials: The task hierarchy for factors and prime

numbars 3served az a blueprint for the develomment of the instructional
modules. (S=e Appendix D)g_ Story-boarding based on this hierarshy
guided the firat draft of the acript for the videocassette portion of
the modules. The first draft of the script was written by the project
mathematicians. The scripts were then edited for appropriatensss of
language level and to eliminate any content that could contribute to
or to the mystification of mathematics. Scripts were then
reviewed by the project paychologists who inserted modeling acenes
designed to influence attentional processes, retentional processzes, and
motivational processes.

Variables inserted to influénee attention included devices such as
computer graphics with changing colors to focus attention on relevant
dress, ethnicity) were congruent with those of the target audience.

Given the apecial concern that the materiala be relevant to women and

audience within the

+

minority students but 3till useful to a more genera
target age group, the majority of the models presented on videocassette
were female (3 out of 4), and of the female models, the majority (1 chi-

cana and 1 black) were minorities.

Variables incorporated to influence retentional processes included
1) the use of memorable images associated with concepta and processes,
2) rule statements, presented by audio and sacreen ﬁrint, to aid in the
recall of copritical attributes of the concepts presented, 3) the oppor-
tunity to respond to questions driven by the microcomputer, and 4) the

provision of corrective feedback. Feedback was provided in the form of

et
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the sereen feor minor errors, and review of material from the videc-
cassette for more serious mistakes. Where posaible, video review
material provided new exemplars of previously introduced concepts or

processes, but production cost conatraints necessitated the use of gre-

Variables that were incorporated te influence motivational
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then overcoming their mistakes while verbalizirg attributions to effort;

e,g., "I wouldn't have made that error if [ had been more careful," or

iterion test for factors and prime numbers yielded

)
o
¥
|-l|

three scores; a score for recognition responses;, based on multiple
choice and matching itemsa, a constructed response score, based on items
that required the production of a concept label or problem sclution, and
a total score based on the sum of the scores for recognition and con-=
structed responsea. The relliability of the fz:tors/prime numbers test,
as determined by the split half method and corrected for attenuation
using the Spearman-Brown formula, was-;QSi Descriptive atatiaties for

group performance on the teat are presented in Tables 1 and 2.

Insert Tables 1 and 2 about here
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Recognition and coastructed response acoreas ware analyzed
separately bY means of 2 x 2 znalyses of covariance for unequal N, fol-
lowing the method presented by Kerlinger & Pedhazur (1973). In each
analysis, treatment groupsa (experimental and control) formed the first
factor, with sex as the second factor. Ethnicity was not inecluded as a
separate factor because of substantial inegualities in sample size for
minority and non-minority subjects. Adjustments for unequal N followed
suggestions from Kerlinger (Note 2J.

The analysis of recognition response scores revealed significant

main effects for groups, F (1,76) 12.76, p < .0006. Neither the main
effect for sex nor the group % rex interaction were significant. An
adjusted mean analysis (Kerlinger & Pedhazur, 1973) was applied to the
posat test scores. The unweighted means analysis revealed that the
experimental group gained 5.98 more points than the control group. This
approximates a 1 standard deviation difference, a large effect s;ze
according to Cohn (1969). An affect of this size can be interpreted as
a 34% rate of misclassification regarding experimental or control group
membership (Friedman, 1968), or as a 38% improvement in succesas rate,
according to the binamia; effect size display advocated by Rosenthal and

Rubin (1982) A summary of the ANCOVA is presented in Table 3.

Inaert Table 3 about here

The adjusted means for each sex were tested for treatment group

. differences, \uaing the

w

oriori t test for unequal n's (Kerlinger &

Pedhazur, 1973)&‘ Male énd female experimental subjects both exhibited
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greater gains than their control group ccounterparts (E'E < .02 and .002,
respectively).

The ANCOVA for the constructed responses showed a significant main

effect for the treatment groups, F (1,76) 11.26, p < .001. No other
terms were signifiecant. The unwelghted means analysis showed that the
experimental group surpassed the gains made by controls by 7.36 points.
The différen3§ of a3lightly more than 1 standard deviation qualifies as a
large effect (Cohn, 1976), indicating a 36% improvement in suacess rate,
as determined by the binomial effect size display (Rosenthal & Rubin,

1982), or as a 35% misclassification rate (Friedman, 1982). The ANCOVA

e L. The post hoc compariascns revezalsd that

summary is presented in Tab

b
0

male experimental subjects made significantly larger gains than control

males (p < .0004), and that experimental girls also made greater gains

than their control group counterparts (p < .0027).

Data from the School Learning Questionnaire (SLQ), adminisatered

following the intervention, were available

-y

or 73 subjects, U2 experi-
mentals and 31 controls. The data Were analyzed in a 2 x 8 ANOVA, in
which treatment group constituted the between subjegts factor and the
within subjects factor was formed by the eight subscales of the SLQ form
for mathematics. The main effects for groups was not significant, F
(1,71) = 1.289, ns. A second 2 (treatment groups) x 8 (subscale) ANOVA
performed on thg non-mathematics form of the SpQ revealed a very similar

pattern. The main effect for groups was not significant, F (1,71) =

" 36
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1.059, ns. Descriptive statistices for both forms of the scale are

W

presented in Table

It seemed unlikely that a clear pattern of results on the 3LQ would
emerge because of colinearity among the 16 subscale scores. Théreféré;
a prinecipal components factor analysis with varimax rotation (Nie, Hull,
Jenkins, Steinbrenner & Bent, 1975) was performed for data reduction
purposesa. SLQ results from the second field trial (reported in the next
section) shewed means and standard deviations for subscale scores that
were almost identical to those for the first field ¢trial, so the SLQ
dat% for all subjects whg completed the questionnaire (N = 81) were

included in the factor ana. rais.

Table 6 shows the four factors that emerged to account for 65% of
the variance in attributions, as measured by the SLQ. The first factor
had its highest loadings with O0SEL, OSET, OFIA, OFEL, and OFET. This
factor 1includes all%;f the non-mathematics attribution scores, with the
exception of internal éptributiana to ability and effort in success
gituations and internél_ attributions to effort n failure situations.
This factor, which sxplaiga 31% of the common variance, was interpretad
as a general attribution factor, primarily external in locua, for non-=

mathematical school subjects. This factor was named Non-Mathematics

37
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Attributions.

The second factor, explaining 17% of the common variance, had its
highest loadings with MSEL, MSET, MFIA, MFEL, AND MFET. All of the
variables loading on this factor were specific td;ﬁathematics, and, with
the exeépﬁion of MFIA, all of the variables with the highest loadings on
this factor involved attributions to external causes. Ihe. pattern for
variables loading on this factor waa exactly parallel to the pattern for
the first factor, except that this factér was apeuific to mathematics
attributiona instead of to attributions involving non-mathematical stu-
dies, as waa the case for factor 1. Factor 2 waa named Mathematics
Attributions.

The third factor had its highesat loadings with the variables that
ineluded attributions to effort; MSIE, MFIE, OFIE, OFIE. This factor,
designated as Effort Attributions, accounted for 9% of the common vari=
ance.

The highest loadings for the final factor were with MSIA and 0SIA.
This factor, accounting for 8% of the common variance, was named Ability

Attributions for Success.

Table 8 disaplays the intercorrelations among the attributions fae-
tor scores, the criterion scores (recognition response, Eongtfﬁetéd
response, and total) for the factors/prime numbers ;ast, and groups
(experimental and control). These correl::ions and tha.HAiE anaiyses

‘reported next were based on the 68 subjectz “or i °~m both SLQ data and
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factor/prinz number posttest results were available. The relationships
of interest for this analysis were those between the attributions factor
scores and the other variables. Factor III, Effort Attributions, was
the only attribution factor to correlate significantly (p < .01) with
treatment group. Given that the experimental subjects were coded 1 and
controls were coded 2, the negative correlation (-.28) provides support
for the éxpectaﬁicn that the experimental group would surpass the con-

trols in attributing outcomes to effort. .

Factor II, Mathematics Attributions, was significantly correlated

with the total score on the factorsa/prime numbers test (r = -.25€, p <

.035) There was alao a significant correlation between Factor III,
Effort Attributions and constructed responae scores (r = .365, p <
.002), and between Factor IV, Ability Attributions and recognition

responses r = -.285, p < .018).

The sample zize was insufficient to justify a single multivariats
analyais with multiple dependent variables, éa the total score on the
factors/prime numbers test was selected as the dependent variable of
greateat intereat for a regression analysis using the maximum RE
improvement technique (MAXR) (3AS, 1982). Factor scores were used as
the independent variables. The MAXR method first yields the besat one
variable model, then identifles the variaéle that yields the greatest
increase in RZ and adds it to the first variable to produce the best two

variable model, and 3o on. The best single-variable model waz Factor
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II, Mathematics Attributions, which acecounted for 5.55% of the variance

in factors/prime numbers total score. The best two-variable mocdel con-

sigsted of Factor II with the addition of Factor III, Effort Attribu-~

L]

tiona. The improvement in R due to the addition of Effort Attributions
to the model was .058 5 with 12.35% of the variance in total score on
the ractors/prime numbers test being explained by these two factors, and
with 5.8% of the variance being uniquely explained by Effert Attribu-
tions.

The best three-variable model was comprised of Factors ITI and ITI
with the addition of Factor IV, Ability Attributions for Success. This
model accounted for 12.69% of the variance in the criterion measure,
with only a§3% of the variance being uniquely attributed to Ability

Attributions for Success.

The beat four-variable model added Factor I, Ncn-Mathematics Attri-
butions. This model resulted in 1lesas than one one hundredth of 1%

improvement over the best three variable model.

When asked how they did on the factors moéule, moat =students
responded by relating the score reported by the computer. Typical
reasponses werc "I got 80%."; "I got 100%."; "Oh, okay."; "Not very good.
Only 52."; "Wow! I got 100%."; "I just missed one and I Knew what I did
wrong right away." Typical responses to tue open ended quesation asking
what studenta thought about the approach were: "I did good. It was
easy."; "It's hot man. This thing could really help."; "I really 1liked

it. It was fun."; "Yes, it's weird what they can do with computers

" these days."; "I love it."; "Well, my dad was going to buyr us one of

these and he didn't. But now I'm gonna ask him te. It's good.™
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When :sked if they would like to participate in additionsal modules,

students were almost unanimous in giving a positive response.

Student responses to the two modules on prime numbers are
represented by the following typical comments: "I got 84%. It was fun.";
"I didn't do too well, 55%, but I still 1liked it."; "One hundred $%.
It's good.™; "I got 76%. Is that OEK?%; "It's better than coming to
class. 1I'd like to come back."; "I'm a dummy. I didn't make it through
the tape. I gﬁésa I was never cut out to be smart. T did learn what
factors and primes are though."; "I really liked this one. It's fun.";

"Can I do the next on=2?"; %"Can I come in next period? Lunch?v

fter the finél médule, students made comments such as the follow=
ing: "I 1liked it even though I had trouble with it. I learned zbout
factors and multiples and I never learned them in class. I 1liked the
computer. In a way, I think you can learn just as much or more from a
computer because its just you, while in the class, the teacher haé to go
on and pay attention to the opher students." I liked learning from the
computer so you didn't have to ﬁave the teacher help you."; "Its better

than claas."

Finally, when the students were asked, "What did you think of the
module?,” of taie forty-two people who responded to the module on fac-
tors: 32 (76%) responded positively, 9 (22%) were neutral, and 1 (2%)
was negative. For the same question for the Primes I module, of the

forty-two responding: 19 (69%) were positive, 11 (26%) were neutral, and

2 (5%) were negative. When asked the same question for the Primes II

LS
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Wwere positive, 8 (18%) were neutral, and one (2%), was negative.

Validation Trial 2

Method

The second field trial w.. conducted to provide a mini-replication
of the initial field test of the factors and prime numbers modules, and
a pilot test of the fractions modulea. It was not possible to uae a
control group to guard against threats to internal validity in this test
of the materials, but this trial did make it possible to examine the

potential utility of such materials in a remedial education setting.

Subjecta: The subjects for this field trial were volunteers from an
alternative school special summer program for atudents who had failed to
bass the basic skiils competency test required for high school gradua-
tion. Their regular school class placement ranged from tenth through
twelfth grade. The group consisted of nine boys and two girls who par-
ticipated in the use of the modules for factors and prime numbers and
for fractions. Complete pre- and posttest results for both instruc-
tional packages were available for eight males and one female.

Materials and Procedures: The instructional materials -and field

trial procedures for thia test of the f# .ors and prime numbers modules
. were ldentiecal, except for location and .earch assistants,. to those
employed during field trial 1. The fractions package consisted Qf 6
modules developed to teach concepts and operations involving ™ fractions.
The task analysis for fraatiéna iz presentcd in Appendix E. The produe=
tion procedures for theae modules were idéntieal to those previoualy
described for factors and prime numbers. The equipment configuration

and field trial procedures were also the same as those employed in the
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field testing of the factors and prime numbers modules.

The criterion test fgf factors and prime numbers was administered
to the entire group prior to their viewing of the modules. The posttest
was administered after all students had viewed the three modules that
conatituted the factors and prime numbers package. All students were
then pretested with a criterion referenced instrument (See Appendix B)
developed t. assess attainment of the objectives that wsre incorporated
in the six modules of the fractions series. Upon completion or all 'aix
modules by the eight students for whom complete data were available, the

posttest was administered.

- Results: Repeated measures anslyses of —varianece - were applied to-
field trial data for the remedial summer school students' performance on
the recognition and constructed response items of the factors and prime
numbers c¢riterion measure. The analyais of criterion response scores
revealed a significant main effect for trials, F (1,20) = 10.99, p %
.007, iﬂdiéétiﬂg; a significant change in recognition response perfor-
mz.ice from preteat (mean = 14.45) to posttest (mean = 323.64). The

analysis of constructed response measures for factorsa and prime numbera

([
)

also iden;ifiéd a significant main effect for trials, F (1,20) = 22.53,
P € :001. The mean at the time of pr=testing was 11.18, while the post-
test mean was 21.09.

Repeated measures analyses of variance were also employed to assess
the difference between pre- and posttest recognition and constructed
reaponse scores for the criterion teat for the fractiona modules. The

main effects for trials were significant for both recognition, F (1,14)

= 8.75, p < .02, and constructed responses, F (1,14) = 6.10, B < .04,
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Discussion

The results of the field +trials show quite clearly that the
computer-video instructicnal modules were effective in teaching or
reteaching mathematical skills and concepts to secondary school students
whe had not made normal progress in matheﬁatical learning. In the first

field test, students who used the materials gained a statistieally and

practically significant advantage over controls in skills and concepts
involving factorz and prime nﬁmbers. The pattern of gaina attributable
to these modules was féplicated in the zecond field trial, but without a
control group =3 a safeguard to internal wvalidity. Comparable effects

Wwere also found to be associated with the use of modules for fractions,

but these resuits should be interpreted with caution because there was
no control group. The grant providing funding for this work called for
and supported only limited field testing, and more extensive testing of

the fractions modules, with appropriate control conditions, is needed.

There waa some support for the prediction that exposure to the

materials would help students recognize that it is possible for them to

learn mathematics, and that this would be reflected, in part, by pozi
tive changes in effort attributions specific to mathematics. This sup-

port was in the form of a signifiecant correlation between the Effort

Attribution factor and the categorical variable for group membership

(experimental or contro;)i It was also of intereat that Mathematics
Attributions were significantly related to the total score of the eri-
terion test while Effort Attributions and Ability Attributions for Suc-
cess were related to constructed réspaﬁses #nd recognition responses,

respectively. The pattern of relations between mathematies teat perfor-
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mance and attribution factors requires replication with samples large
enough for multivariate analyses, but the present results do suggest
that some satudents perform béétér on recognition type items while others
do better when they are required to construct their own responses, and
that these differences are related to differences in the forces to whiectk
studentsa attribute their outcomes. These findings suggest that both
kinds of test questions are necessary if the relatiors between attribu=
tions and performance are to be clarified.

The single most powerful predictor of mathematics performance, as
relected by the factora/prime numbers test totr 1 score, was a mathemat-

ies attribution factor. This factor consisted primarily of attributions

" to external causes in both succeas and failure situations. The one

variable included in this factor that did not conform to these charac-
teristics was that for attribution of mathematics failure to effort, an
internal cause. These results tend to support the expectation thaﬁ
attributiona of outcomes in academic subjects may be subject specific.
The beat tgo factor model added effort attributions, which uniquely
explained (statistically) an additional 5.8 percent of the variance in
the dependent variable, lending support to the proposition th;t percep-
tions of the importance of effort are assaeia;ed with actual outcomes.
This observation seems especially important in the context of the

present study, because of range restrictions in mathematies achievement
among the atudents who pértiéipated in the field tests, and, presumably,
in attitudes toward mathematics as well. These findings were supported
by the observational information and data from the informal exit inter-

views, which showed that =satudents believed they had learned from the
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experience, and that they felt very positive about it. Subsequent vali-
dity studies of the SLQ (Kachuck, 1983) have supported its content vali-
dity, and on the bazis of the results of the field trials reported here,

we wWould recommend continued work on the development and validation »f

/

the 3LQ. ) . ;
!’
_ . B o B . A

The materials tested in the field trials reported here were not

designed as .a substitute for regular c¢lassroom inztruction. They wers
intended as a test of the feasibility of employing computer-videc tech=-
nology to assist students who had failed in the past to master important
mathematical competencies. The goals and objectives of the materials
were predetermined by the researchers, as were the instructional
episode 1in which students could use trial and error) were included in
the-modules, but, in general, these modules were not intended to be
dizcovery based materiala. A small number of educators who have viewed
the materials have éxﬁrééaéd the visw that the the use of computers for
instructional purpoaea should be limited to approaches in which the
learner is given greater control and opportunities for discovery. We
would be among the firat to acknowledge the importance of diacovery
oriented materials of excellent quality, such as LOGO. At the same time,
we beligye there 13 a serious shortage of validated materials of the
kind reported here. These materials go well beyond the ™moving bookan"
and "drill and practice" exercises that conatitute the majority of
eurrent instructional applications of computers (Bonham, 1983). These
materials combine the major unique features that some learning theorista

auggest should optimize the likelihood of learning and retention. Future
46
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applieations heold the promise of making it possible to Mecontextualize"®
(Zimmerman, 1983) learning in subjscts such as pre calculus. It =eens
important that support be provided for the continued development of
instructional materials that build on the significant advances being
made in research on learning and cognition, and for the validation eof
promising materials that take advantage of the unique potential of new

vy guided research and pro-
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duet validation cannot be over emphasized, since, as George W. Eonham
(1983) has noted so cogently, much of the shape oI the future in tech-
nology based education is being determined by profit-oriented textbook

publishers and equipment manufacturers.

When tions from research are pulled together to guide the

o
Mw

ugges

educational technology, one cannot predict, nor does field testing
reveal, how the several incorporated variables work in combination with
each other. What i3 needed is a dynamic interaction among basic
research in learning and cognition,; the development and validatiocn of
products based on theory and basic research, and applied research
designed to assess the respective contributions of product elements and
their interactions. Research of an immediate nature ia needed té com-
pare the effects of microcomputer and video based instruction in isola-
tion, and in combination with one another. Investigationa are also
needed to examine the efficacy of the materials used in the present work

when used with studenta who differ in age, or in educational status.

Some media research (Henderson & Swanson, 1978) has suggested crucial

interactions among the nature of the concept preaented, the age of the
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learners, and the conditions required for learning to occur.

Finally, serious thought must be given to the role which emerging
technologies will play in education in the immediate and long range
future. There has been little of the comprehensive planning and viaion
that are necessary to guide a thoughtful and effective, rather than
disorganized and fragmentary, application of new instructional technolo=
gles. Bonham (1983) has rightly commented that "there has been little
critical analysis of the educational significance of what iz being done”
(p. 72). An assessment of the potential of developments such as those
reported here, to say nothing of computer literacy, discovery oriented
learning, computerized testing, and other applications that may compete
for time and resourcea, should ultimately be judged within such a
comprehensive view. It is clear, however, that effectiveness data, such
as those reported here, form a neceasary part of any comprehensive plan-=

ning.
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DESCRIPTIVE STATISTICS:
RECOGNITION RESPONSES FOR
FACTORS AND PRIME NUMBERS MODULES

Pretest Posttest
N Mean 3D Mean =D
Experimental 7 )
Males 23 16.35 6.24 23.26 .26

Experimental
Females 22 20.18 6.85 25.86 6.24

Experimental 7
(All) 45 18.26 6.82 24.56 6.37

Control 7 ]
. Males 22 18.27 6.96 19. 14 7 .54

Control 7 ) )
Females 14 17.29 5.28 16.57 4.72

Control ] )
(Al11) 36 17.76 6.38 18.21 6.70

GG
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Table 2
DESCRIPTIVE STATISTICS:

CONSTRUCTED RESPONSES FOR
FACTORS AND PRIME NUMBERS MODULES

. Pretest ”éosttest
Group - N Mean 3D Mean SD
Experimental

Males 23 15.87 6.85 25.70 5.92
Experimental ]

Females 22 17.36 8.59 24.82 7.07
Experimental o

(A1l) s 16.62 7-.91 25.25 6.52
Control

Males 22 15.14 6.85 17.14 8.69
Control ) .

Females 14 14,93 6.53 16.07 7.40
Control . 7

(A1ll) 36 15.02 6.72 16.60 8.23
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Ta—Dle 3

SUMMARTY FOR ANAE_YSIS OF COVARIANCE
FOR FACTORS AN= PRIME NU_JMBERS MODULES FIELD TEST:
EFFECT=S FOR GROE_JPS AND SEX ACROSS

RECOGNITION =ESPONSE TRIALS

Source e=if Variance F p
R — i g E}:p 1aiﬂ§d = -

Covariate
(Pretest) 1 - 1570 -

Treatment (A) 1 . . 11151 12.764 <.0006
Sex 1 L0044 .50 -
Interaction 1 .0073 .84 -

Error —76 .66366

= = S T o T e e - = = o -

Ad; justed Me==mns on Posttest
Male= n Female n Total

Experimental 23.94=3 23 25.0256 22 24.47
Control 19.06 22 17.60 14 18. 49

]
]
I
J
|
|
|
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Table |

SUMMARY FOR ANALYSIS(F COVART_ANCE
FOR FACTORS AND PRIME NUMBER MODULES FIELD TEST:
EFFECTS FOR GROUPS M) SEX ACF=O0SS
CONSTRUCTED RESPOISE TRIALSS

Source daf Variace
—————— —— Exprlained

o e e e e 2 i L O o e G S TS 2 T 2 Y T S S i S T T e e S O e W

(I
| T

Covariate
(Pretest) 1 .22

Treatment 1 08U 11.29 .0012
Sex 1 © L0l . 1863
Interaction 1 L 000 0644

Error 76 558

hdjusted Means onfostteat—
Male n female n Total

Experime-*al 25.73 23 24,10 22 24.93

Control 17.53 22 16.56 14 17.57

63
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Table
MEANS AND STANDARD DEVIATION
FOR SCHOOL LEARNING QUESTIONNIRE:
MATHEMATICS AND NON-MATHEMATICSFORMS

Gp ! SIA SIE SEL SET FIA fIE FEL. FET
! Mathematics

13.17 10.8

(2.01) (2.48) (2.0

12.97 14.74 10.8

(2.32) (2.70) (2.3

N N o o b o o |

1 11.68 10.48 W17 10.10 11.93

0) (1.87) (2.369 (228) (2.25) (2.62)

7 11.59 10.55 1717, 9.77 11.32

! Non-Mathematics

12.71 11.0

]

[ R N L T T R

o
il

1@?7

el
1]

—l

W
w
]
—

')
o]
=]

(Ei‘r

0) (3.08) (2.6

L¥5]

2 12.31 11.12 15 10.3 1 12.31

6) (1.80) (2.47) (15) (2.40) (2.17)

y 11.65 9.61 15,26 9.16 11.87

7) (1.98) (2.58) (N (2.96) (2.59)

Note: Figures
SIA
SI1E
SEL

success,
succeass,
success,

internal,
internal,
external,

SET = succesas, external,
FIA = failure, internal,
FIE = failure, internal,
FEL = failure, external,
FET = failure, external,

in parentheses

designate atapird deviatZ ons.

ability

effort

luck (chance)
task (situation)
ability

effort

luck (chance)
task (situation)
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Table 6

Fur-Fact—or Varimax Solution for

Schoil learr—ing Questionnaire Subscales

Variable I IT IIT Iv
MSIA ~063 =.027 .020 779
MSIE 150 144 .527 LU27
M3SEL 082 .T12 -.138 222
MSET 041 674 . 114 470
MFIA 1380 .623 -.044 -.022
MFIE. -096 .294 .T75 -.230
MFEL H29 .657 -. 141 -.193
MFET 326 . 664 =151 -.198
03IA 421 .093 .261 .563
OSIE =056 -.029 776 .208
OSEL J18 .326 -.123 .01
OSET 796 «110 .118 272
OFIA 898 .214 -.246 -.063
OFIE =144 -.236 .848 . 104
OFEL 512 U467 -.203 =.035
OFET JBou .116 =, 142 . 129
Note: Factor I : Non- —Mathematics Attributions
Factor 1II : MatTaematica Attributions
Factor III : Eff=ort Attributions
Factor IV : Api_ ity Attributions for Success
MSIA = Intemal ab—ility attribtion for success in math.
MSIE = Intemi] ef—Fort attribution for success in math.
MSEL = Extema] lus==k attribution for success in math.
MSET = Extemi]l si®==uation (task) attribution, success
inmth,
MFIA = Intem) ab—ility attribution for failure in math.
MFIE = Intem)] efZ=ort ability for failure in math.
MFEL = Extem] luc—k attribution for failure in math.
MFET = Exteml sit=uation (task) attribution, failure
innth.
CSIA = Intem)] ab=1ity attribution for success, non-math.
OSIE = Intem) efort attribution for success, non-math.
OSEL = Extem] luc—k attribution for success, non-math.
OSET = Extem] sit—uation (task) attribution, success,
non-tath .
OFIA = Intema) api” lity attribution for fallure, non-math.
OFIE = Intemil eff=ort attribution for failure, non-math.
OFEL = Extemi] lue=k attribution for failure, non-math.
OFET = Exteml sit—=uation (task) attrlbutiaﬁ, failure,

ﬂﬂﬂ'maﬂh -
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Table 7

Means, 3tandard Deviations, and Intercorrelations Among
Groups; Mathematies Criterion Test Scores, and
Attribution Factor Scores

Miathematics

64

Varlable 1 2 3 4 5 7 8
. Ifeahgenﬁ =-.025 . 055 =.280 .093 =.345 -=.507 —.459
Group (.011) (.o04) (.0001) (.0001)
2. Fagter I =. 201 . 202 L 023 .028 -.518 011
3. Factor II .073 042 .185 =21 =.256
(.035)
4, Factor III . 000 =011 . 365 211
) (.002)
§. Factor IV =-.285 . 061 -.067
(.018)
6. Recognition . 390 . 765
Response (.001) (.0001)
7. Consatructed . 831
Rezsponse (.0001)
8. Total Score
Mean 1,.4815 ~.01567 .0611 =.0011 =.0003 22.470 21.632 44,132
3D .5028 .9808 1.0184 .9978 .9994 7.613 8.235 13.291
N (81) (81) (81) (81) (81) (SE) (DS) (58)
Nata- Caded varlable tr atmentﬂéréup set as 1 = experimenta ; 2 = cantrﬁl.
Factor I = Non-Math Attributions; Factor II = Math Attributions; Factor III
Effort Attributions; Facter IV = Ability Attributions for Success.

Probability values for significant relationships appear in parenthesese

below

the correlation c¢oefficients.
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Table 8
MAXR IMPROVEMENT FOR DEPENDENT VARIABLE TOTAL SCORE
ON FACTORS/PRIME NUMBERS TEST

Significancé
Besat of
Variable -2 Removing
Model Faetor R F (F3 p <
1 Variable Model . 0655 4,62 . 035
Factor II 4.62 .035
2 Variable Model . 1235 4,58 L0714
Faetor II 5.85 .018
Factor III 4.30 .ol2
3 Variable Model . 1269 3.10 .032
Factor II 5.72 .020
Factor IITI L4.23 . 044
Factor IV .25 .619
4 Variable Model . 1269 2.29 .070
Factor I .00 977
Factor II 5.63 .021
Factor IIIL L.16 .0l46
Factor IV .24 .623

Note: Factor I = nsﬂath Attributiona* Factor TI = Hath
Attribgtions, Factor III = Effort Attributions;
Factor IV = Ability 3‘ttributions for Success.
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FACTORS AND FRIMES TEST

‘DO NOT
TWRITE
PIN THIS
MName Scheool 'COLUMM
;___ﬂiéa
!
FART I - MULTIPLE CHOICE: Choose the one best answer to esach !
of the following problems. Indicate your answer by !
circling the letter beside the best answer. YOCOLUMN
H
f
‘
1. Given the multiplication sentence "7 % 9 = &3F," which L 7a
number is a FACTOR? : !
t
a. 7 is the only factor. !
b. 2 is the only factor. !
€. 126 is a factor of this sentence. !
d. 7 and 9 are the only factors. !
e. 7, 9, and 63 are all factors. !
i
2. Given the multiplication sentence "2 » 40 = 80," which ! ==
numbers are FACTORS? !
v i
a. 2 and 40 are the aonly factors. !
b. 2 is the only factor. !
c. 40 is the only factor. !
d. 1560 is a factor of this sentence. !
e. 2, 40, and 80O are all factors. !
i
. !
3. Given the multiplication sentence "8 x &6 = 48," which Y
number is the MULTIPLE® !
1
a. B is the only multiple. !
b. 12 is the only multiple. !
c. & is the only multiple. J
d. 48 is the only multiple. !
2. 8 and &6 are both multiples. !
= ]
4, Biven the multiplication sentence "7 »x I = 21," which ! 10a
number is the MULTIPLE? !
]
a. 7 !
b. 21 . '
Ce 14 : Ll a) !
d. 3 685 '
i

O

ERIC

Aruitoxt provided by Eic:



S. Is i2 a FACTOR of 107 ! i1a
I
2. Yes b. no !
;
6. Is 4 a FRACTOR of 247 ! 12a
i
a. vyes b. no !
!
!
7. BGiven the list (4, 3, 9, 11), identify all of the numbers ! 1Za
that are FRIME. . == !
!
a. 4 b. 3 c. 9 d. 11 !
H
!
8. Given the list (2, 7, 10, 17), identify all the numbers ! i14a
that are PRIME. —_— !
{
a. = B. 7 . 10 d. 17 !
i
|
2. Given the list (2, &, 7, 10), identify all the numbers ! 15a
that are COMFPOSITE. : - !
i
a. 2 b. 6 c. 7 d. 10 ‘
. I
!
10. Given the list (5, 7, 25, 27), identify all the numbers ! 16a
that are COMPOSITE. —_——— !
f
a. S b. 7 c. 25 : d. 27 !
11. Can the following factor tree be factored any further? o 17a
i
24 !
‘ ]
/ |
12 x 2
a. Yes, it can be factored further.
b. Mo, it cannot be factored further.
12. Can the following factor tree be factored any further? 18a

AN

L

!

M

a. Yés, it can be factored further.
b. No, it cannot be factored futher.

ERIC
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FART II — MATCHING: For the follawing items, circ
appropriate letter to identity the corr

13, Identify the factors and multiples in the following lists !
of numbers. !
Circle an F if the number is a FACTOR. !
Circle an M if the number is a MULTIFLE. Y

]
a. From the list (i1, 3, S, F0, 45), which numbers are :
factors of 15 and which numbers are multiples of 157 !
i

F M = = ! 20a

F M - . 5 Yo 21a

F M - 0 P 22a

F M - 45 ! 2Za
1
i
b. From the list (2, 3, 12, Z0, &0), which numbers are !
factors of 6, and which numbers are multiples of 67 !
]

F M = 2 ! 24a

F M = = ! 25a

F ™ - 12 ! 26a

F M = F0 ! 27a

F M - L0 ! Z8a
i
¢
14, Identify the prime and compasite numbers in the folleowing !
lists of numbers. !
Circle a P if the number is FRIME. !
Circle a C if the number is COMPOSITE. !
. [}
a. From the list (5, &, 2, 11, 15), which numbers are !
prime and which are composite? !
]

P c - = ! 2%9a

P cC = & ! TZ0a

P c - 9 ! Fls

= C = 11 ! 32a

P c = 15 ! IZa
]
b. From the list (2, 4, 7, 13, 20), which numbers are !
prime and which are composite? !

Ll .

F c 2 ! Fda

F c = 4 ! Z3a

P C - 7 ! Zbéa

P c = 1= ! F7a

P C - 20 ! IBa

V0

ERIC
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FART III — CONSTRUCTED RESPONSE: Write the answer ta =ach of

the follaowing gquestions in the space provided.

15. Lie¢ one FACTOR of each of the following numbers (do nmeot !
use he number one or the number itself to answer the !
guesLions) . 1
f

A is a FACTOR of 8. ! 2a
2

b. 1s a FACTOR of 12. -+ ! 403
e S i et e et o T i

16, List two FACTORS of each of the following numbers (do not !
use the number one or the number itself to answer the

questions).

a. and are FACTORS of Z4. ! 41ia
777777777 : )

b. and are FACTORS of 10. ! 4Z2a
e e et e e e e e s — I

17. List all the FACTORE of each of the following number=z (do !
not use the number one or the number itself to answer the
gustions).

- are all the FACTORS of IO, ! 43a
b. are all the FACTORS of 28. ! 445
= I

19. List two FACTORS (other than the number one and the
number itself) whose product eguals 20. (Just in case
it slipped your mind, a product is the answer you get
when yvou multiply two or more numbers together.)

18. List all the FPRIME numbers between 1 and Z25. ! 45a
i
are all the PRIME numbers é
e e e e e e e e e e e s e e i s i i i S S e e e ]
between 1 and 25. ;

; 465
i

and are two FACTORS whose product

ERIC
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20, List two FACTORS (other tharn the number one

number itsel+f) whose product equals Z6.

and are two FACTORS whose

rJ
E
i
=
it
it}
W
t
My
[l
H
[}
3
rt
hl
i
in
i
a
1
s
aJ
|
s
3\
o
i}
B
.
o

rJ
)
£
]
[
it
1]
Y]
“+
]
n
it
(h]
T3
+
3
m
i)
y
U\
Th
rt
o
]
3
C
3
o
3
IM’
g

2%, Finish the factor trees for the number

. Starting with: 20

W
0]

b
£
ot
rt
T
j
Lo

B. and then starting

72
Q
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Appendix A —-&—

h the factor trees for the number 40,

24. Finis

a. Starting withs: 40 t S5Z2a

/\ !

2 0w 20 ‘

!

i

1

L1

1

]

g
b. and then starting with: 40 ! 53a

/ N\

S o 8 H

25. List two MULTIPLES of the following numbers:

re MULTIPLES of 7. Sda

it
f
3
o
17

]
!
b. and . are MULTIFPLES of 8. ! 55a
- '
I

List three MULTIPLES of the follawing numbers:

N
(3

]
]
[
bl

a. and are MULTIPLES of

b. and are MULTIPLES of <. ! S57a

27. List five MULTIPLES of each of the followin

inl
3
‘E‘
3
o
0
-
w

a]
]
bl

a. MULTIPES of the number I: !
and !
———————— —————— - s = ———— ————————, !

b. MULTIPLES of the number 4: S59a
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c. MULTIFLES of the number é&:
and
d. MULTIFLES of the number 8:
and

List gme COMMON MULTIPLE of the following numbers:
a. A COMMON MULTIPLE of the numbers 3 and 4 is
b. A COMMON MULTIPLE of the numbers 4 and 6 is
c. A COMMON MULTIPLE of the numbers F and 7 is
d. A COMMON MULTIPLE of the numbers S and 9 is
2. A& COMMON MULTIPLE of the numbers 2, Ty and 2 is
f. A COMMON MULTIFPLE of the numbers 4, &4, and 2 is
List the LEAST COMMON MULTTIPLE oaf the following numbers:
a. The LEAST COMMON MULTIPLE of the numbers 23 and Z0O

is
b. The LEAST COMMON MULTIF of the numbers &6 and 10

is
c. The LEAST COMMON MULTIPLE of the numbers 6, 8, and 12

is
d. The LEAST COMMON MULTIFLE of the numbers I, 24, and 30

is

74
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Circle the number
YEAar.

& 7 =]

If vou are

If you are in high
courses you have
General Math
Géggqéecﬂetry
EEEEEEUEinEEE Math

you rate

How well do vou

in an elementary or junior high schoeol,
dicate what math *track
appropriate designation.

grade vou are 1in this
11 12 College

please

you are in by placing a cheeck mark

average math low math
school or college, put a check mark beside
d, including any vyvou are taking now.
Intro to Algebra Algebra I
Eg;_—TflgéﬁémétFy ____?Qaléulué
Eiﬁ?ggthés (please 11§ZT!E?

mark beside any math classes you plan to
Intro to Algebra Algebra I
Trigonocmetry Caleulus
Algebra I1
list)
vour ability in mathematics?
About Average Below Average

like math?

Dislike it

7Za

7ha

77a

78a



FaR

[.aad
Ll

o

O

ERIC

Aruitoxt provided by Eic:

-4

FRACTIONS TEST

School

I - MULTIPLE CHOICE:
of the following problems.
i

cireling the letter beside the best answer.

The shaded portion of the

a. 1/8 of the circle.
ba i/72 of the circle.
Cs 1716 of the circle.
d- i/4 of the circle.

The shaded artion of the

)
a. 1/8 of the circle.
bB. 172 of the circle.
C- i/71& of the circle.
d. i/4 of the circle.

In the fraction &/11., the

a. quotient.
b. denominator.
c. dividend.
d. numerator.

In the fraction 7713, the

as dividend
b. gquotient

C-. numerator.
da denominator

In the fraction &/4. the 4

a. dividend.
b. denominator.
cs guotient.
de. numerator.

Indicate your

5 repre

to =ach

'DO NOT
'WRITE

VIN THIS
' COLUMN

' COLUMN
1 s e
L 7b
i
]
1
i
1
E
t Bb
E
i
i
]
1
1
;
¢ 9p
!
1
]
]
i
I
fo1ob
i
3
]
1
]
11b
]
]
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Appendix

epresents the

m

fraction with O in the numerator is egual to

1. b. 0. C. undefined. d. infinity.

with 0 in the denominator is equal to

-in
-
i
"
-
(]
a

undefined. d. infinity.

[
o
inl

Whicn of the following numbers is undefined?

EW

0/s., b. /3. c. 670 d. 1/1

i

Which of the following numbers is undefined?

=

The

]

The

J

4/0 b. 2Z/2 c. 11/11 d. 0/1

b

fraction &/1 is equal to

one sixth. 5. six. c. one. d. zerg.

(]

fraction 571 is equal t

Zero. b. one. C. one=fifth. d. five.

]
~
#
rt
0

fraction 1/4 is e

di 2/4!

[
~
o
]

7]
[l
~
kJ

4/1. b.

rt
[n]

fraction 1/78 is equal

2/4. b. g8/1. c. 1/74. d. 2/16.

fraction S/72 1is equal to

more than 1. b. less than 1. C- exactly 1.

fraction 7/16 is equal to

less than 1. b. erxactly 1. 7% more than 1.

B

(ol
k.
o

1Zb

14b

16b

17b

b
o
o

[
3
o
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A fraction that has the same common denominator

3]

A
~N
“J

2. /6. b. 172,

II - CONSTRUCTED RESFONSE: fanswer the guestions
the problems in the space provided.

Write the number ONE as a fraction-
Write a fraction that is egqual to 0.

Write a fraction that represents the pumber

the list

s
J

Circle ALL of the improper fractiaons

S/E 2/

2

4/= 17718 772

L5

Circle AL of the improper fractions in the list

8/ 5/3 374 18719 /4

to a MIXED NUMBER.

o
=g
]
J
o
m
it
=3
1]
-+
v
[
o
(]
b3
[
2
[In}
=+
N
[i
I
rt
-
o]
3

78

and

28b

ek
i
o

i
-
o

i
1)
o
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31,

RIC

Change the following fraction to a MIXED NUMBER.

15714 =

Write a fraction to

Circle all of the

2 S/1
Circle all of the m1

&6/72 =

Change the following number to an
5 2/3 =
Write a fracticn to represent the

Change the following numb

fractions that

177

a fraction that rep

the -

in the foll
2 2/3

1wed numbers in the following

/4

3

owWing

improper fraction:

numeral 1.

can be reduced in
374 4/ 4
resents the number 4. .
can be reduced in the following
4/5 S5/7
in its simplest faorm. ) o

i
B
o

i
i
iy

37b

F8b

3%b

41ib

42b

B
L .w'l?
o
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Write

olve

51

i
ot
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A

T
I-J

w
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el
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/4

frac

followi

=74
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N problems:

your Aanswer
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S0b

S52b



41. Write the reciprocal of the following:

i
i
!

a. 2/7 = ¢ =Sb
i
!

b. 4/5 = ¢ Seb
I
;

. 8 = { 57b
I
[}

4. 2 = ' ses
!
i
, z

e. 4 2/3 = : ' ' 5%b
i
i
!

f. T 1/2 = | &0b
i
1
i
4Z. DIVIDE the following fractions. !
i
I
i

a. 2/3 - 1/4 = ' b1b
i
= 1
g

b, 3/4 - 2/5 = ! 62b
t
i

c. T - 2/5 = ! 63t
i
L]
_;

d. 7 - 5/9 = ! &4b
I
i
E

e. 9 1/2 - 3/4 = ' 65b

O
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it

LRl

[

4z, Find the least common denominator for the following !
fractions: i
a. 2/3 and E/7 LCD = LR
0. /4 and 4/9 LCD = = Y
'
44, ADD the following fractions: !
a. 2/5 + 1/5 = ' 4Bb
i
i
b. 174 +« 2/4 = I 55h
1
c. 2/20 + S5/20 + 7/20 = ' 70b
H
I
d. I/30 + &/FZ0 + 8B/30 = ! ib
1
e. 2/3 + /5 = t72b
I
!
f. 174 + /5 = ' 7Zb
t
i
!
Q. 2/3 + /4 = ' 74b
é
ha. 2730 + 2/5 + 1/6 = i 75b
i
1
!
i. 5 + 2/9 = ‘ ¢ 7&b
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b . & + E/7

1. & 2/F + S/9 = ! 79b
I
1
) [}
;
+5, SUBETRACT the following fractions: !
i
I
i

A. 11/20 — 10/20 = ! 7c
I
i
- ) !

b. i2/725 - 11725 = ! 8c
i
1

c. 9712 = 1/24 = ' %c
4
i

d, 2 —- 2/3 = ' 10e
t
i
!

e. g - F/4 = I 11e
i
H
;

f. 5 175 - 477 = ! ;EE

: [

I
i

g. F/10 = 275 = ' 13e
1
1
: i

b, 2 1/5 - 4/7 - ! 14c¢
i
P ]

O
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Flace a check mark beside all of the math classes you plan to 79c

take in high school:

Trigonometry

[}
]
o
3
]
[ el

General Math Alg

ot

]
m
)
TN
it}
=i
it
!
[T
=
n
[
i
[
n

Bu=siness Math [

Intro to Algebra Geometry

O
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SCHOOL LEARNING QLESTIONMAIRE

Differ=snt people have different ideas about the kinds of
thimgs that influence performance in school. The statements
below represent a varlety of opinions students have expressed
about what things influence their wort in school. We are
1nterested in your opinions about the kinds of influences that
affect your own school work.

This 1s not a test, and there are no right or wroang
answers. We Jjust want you to indicate whether vyou agree or
disagree with each statement.

our name will not be connected Hlth answers to tnis

A=
guestionnalire in any wav. We are interested in how students in
general think abeout these statements, and we will be looking at

on.

averages for different schools, different age groups, and so

Each questionnaire will be assigned a number, and individual

names will be deleted before the guestionnaires are scored or
analyzed.

The gquestionnaire has two parts. One part concerns
mathematicse, and the other section deals with learning in areas
other than math. Read each statement carefully., and then circle’
the appropriate word below the sentence to show how much you
agres or dizagree with the statement.

Before turning the page to answer the questionnaire,
please fill in the following information-

Schogl you now attend:

Your date of birth: Year Haﬁth Day

Ethnic group (Check one: answer 1is Dgtiahal)

Mexican American Elack American Indian

Anglo Other (Please specify}

Please write vour nmname in this space. This section will he
discarded before quéstlgﬁﬁaiﬁes are scored.

Last ' . First o -Middle Init.

ERIC
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Appendix C —Z-

inions on Mathematics Learning

the word or phrase that tells best how much you agrese
re -

1l sagree with each statement).

IF I d@ Déttgf *hah usual Eﬁ a math asﬁigﬁment. it N@uld

Strongly agree Agree Disagree Strongly disagres
If I do better than usual on a math assignment, 1t would
probably be because the teacher was trying to give me
encouragement.

Strongly agree Agree Disagree Strongly disagrees

etter than usual on a math assignment, it would
probably be because I really tried to do my best

Strongly agree Agree Disagree Strongly disagree

If I do better than usual on a math assignment, it would

probably be because I was overdue to have a gggd day.
Strongly agree Agree Disagree Strongly disagree
When I do poorly on a math assignment it is usually because’

I'm just like the rest of my family. We arent very good at
math. y

il
m

agr Strongly di

\IUH\

=agr

m\
‘U
M

Strongly agree Agr

When I do poorly on a math assignment it i=s usually because .
it was one aof thpse days when everything goes wrong.

Strongly agree Agree Disagree Strongly disagree
When I do poorly on a math assignment it is usually because
the assignment was especially hard.

Strongly agree Agree Disagree Strongly disagree

When I do pooarly on a math assignment it is usually because
I didn"t put in enought study time.

1) Disagree Strongly di%agﬁéw

\WI\

e

\I"ﬂl\

Strongly agree A

>

If I get a good grade in math it is mostly beecause

the teacher was in a good mood.

:{uw
]
i
m
m

agree Agree Disagrae Strongly dis

ﬂmw

St angly:
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Appendix

If I get a good grade in math it 13 mostly because
pretty easy for me.

Strongly agree Agrees Disagree Strongly
If I get a good grade in math it is mostly because
work carefully to avoid errors.

Strongly agree Agree Disagr Strongly
I+ I get a good grade in math 1t 13 mostly because
teacher gave easy problems.

Strongly agree Agrees Disagree Strongly
[+ someone compliments me on my work in math it is
because they think it will make me worlk harder.
Strongly agree Agree Disagree Strongly

math it is
ability.

If someone compliments me on my work in
because they are impressed with my math

Strongly

0

Strc

I l]\
[14]

Agreea Disagree

0
3J
fin
‘m

aly agre

mpliments me on my work in math it is

was on my side that davy.

M -h
\m
0

ol

omecne
se 1u

T —
m
=
IU\

cal

Strongly agree Agree Disagree Strongly

f omeans compliments me on my work in math it is
ecaus I

I =
because tried especially hard on the assignment.

Sfrongly agree Agree Disagree Strongly

1?.£§®h§n I get & poor grade in math it usually happens

-~

il

the teacher has it in for me.

Strongly agree Agree Di=sagree Strongly
When I get a poor grade in math it usually happens
the problems were especially difficult.

Strongly agree Ar “ee Disagree Strongly
When I cet a poor grade in math it usually happens
I wasn™t careful to check my work.

Strongly agree Agrce Di=sagree Strongly
When I get a poor grade in math it usually happens
math has always been '.ard for me.

Agree Disagree Strongly

disagree

usually

disagree

usually

disagree

becauc

disagree

because

;
in}
b
]

oTro
m w
[nl
Oy
r
1}
m m

disagree

because

disagree
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Appendisx C —4-=

When I do well on a math assignment it 1s wusually becauze I
studied rkhard.

Strongly agree Agree Di=zagree Strongly disagree
When I do well on a math assignment it is uwusually because
it was my lucky davy.

Strongly agres Agree Dizagree Strongly disagree
When I do well on a math assignment it is usually because
the assignme &t wasn™t very hard.

Strongly agree Agrae Disagree Strongly disagres
When I do well on a math assignment 1t is usually because

I have good ability in math.

Strongly agree Agree Di=sagree Strongly disagree
If the teacher is critical of my work in math it is usually
because I didn"t try to do my best work.

Strangly agree Agree Disagree Strongly disagree

If the teacher is critical of my work in math it is usually
because I am not able to do better work.

Strongly agree Agree Disagree Strongly disagree

“her is critical of my work in math it is usually
2 evervything was going against me that davy.

becau

Strongly agree Agree Disagree Strongly disagree
If the teacher is critical of my work in math it is usually
because [ wasn "t being treated fairly.

Strongly agree Agree Disagree Strongly disagree

o

a math test., it would probably be beca
I just can™t seem to learn.

isagree Strongly disagree

mn
rr
]
]
]
]
T
e
I
{0
3
m
M
]
i
e
1
m
]

If I were to fail a math *test, it would probably be because

Strongly agree Agree Dizagree Strongly disagree

I¥ I were to fail a math test., it would probably be because
ally didnt study very hard.

Strongly agree Agree Disagree Strongly disagiree
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Strongly agree fAgree Disagree Strongly disagree
llzuwally when I have trouble with math it is because the
toachsr Jdidn™t gxgplain things wery well.

Strongly agree Agree Disaqree Strongly disagree

Usually when I have trouble with math it is because 1
didn"t study wvery hard.

e

= Disagree

igly sanrese Agr

1
4]
r
W
M
oy

Usually when 1 nave trouble with math it is because
math 1s just naturally hard fc

Strongly agree Agree ! Disagree Strongly disagree
Usually when I have trouble with math it is because

luck was against me.

Strongly agree Agree Disagree Strongly disagree

When I have an easy time on a math assignment, it
usually because I studied before I tried the pf@blémgg

Strongly agree Agree

Strongly agree Agrees Disaqree Strongly di=agree
When I have an easy time on a ath assigrnment, it is
usually because the problems were especially easy.

Strongly agree Agree Disagree Strongly disagres

When I have an easy time on a math assigmment, it is
usually because the problems just happerned to be on things
I know.

Disagree Strongly disagree

Strongly agree Agree
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Opintans on Learning in Subjects Other Th Mathematics

{Circle the word or phrase that tells best how much you agree or
disagreae with =2ach statement. Answer by giving vouwr general
opinion on influences on learning of subjects other than math).

1. I+ zomeone compliments me on my school work. it is usually
oecause they think 1t will make me work nharder.
Strongly agree Agree Discgres Strongly disagres
2. If zomeone compliments me on my school work, it is ususally
because I tried especially hard on the assigmnment.
Strongly agree Agree Disagree Strongly disag
S I+ someone compliments me on my school work, it is usually
because they are impressed with my academic abilitvy.
Strongly agree Agree Disagree Strongly disagree
4. I+ someone compliments me on my school work, it is usually
because luck was with me that davy.
Strongly agree Agree Disagree Strongly disagree
. When I do peorly on a school assignment it is usually
because it was just ogne of those days when everythinmg goes
wWEong.
Strongly agree Agres Disagree Strongly dizagree
&, When I do poorly on a school assignment 1t is usually
lecalse people 1n my family generally don™t do well at
school work.
Strongly agree Agree Disagree S5trongly disagrees
7. hen I de peoorly on a school assignment it ig usually
oecause I didn™t put in encugh time studying.
Strengly agree Agree Disagree Strongly disagree
2. When I do poorly aon a school assignment it is usually
because the assigrnment was especially hard.
Strongly agree Agree Disagree Strongly disagree
<. I¥f I get a good grade it is mostly because the teacher

Strongly aqgree Agqree Disaqgree Stronaly disaaree



10, I+ I get a good grade it is mostly because I do my school
work carefully,
Strongly agree Agree Disanree Strongly di=zagree
11. If I get a good grade it is mostly because the teacher gave
an easy assignment.
Strongly agree Agree Disagree Strongly disagree
12, If I get a qood grads it is mostly because most schocl work
is pretty easy for me.
Strongly agree Agree Di=agree Strongly disagree
1%, If I were to fail a test, it would probably be because I
really didn"t study very hard.

was ageinst me,
Strongly agree Agree Disagree Strongly disagree

15. If I were to fail a test, it would probably be because it

Strongly agree Agree Disagree Strongly disagree

1&. If I were to fail a test, it would probably be because
le2arning school subject

= 1is hard for me.
Strongly agrese Agres Disagree Strongly disagree
17. I+ I do better than usual om a school assignment. it would
probably be because my ability came through especially well
that dav.
Strongly agree Agree Disagree Strongly digagree
12, I¥ I do better than usual on a school assignment., it would

a
prcbably be because I really tried to do my best.

I\ﬂ

ﬂ\

=agF &

m\

Strongly agree Agree Di 1= Strongly disagree

19, I+ I do better than usual on a school assignment, it would
probably be borsuse the teacher was trying to give me

encouragement.
Strongly agree Agree Disagr Strongly disagree

20, If 1 do better than usual on a school assignment, it would
probably be because I was overdue to have a gocod dav.
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Lihen I get a po
teacher has it
Strongly agree
Whern I get a po
careful to chec
Strongly agree
When I get a pa
problems were =

When I get a po
have a good hea
Strongl y agree

If the teacher
because I wasn’

Strongly agree

If the teacher

because 1 am no

~
i
m
m
[
il
5
<
+
j

Strongly agree

When I have an
usually because

Strongly agree

When I have an
usually

Strongly ac
Wnen I hav
usually bé
I knew.

o grade it usually happens because I

becausze

Apendix C

M

aor grade 1t usually happens because the
in for me.
Agree Disagree Strongly disagree

Strongly disagree

Agree Di

m

agree

t usually happsns because
y difficult.
Agree Dizagree Strongly disagree
usually happens because [ don’™ t
work .

or grade 1t
d for school

\FN‘
M

Agr Di=agree Strongly disagree
is critical of ny scheool work, it is ususally
t being treated fairly.

Strongly disagres

Agree Disagree

s critical of my school work it is usually

1
t able to do any better.

i

Disagres Strongly disagrees

i%viritiiél of my school work, i1t
try to do my best work.

is usuallyw

Agree Disagree —scrongly disagres
is eritical of my school work it is dsually
ing was going against me that davy.

Agree Disagree Strongly disagree

easy timé aon a Eﬁhégl é:%ignment iz is

Agree Disagree Strongly disagree

easy time on a scheol assignment, it is

I studied pretty hard.
i Strongly disagree
hao assignment, it is
enough to be assigned something

sagree
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When I have amn easy time onmn & =zecheool
usually because most school work isn”
Strongly q Agree Disagree

Agree D1

s
Lﬂ

sagree

Usually when I have trouble with schocl work
2qai +

Disagree

Strongl agree Agree Disagree
Usually when I have trouble with schosl
the teacher didn’t enplain things very we
Strongly agree Agree Disagree
When I do well on a school assignment it
I studied very hard.

Strongly agree Agree Disagree
When I do well on a school assignment it
hecause 1t was my lucky day-.

Strongly agree Agree Disagree
When I do well on a school assignment it
the as=zignment wasn®t wvery hard.
Strongly agree Agree Disagree
When I do well on a school assignment it
I have some talent for school waork.
Strongly agree Agr Disagree

ssignment,

it is

very hard for me.

with schcol work it is

Strongly disagree
it is because
Strongly disagres

it is because

Strongly disagree

hecause

disagree

-
rt

Woir b is because
11.

w

Strongly disagrese

is ususally because

m
m

Strongly di

vnsual

m—n

o
Ifi

Strongly disagree

is usually because

Strongly disagree

o
m

Caus

1
m

is usually

Strongly disagree
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TASK HIERARCHY FO
Additian
(30) Add a mixed number and a fraction
(29) Add an integer and a fraction
-~
!
(28) Add three fractions without
a common’ denominator X
Ll
(27
(26}
i
(257 Add two fractions with a
common .denaminator
-~
H
- $24) Given a set of two fractions,
produce the l&ast common
dernominator
(2Z) Convert a mixed number to
an improper fraction

O
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fraction from an

with a common

ITION AND SUBTRACTION
CTIONS
Subtraction
(54} Subtract a fraction from a
mixed numbEFV
(Z3) Subtract a
integer :
A ~
!
(32) Subtract fractions
common denominato
(31) Subtract fractens
denominator



o

(19) Write "1°f as a fraction

(18) a
{17)
H
em=T=="(1&) Biven a fraction, ‘dentify
the numerator

{15) Give

(14) Given a set of 2 or 3
produce the leas i
multiple.

——-==(13F) Given a set of 2 or 3 numbers,
produce a commof multiple

(12) Given a number, produce
multiple(s) of that number

(11) Given a number, produce a
factor treeg
-~
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i

{8) Given a list of numerals,
discriminate between prime
and compasi

O
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I =
(7) Given a list of numerals, -
discriminate between factors
and multiples of a given number
E)
g
(&) Determine if a factor tree
can be, factored further %

(3) Given a list of pur® ~ls
identify composite irs
i
(3) Given a list of numerals,
identify prime numbers

. H
() Discriminate instances and
non—ifAstances of factors

¥
(2) Identify multiple in
multiplication sentence
(1) Identify factors in '

multiplication santence

=== === === a== === ===
Mate: This structure represents an instructional sequence rather than a pre=

Q

requisite ordering of tasks. Some steps are included to facilitate learning; -
but they were nmot hypoathesized to be prerequisite te subseguent steps. At some
points additional complexity is introduced. thereby i1ncreasing the difficulty
level of the task, but the added complexity does not contribute to performance
af the next step in the sequence. :
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