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the study was de51gned to determine if students who use a computer to,
learn mathematlcs attaln a higher level of achievement than other stu- |
dents of the same ability level who do not use a corrputer to leamn
' mathematics.
Students in two algebra—trlgonometry classes part1c1pated in
the-study: 14 boys and 12 girls in the experimental .group which used a
' computer as a teachlno and leamlng tool; 14 boys and 11 girls in the
control group which did not use a computer A1l st{ldents were c13551f1ed
as- ''middle aolllty,” having been emplrlcally placed at that level by ;
A‘ mathematics teachers based upon each studenf's prlor achlevement 1n
. mathematics; but randr‘mly scheduled into thé e) gro@% by a computer
‘Both the experimental group and control group were taught by }
the: same teacher. Except for ‘instruction and 3551gnmnts in the experl-
mental group involving the use of the computer terminals and the language
called BASIC, the course objectives; metho;is, techniques, and instruc-
tional materiels were the same for both “groups. The experimental group

——_— b,

. i .- .
" used the computer in three ways: (1) as a computational tool; (2) as a

¢

"teaching" and learning tool; ‘and (3)k experimentally. The study took one
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S '+ 19-week semester to "complete.
1. After treatment invelving (1)‘ algebraic review material and
radicals in equations s (2) trigonometric functions and comalex numbers
' and (3) circular functions and their inverses, there was no 51gnif1cant
di.fference between the mean achievement of students who used a computer
duririg “treatment ‘an_d the mean achievement of students who di&‘no‘t use a

computer during tre atment

-
o

2. After treatment involving exponential functions and 1ogar-
ithms, students who used a computer during treatment attained a 51gnl~
- ficantly higher level of achievement than students who did not use a
computer during treatment -
; Aft:er treatment 1nvolv1ng trigonometric identities and’

formulas, students who did not use a computer during treatment attained

a 51gnif1cant1y higher level of achievement than students who used a

computer during _treatment.~ _

4, The group'ofﬁstudents which used -a'c'omputer to lesmn algebra-
trigonémétry showed’ -éignificant growth during treatment in understanding
mathemétical concepts develvopment of mathematicaljskilis; and %biiity
to" perform mathematical problem solving. { ’ ?‘k | |

5. The group of students which did not use a computer to leam
4 algebra-trigonometry tluring ‘treatment showed significant growth in under-
- standmg*mzithematical concepts and ébility to perform mathematicaI; problem-
sielﬁng_, but no significant growt}i in develo;ément of mathematical skilis .
| 6 ‘”During the semester's tteatment, there was no significant

difference in growth between the ability of "'students who used a computer ’

to apply mathematlcal concepts and the ability of students who did not
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use a-computer to eppl;y mathematic'-al‘ concepts .
7. D‘u\r@e semeeter'sf treatment‘ there was a’siéniﬁcant |
difference in growth between the mathemat1ca1 skills developed by stu-
dents who wed a computer in algebra-trlgonometry and the mathematlcal ‘
skllls developed by students who did not use a computer in algebra-
_trigonometry; students who used a computer attained a 51gr11f1cant1y
‘.hlgner level of achlevement than those students who did not use a computer‘.
8. Dunng the semester s treatment, there was no 51gnlf1cant
dlfference in growth between the problem—solvmg ab111tv of students hho
used a computer and the problem—solvmg ability of students who did not,

’

use a computer.

9. After the semester s treatment, there was a significant
'dlfference between the 1001c and reasonmg ab111ty of students who used
a computer in algebra-trlgonometry and students who d1_<_i not use aé__c‘omi
puter in a1gebra¢tri‘gonometry; -studentq vho used a computer e:ttained a
' 51gr11f1cant1y hlgher 1eve1 of achlevement than - those students who dld not \
use a- conputef‘i ». . g : : : iy

- There is- w:Ldespread need for, rev151on and further develop-. )

ment of instructional materlals televant to . eom)uter assisted prbblem—
solving in mathematics. / L {;"} ’ 7“ |
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} teletypewrlter tépminal devices.
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. CHAPTER 1
TN _THE PROBLEM
Intrbduction

No longer is "compqter" a strange word used by. few .peopie.
With the role of the coinpﬁter assuming gréater importance J.n government,
business, .and education, even elemeniary school children egre‘beginning
to use the word with évéryday regulérit}‘?‘. Today 's youths are repeatedly
hea'fing’ and seeing refereénces to cbmpufers via television and other
‘media. For this reason, students are beéinning to bécoi}le:-inquiéitive
abou‘é computers; some even fascinated with them..

Because of the growing importance of the' computer in our
- lives, it is becoming the respons'ibility of educational ins‘éitutioné_

" to introduce students to the use, potential, and limitations of the .
device. Indeed, the day seems to be rapidly épproachin;g. when high
sehool graduatés wili need knowledg’é and/or e_xperierice of computer tech—
niques tc;= comipete" fbr‘.responsible jobs. 'Helice, in the 1967 repor't' _of'
the President's Science Advisory- Commit_tee, \it was urged ~th,a-“c educa-
tional institutions greatly expaﬁd computer ‘é‘dﬁcafiqn;l' ‘After exten-
sive research and study,— thé. committee Coﬁég‘iéedﬁz 7-% -

* 1. Educational ipst;ltutions \viﬁ};:){;t access to computéfs will
be offering"inferior ‘education. |

2. - Approximately 75 per cent of all U. S. college under-

lReport "of the President's S$cience Advisory Committee,
Computers in Higher Education, The White House, Washington, D. C.,
February, 1967, i , -

“bid., pp. 4-6.
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graduates in 1965 were enrolled in courses 1n wh1ch a computer would
have been very‘ﬁsé?ait\yet less than 5 per cent of the students had
‘edequate access to'eompﬁtere; ' ‘
3.. Students iﬁ the 1970's will need e.basic understanding of

computers even if they do not work directly with them.

4. Computers should be wniversal in high schools as‘well as
colleges. | | ' ‘

5. Graduates wnable to work with computef problem-solving
'"techniques will be at a disadvantage in many fields. . K

~ During the last five years (1966-1970) severai school syétems
‘have introduced electronic data proceseing into tﬁeir vocational cur-
~ricula. Thys, many students have the opportunity to study the.major
“ﬁconceﬁts involved in this relatively new field by using the equipment
Aand/or;through coﬁputer programming languages which are offered.
Recently, electronic data processing hae also become the/object of study
in'seve;al academic disciplines; that is, teaching units have been
developed which eﬁpbasize the impact of the computer on society. Of
course; compﬁteys have been used in school\systems to provide business
" and adminiétrative-services, such as financ}al reports and student
A‘sehedullng, for almost a decade " While 1U?T%venen{?°are still necessary,
the services rendered are well established and relatively well understood.

The application not well understood mostly because its: content and tech-

nology are in the development stage, is the use of a computer to assist

-instruction.
)

~ Like a textbook or movie projector, the computér--when used
'in an instructional rather than vocational mammer--is a tool thal can

be used when a teacher and/or student feels the need for its assistance.



' o : : %
pres N . i

fod
.

Thus, coimpliter- ass:tsted mstructlon (CAI) refers to the use that a.per-
-son makes of a-\c@--usually through a termlnal device such as a
teletypewriter--to help-individualize and improve the learning process.
» " CAI carf be utilize;d in more than one mode. In this réspéct,
it is interesting to note tha't:‘there is disagreement conceming the
number and nature of thé "modes.” Some people argue that CAI consists
of only three: (1) drill and practice, (2) simulation and gamlng, and
(Sj-tutorial. They tend to think of CAT as the utlllza‘g;gn of a pro-
grammed learning machinev. Most leaders in t}{e field, however, such as
) Jerman,s Stolurow,4 Suppes,5 and Zinn,6 are beginning to interpret CAI
in a broader sense. In addition to the modes which emphasize programmed
léammg, they iﬁclude (4) retrieval (or"inquiry), (5) problem—so‘l\‘fing,

and even a few other modes not as well known. As Zinn points out:
"Criterizwséd for classification according to
the various schemes put forth in published writing
have not been clearly expressed. However, the under-
lying assumptions from which the categories have been
derived should be more interesting than the total of
the classification schemes."”

Accordingly, Zinn prdposes six dimensions which underlie the "modes":

\,: . k)
3Max Jerman, "'Promising Developmemts in Computer- Assrsted
Instruction," Educatlonal Technology,IX (,;\ggust 1969) pp. 10-18.

. 4Lawrence M. Stolurow, ComputeYr?Assmted Instruction,
(Detroit: American Data Processmg, Inc., 1968), pp. I1-28.

5Max Jerman and Patrick Suppes, 'Some Perspectlves on
Computer A551sted Instructlon," Educational Medla, I (July- August
1969), pp. 4-7. .

6Karl L. -Zinn, "Instructional Uses of Interactive Computer
Systems," Datamation, XIV (Septer.nb_er, 1968), pp. 22-27. .

' C 7Kar1 L. Zmn "An Evaluative Review of Uses of Computers in
Instruction,' Project CLUE (Computer learning Under Evaluation), U. S.
Department of Health, Education and Welfare, iject No. 8-0509, I
(December, 1970), Appendlx D, p 9
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(1) program or 1earner control (2) diagnosis and prescnptlon,
(3) variety omns available to the user; (4) type of 1nteract10n,
(5) role of the computer for the individual semced and (6) "natural-
’ness" of the conmmlcatlon between learner and system. In descrlblng
the relationship between these ‘six dimensions and the modes of CAI, Zinn
states that the "dimensions can be viewed as- deflnmg a space or domain
of. computer use, and the modes usually mentioned as simple categorles
are more approprlately deSCI'lbed as fllllpg some part of the space."8
Although the study described in this dissertation is an
-investigation of the effectiveness of the problem—solviﬁg mode o'f CAI
© in mathematics, a brief explanation of £11e other major modes is included

so. that the differences can be realized and better understood.

Drill and Pra'ctice.9 The CAI mode most commonly utilized in

elementary schoo,li prog}"éms is that generally known as "drill and prac-

tice." This mode is often used in solving quantitative and qualitative

probléms, such as those in mz;c‘;h}iematics- or in language drill and analysis.

The main purpose of drill and practice is development and mastery of a
learning task. Utilization of this mode ‘\is beet for rote practice
subject-matter; for example arithmetic and foreign languages.f -In
order for the student to use this CAI m{)c} it is\znecessary ;for the com-
puter to be programmed to process the specific drill and practice '
zmaterials selected or developed by the teacher--and which, m the
_teacher's epinipn, the student needs to help meet course objectives.

In using the drill and practice mode, it is possible for the cComputer

s

8bid., p. 10.

; 9Stolurov.xr, op. cit., pp. 14-15.
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to accumulate\\Jfg;mafioﬁ about’each‘student's performance” so that the
teacher can have a better understanding of the way in which the student

is progressing in particular skill or concept development.

éimulation and Gaming.10 TheApurpose of simdlation'and gaming
is to encourage studénts.to develqpmtheir own ways, strategieé, and/or
styles of learning. In simulating an expérience, the teacher formulate§
a model of some real or idealized 51tuat10n (such as a physics experi-
-

nent or the managment of a company)-. The complex relatlonshlps among
the variables which represent the situation are aspects that the student
is expected to- learn and interpret. 1In fact, the student is afforded
the opportunity to recognize critical conditions and méke decisions
that eithgr increase the likelihgod oﬁ particular outcomes, or decrease
the likelihood of others. Thus, tﬁis mode of CAI provides the learner
witﬁ a cﬁan;e to amass a great deal of experience in a shoft period of
time, and allows him the opportunity tg practice skills such as p?oblemJ
analysis,Ainference, and decision-making which resemble those that may
be encountered when employed-on a job. In contrast to simulation, which
attempts to depict a real or idealized si?uation, gaming is not intended
to represent a realistic condition or in}égpersonal'interactiéh:

| Tutorial.11 Use of the iutoﬁigj?mbde off CAI again necessitates
the‘teacher taking responsibility for the student's instruction. Tﬁe
logic of the process must be formalized ih detail by the teécher, often
with the hélp of a.computer programer, then entered info.fhe'computer

system. Alternative ways for formélizing the logic are,necéssary S0

lolbid , Pp. 16-17.

Ib1d pp. 18-20.
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that the process does not 1mp1y a I‘lgld' pre- determlnatlon oi' instructional
_sequences . 'I'hmteacher can determme the kind -of relatlonshlps .
which occur durmg the mstructlonal expenence. Through the use of a
terminal, such as a teletypewrlter ‘a student is presented a segment of
information wh1ch he must. analyze, synthe51ze and evaluate before
responding. When the student does respond through the use of the ter-
mmal he is branched to the next question, tract concept, or whatever,
based upon his previous Tresponse.

Retrieval (or Inqui-'ry).l«2 When a student seeks to retrleve

information from a computer, he asks questlons of the system—-usually
through the use of a computer terminal device. In tum, the computer
via the terminal, provides the student with the answer(s) it has stored
in its files. Of course, this mode of CAI necessitates that the teacher
either gets material into the computer system so that the information

is retrievable, or he works with a knowledgeable programmer to accom-
plish the- task for him. Hence, a ‘Student can ask for any 1nformat10n
~and/or its relationship which is in the information bank.

Problem-solving. Using a computer in the problem solv1ng mode

can relieve a student of much of the time- consummg task of massaglng
information; instead, he can spend his tJ,m{ ,;:oncentkﬁtmg upon the pro-
cedure or method necessary to solve a problem Most people agree that
11tt1e is accompllshed if a student spends a great deal of time repeating
a leaming task he has already mastered, such as addition or subtraction.
Of far greater value is the method-which one might adopt to treat data

according to a series of steps. Hence, this mode provides a student

3

121bid., pp. 15-16.
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with additional tdne/to concentrate upon -developing proeesses,: and -
procedures. TN ‘ ' v
| Most unique in the problem-bso'lving mode of CAT is the oppor- '
tunity it affords students to "teach'" the computer. If it is true that
one of the best ways to learn and understand the content of a course is
by teaching the subject- matter 1tse1f—-wh1ch most people agree--then
this mode of CAI allows students that rare opportunity to leam by
teachlng. For example, a student can be glven a partlcular mathematics
problem, the correct programming of whtch would help to demonstrate his
r.lcn.owledge and understanding of a mathematical coneept. -Accordingly,
programming a computér is similar to teaching others how to solve a
problem. . The computer, in a sense, plays the role of a person who the
student must teach. An important difference, however, is that the com—‘
_puter does not permit the student to .do a poor job of teaching. The
student‘nmst’-analyze the problem by recognizing the basic mathematical -
concepts; then he must follow the necessary sequence to derive the
correct answer.i?> To émcomplish this task, the student can use various
approaches. However, if any 1og1c or ar1thmet1c errors are made they
are readily noted in the form of a dlagnosédc message to the student on
the printout A sample printout ‘can be (ﬁ)md in Aﬁ)pendlx A of this
report. " Richardson describes the experience aggordingly:
"The computer serves as a "mathematics lab-

oratory,' permitting the student to write logical

and computational procedures in a suitable algor-

ithmic language, and to demonstrate their operation.

In such a leaming process, the student does not
need to know anything about the internal workings:

13 Altoona Area School District, "Computer Related Programs
for Algebra II," Altoona, Pennsylvania, 1968 p. 1.

-



of the_co ter., all that is needed is the algor-

ithmic guage. In this way, the computer gives

the ‘student a more intimate feeling for mathematics

and will influence his approach to problem-sclving

in general. It also provides the teacher with a

means for demonstrating the more difficult. mathe-

mathical concepts, so that the student nay grasp

them more easily. 14

Espec1a11y noteworthy in this "teachan" process is the
‘opportunity the computer affords students to be creative, thereby
helping the teacher to md1v1dua112e rms‘tructmn. The problem-solving
process, when applied to computer programming, usually consists of the
following steps:15 ' . A‘

1. Definition of the problem to be solved
Analysis of the problem
Development, of a computer program
. Imput of the program into the computer‘,

Execlition of the program with test data

Interpretation of the trial execution

Ao I = A T ¥ 2 B SR Ot |

7. Corrections and 'revisions of the program

Documentation of the prohlem-soiving procedure
_ Adherence to the above procedure, or one that is. 51ml1ar,
provides the student with a b351c guldellneg vsbret ali s him considerable
flexibility and opportunity to be creatlve. Dependmg upon the nature
of the ‘assignment given-by the teacher,‘ a student might deviate from .

the suggested procedure. For example, steps four and five might be

14Jesse 0. Richardson, "Computer -Assisted Mathematlcs "
Computer Research Préject H-212, Massachusetts Department of Educatlon,
p 6.

Computer -oriented Mathematics Commlttee Computer Facilities

for Mathematlcs Instruction (Washington, D. C.: Natlonal Council of
Teachers of Mathematics, Inc., 1969) , Pp. 6-7. ,
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combined; or st@;us‘/e;r\ef'{ might no:"t be ne'ces‘sa'ry._’ “When computefs become,
more interactive, even the order of the steps may change. -

Séme people argue that computer-assisted problem¥solving will
provide students with the opportunity for a ‘_greater appreciation of
mathematical concepts, such as limits and convergence, by processing

16 Indeed, it is a -

computer programs that perform these functions.
known fact that, within a few minutes, students can test the convergence
properties of a large number of examples and Acompare the resﬁlts with
the. thecry they leamned in class. Without the use of a computer, the
' computations alone for this work would take an -entire week of class
time. | | |
Regardless of the mode of CAI which one might choose to

utilize, change and/or modification to the exiéting curriculum is not
necessary to take advantage of the computer. Accordingly, maﬁy educa-
tors believe that a well—deﬁeloped, modern curriculmn should not
necessatrily be changed to permit the use of a computér as a teachir;g

or léaming tool. They contend th’.at it might be Better if a computer '
were used to help attain those objectives adready deemed relevant and/or
niecessary to meet student needs. Others ar§1e the contrary, sa)}l*ﬁg ?:hat
the computer is becoming so much a part 0,5? r"everydiy living" that it

should be an object of mstructlon; and therefore included in the stated

objectives of curricula.

£,

-

Description of the Study

Little is known of. the effeect of computer-assisted problem-

solving on student leamning beha%or. The lack.of research, which has

16Richardson, op. cit., pp. 6-7.
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so often been cited,""sug‘gests the need for studies stch as the one

reported in this -ddiseuseibn_. »

fdentifieation of the specific problem in this study can be
stated in the.forr'il of a simple question: What effect on student 1eaminé
behavior does the use of a corﬁbuter‘ have when used as a teaching and
learning tool -in high school algebra—tngonometry" '

Students in two algebra-trigonomet:y classes part1c1pd1:ed in
vth'e investigatio —-26 students in the experimental group; 25 students
in the control éroup. A1l students who participated were of "middle
ability'" level, having been empirically placed.at that .ievel by mathe-
matics teachers .l?ased won each student's prior achievement in mathe-

ma1_:i'cs; but randomly scheduled into the two groups by a computer.

' Both groups of students were taught .by the same person a
teacher with con51derab1e experlence in. mathematics and computer-
a551sted_prob1em-solv1ng_. Except for instruction and assignments in
“the experimental group relevant to the computer language called BASIC
--(Beginnele's‘ All—purpose Synbolic Instruction Code) and-the use of the
teletypewriter terminals necessary to cormmm1cate with the computer, the
course objectives, methods, technlques and \‘.'mstructlonal Jnaterlals 4
were the same for both groups. Thus, the. @eperlmenftal group used a |
computer as an instructional tool to learn algebra-trigoncmetry; the
control group did not. -

- It was not economically feas‘ible for students in the experi-
mental group to use a computer owned or leased by the school district.
Iﬁsfead a commercial, time-shared com;;uter -system was used. A time-
shared system pemiits many people to ccmnunir‘cate simultaneously with

the computer, using remote terminals and regular telephone lines on a
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dial—lup'basis{, With .this syste-m,-.students, in the experimentai group
were able to s_itmte teletypewriter stations to .write, submit,
and debug programs. To accomplish this, the user and the computer .
needed to converse in a computer language which ‘w‘nzas q_asil}? understooa
by an inexperienced user. éeveral languages :c,uch as FAPL, BASIC, and
CAL (See Chaptér 11.) have been de_\}é'ldped recently fof this purpose.
Because of its simp_licity and éasy adaptation to mathematics , BAS'I,C
was selected as fhe ianguage to use with tﬁe‘experiman-tval group in this
study. The language was initially designed for people who had no pre-
¢ vious knowiedge of computers as well as for tho‘s‘e more éXpert. ' .

The study reported in this dissertation took one 19-week \
semester to complete. Aithough most utilization of the computer ter-
" minals was in the mathematics workroom or the hallway adjacent to the
classroom, a telephone line was installed in the classroom to allow the
teacher the opportunity to use a single terminzl for teaching and demon-
stration purposes.

The senior high school mathematics .curriculum in the Dearborn
Public Schools (Dearborn, Michigan), where the stud)} took place, is a
well organized, innovative curriculum which ‘J\j -“the pesult of the 5é?<haf’1§-
- ) : .. Lot . _
tive worl‘< of many teachers and adnun1stra1i9?:§. over a?long perio—d/g_f, flme.
Changes in the curriculum are continually being made to incorporate the
most up-to-date ‘pfogram.s, methods, and techniques when it is felt thit
' .such changes will help to better meet the needs of local students. 'For
example, in the éase of utilizirig a computer to teach mathematics, it
.was decided to install oﬁe conlputér terminal in each of thé school sys-
tem's three high schools on an e)qqerimenfal bésis in Septembéf, 1969.

However, several of the people involved in the project were somewhat

-
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apprehensive; they we;*e concerned that there would not be enough time
during the semeste;' to teach the required material and still 'uti-ll‘ivze the
computer as a teaching and learning tool. Thus, .a control group/eXpérimental
group study was condl;lcted by the writelj'to answer the point. in doubt;

" and to identify related benefits and problems concerning .the use of a
computer terminal in an instructional environment. The ,fes-ults- of tha
study showed that students who use a computer to learn mathem%a.tics-need

. léss time than "other'" students for drill problems to reinforce diffi-

cult concepts; apparently because the problems are analyzed SO thoroughly

before developing an algorithm. Hence, in spite of the time used to

learn a computer language ‘and utilize approprlate equipment, the "compute-r

group' was able to receive instruction concemning all the required mate-

rial since less time was needed for the tedious calculations experienced“
by ‘the 'non-computer group." In a similar study, the Altoona (Pennsylvénia) :

Area Public School reached the same conclusion.17

~ Results such as these
encouraged the st%&y reported in this dissertation. ‘
Upon hearing of the pilot program conducted during the 1966
fa1l semester and the intention of the wrlter to mvestlgate the effec-
tiveness of the computer as a teaching and }jammg tool in hlgh school
mathematics, a computer time-sharing compg%ay»volmt?Zred to support the )
research by installing two additional terminals, free of all financial
charges or ot}nxer CC')nnnit;nents, in the high school where the study would

be_conducted.' The offer was graciously accepted. Thus, in conducting

the investigation reported in this dissertation, thrée computer terminals

~

4

17Albert E. Hickey, ed., Computer-Assisted Instruction: A
Survey of the Literature, Technical Report No. 8, Office of Naval
Research Contract (Newburyport Massachusetts: ENTELEK Inc., 1968),
p. 40.° i
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were util'ized' ‘énd the curricular strategy adopted called for the

.
5

1dent1+'1cat10n of those aims and objectives within the existing algebra-

"trlgonomtry curriculum of the Dearbom Publlc Schoo]s where a computer

' could best be used to. 1mpr0ve student leaming behav10r

. importance of the Study
Interest in pursulng the project was stlmulated by the 1ac:k
of research in the field and the w1de5pread enthu51asm as well as cr1t1-
cism of many people who argue the worth of usmg a computer as a teaching
and leaming tool--in other disciplines as well as mathematlcs Hence

in the interest of provuhng the best possible learning environment for

’pupills, the following null hypotheses were tested in the study:

1. Prior to treatment, there is no significant difference in
achievement between the experimental group and control group when mea-
sured by test instruments in the following areas: intelligence quotient;
reading vocabulary; reading comprehension; mathematical concepts; math-
ematica-l sk>ills‘; mathematical problem-solving. |

2. Wheﬁ measured by teachet-construc_ted post—unit tests that
exclude reference to computers, computer fé@guages, computer ptrqgramning,
and other areas of computer knowlgdge, tf}t;;;g is no'_ﬁéignificantdiffer-
ence in achievement between the experiméhtél group which used a digital,
time-shared, electronic computer to 1eafn mathematics and tlte control
ggroup‘ which did not use a computer to learn mathematics.

3. When tested by a te_‘achér-constructed post-treatrtlent instru-
ment measuﬁng ability to understand_and apply mathematical concepts,

there is no significant difference in achievement between the experi-

-

. mental group which used a digital, time-shared, electréni; computer to



14

~ learn mathematics aﬁﬁ'the céntrol group which did not use a computer
.to 1earn matheﬁﬁfizgt\\—

4. When tested By a standarized post-treatment 'instrument
measuring level of mathematical skills, there is no significant differ-
ence in achievement between the experimental group which used a digital,
time-shared, electronic computer to leamn mathematicsv and the control
group which did not use a computer. to learn mat}:ematics.

5. When tested by a standarlzed post- treatment 1nstrument
measur:mg mathematlcal problem-solvmg ability, there is no 51gr11f1cant
difference in achievement between the experimental group which used a
digital, time-shared, electronic computer to learn mathematics and the
control group which did not use a computer to learn mathemétics.

6. When tésted by a teacher;constructed post-treatment instru-
ment measuring logic and reasoning ability, there is no significant dif-
fer'ence in achievement between the experimental group which used a digital,
time-shared, electronic computer to learn mathematics and the control
group which did not use a computer t& learn mathematics.

7. When measured by an investioator-constructed op'inion instru-
ment; there is no significant difference bemveen the early treatment
,_opmlons of the experimental group nalevvasi?} to the7°m5e of a digital,
tlme-shared, electronic conputer to learn mathematics and the group's
post-treatment opinioné conceirning the use of the computer to learn '
mathematics.

Hence, the major purpose of ."che stﬁdy was to determine if
studénts who use a computer to learn mathematics would attain a higher
level of achievement than other students of the same ability level who

- do not use a computer to learn mathematics. Achievement was identified

-
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by adriﬁnistering tést/instrmnents if;rthe follbwing afe.as:
Cpost-maft N - e
-- AMlgebraic Review Material and' Radicals in E'qi.xat-ions,
-- Expor'xentialA Functions and Logarithms '
-- Trigonometric Functions and Complex Numbers
-- Triéonometric_ Identities and Formulas
-- Circular Functions and Their Inverses _
- Post-treatment
-- Mathematical Concepts

-- Mathematical Skills

Mathematical Problem-solving
-- Logic and Reasoning
Since -the opinion of students regarding such experience is also a con-
cern to many educators, it too was included as an important facet in
the i_ﬁvestigation. . V ‘
If supportive conclusior}s are reported from this study and
other simildr investigations, there is some justification for the cost

of computer resources for such teaching and learning. Indeed, there

will also be reason to examine altemative means of introducing the

.

i ot
technique or process. T s 7
ST

’

Instructional Techniques Used

The instructional materials that a teacher might use to imple-
nent- a ccmputer as a medium of teaching and leamning are limited. The
féw materials that are available were prepared to meet course objectives

other than those of the Dearborn Public Schools where the study took

- place. Hence, it was necessary to adapt or deVélop appropriate materials
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to meet Dearbom'As" objectivés. '_I_‘hese revised and newly developed mate-

rials were med\b)&’fhé\teacher-when utilizing the computer as a teaching
and learning tool to teach the BASICilanguage; to demohs'tréte the use. _
of the computer terminals; to illustrate the computer[s/problerh—solving

capability; and‘to introduce stﬁderrts to strategies and procedures they
mlght use to "teach' the computer.

» Students in the experimental group worked dlrectly with three
teletypewriter terminals, two of which were connected through private ’
telephone- lines to é large-scale, digital computer 1ocated approximately

15: miles away. The students typed numerals, yletters, and symbols found
on’ the keyboard to solve mathematical problems and "teach'" the computer
that which they learned in class. When desired, changes in method or
procedure were made immediately by the students with a direct type-in
an the keyooard, without lengthy manipulations of punched cards. When
-1ine, errors in "teaching" were indicated by the computér as soon as

"
they occurred and the student was assisted in making corrections by

the. d:Lagnostlc comments typed on the prlntout 18

Thus, usmg the BASIC
language, students: (1) wrote their problem—solnng programs on note-
‘book paper in "long-hand"; (2) punched the program off-1ine 1nto paper
 tape.via one of the computer terminals; Qsjgsubmtte,g the paper tape

an= 1:Lne to the computer through the tape ‘reader, (4) received a print-
out: of ‘the program and its problem-solving application; and if necessary,
(5) analyzed and debugged the program for another "run" if the computer
indicated that a "teaching" mistake had been made.

Utilization of the computer.was not limited to-assignments

Rlchardson op. cit., pp. 5-6.
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that mduired";téécﬁiné" the .computer. Problems were also assigned
which allowed swmhé‘ opportunity to use the computer as a com-
putational tool. In additgion, time was provided before and a;.’ter school
hours and during the Lunch and study périods so‘thaf students’ could
"experiment' with the compufer. ‘

Except for inétructional démonstrations, most student programs
were punched ihto spaper rtape in the mathematics workroom or the hallwéy
adjacent to the classroom. Use of the terminal devices 1n the -¢lassroom
was: too noisy and disruptive for other éui)ils not using the terminals.
Hence, each student was allowed to leave the classroom to punch his
program.% After the program was punched, the pupil retumned to the
~ classroom sO that another student could leave to work at one of the

three terminals. When all students had punched their proérams , thé

same rotating procedure was used to stbmit progréms on-line to the com-
puter. When working on-line, jstudents were allowed to respond immediately
to:&iagno_stic méssag‘eé in attempting to debug tﬁeir strategies rather
than wait to -do so off-1line. On tﬁose days when the rotating procedure
“was: utilized, the teacher used the opportunity to work individually

with other students remaining in class. Sir\f-c“e.the entire process might
have takén the expgrimental J group'several wgla)% to cb/nplete; students
were_encburaged to use the terminals befoﬁé" and after the regular

school day as well as d_uring the luncl; and study periods; thus it was

not necessary to use "too much" classroom time. -

Limitations of the Study

Like most educational research, the study described in this
. report is not without limitations-. For .example,; although the commercial

FR.
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market is finally beglnnlng to show some ev1dence of the de\,elopment of.
computer assmted\prﬁlﬂegu-solv:mg materials, the selection is still
quite 11mlted and narrow in scope. Cansequently, the instructional

materials adapted and devised specifieally for this study reflect this

. widespread need. Too, several existing materials lack thorough develop-

ment and refinement; some even need major revision. Equally important,
many of these materials must still be tested wnder Tigid conditions for
validity and reliability.

Because 'above average' students participated in the investi-

gation, the results of the study might be meaningful to more people if

. the particpants had possessed "average' intelligence--if they generally

achieved in accordance with "average' levels. However, students with
average academic competency seldom elect courses 1like algebra-trigoubmetry;
~ The experimental sample included a total of 51 students.
Involvement.of more participante would have allowed statistical analysis
relevant to socio-economic background, grade level, gender, instructional
materials- and stretegies, group siz.e, motivation, and eonq)uter language(s) .
Only three computer terminals were used in.the study because
the mvestlgator believes that three tem:malls in terms of cost, is a
reallstlc nunmber for a school to possess atf ;ﬁls pomt in t1me Hox\rever,
what effect might more term:.nals_‘ or fewe;,‘ ‘have upon the development

of student 1eam1ng behamor?



s CHAPTER IT 4
REVIEW OF THE RELATED LITERATURE AND STATE-OF-THE-ART
Cox;lputérs have been utilized in educational institutions for
more than a decade, yet their use to assist instruction is still con-
sidered experimental. Although the literature describes se\reral ways
or modes -thét the computer can be £ed to assist instruction, the study
.described in this report involves only one: the p‘roblem~s:)1ving mode
Hence, review of the related literature in this chapter is limited to

the mode of computer-assisted instruction (CAI) utilized in this study.

The Problem-Solving Mode of CAI.

i
Of the several modes of CAI which one might use, the one most

widespread in mathematics is that described as computer-assisted problem-
solving. >The popularity of this .mode of CAI éppears to be a nafurai
out-growth of the way that the computer was first used by the scientific
commnity. Hatfield describes th'e scene accordingly:

", . to accept, process, and prlnt output to a

program which makes use of the machine's capability to
store and access large data bases make quantitative
decisions, and perform detailed cgmputatlons all ati - '

l'
very gleat speeds. ‘ & { .,} ' o
Utilization of the problem-sol/vgn’g mode {)rovides the user
with the opportunity to maintain control“of the computer as an instruc-
tional tool. Unlike other modes of CAI, the computer is not used to

generate pre-programmed material or lessons; rather, it is the task of

‘the user to write the program. " To do so, he must separate his problem

Larry L. Hatfield, "Computers in Mathematics Instruction,"
A Paper Presented to the Natlonal Council of Teachers of Mathematlcs
Annual-Meeting, April, 1969, p 3.

IR -
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into silﬁple elements. As a Vresui,.l_t- of this exercise ,' the user has the
epportunity to\d‘eve’fc%generalized problem-solving skills--or sharpen
his algorithmic thinking.- Through the computer terminal, the leamner

Iiterally uses the computer as a tool, an, extension of himself, the

' same way. that he would use a sl,id.e-rule;2 If the leamer is on-line

with the computer, he receives an inimeﬂdiate,reply to his logic in the

form of a diagnostic message. When such feedback is in the- form of hard
copy, the messaggts) can be used as an objeci:'of instructibﬁ erith the
teacher. Thus, by using the computer 1n the pr‘oblem-.solving mode éf

CAL, the user is relieved of much of the tiné-consmﬁng_ task of repeating
skills already mastefed, such as addition and subtraction; instead,

he can use the: time to concentrate upon deyeloping the procedure or
method necessary to solve a problem. Even more important, the user is
afforded an opportunity to '"teach" the computer by writing programs to

solve mathematical or scientific probilems.

—

- Importance of Computer Time-Sharing

The advent of computer time-sharing during the 1960's greatly

‘enhianced the use of computer-assisted pllroblém-solving. A time-shared

computer allows many people té” commmicate si%ltmeomly with tﬁé
computer, using remote terminals and regul’:é%?télephoéme lines on a dial-
up basis.. With this system, users can sit at remote teletypex&iters or -
video station; to develop, run, and debug pfograms while on-line to the

com;{uter: The computer facility itself mayhbe just a few yards from the

" terminal stations; or it may be as far away as several thousand miles.

2budley L. Post, ed., The Use of Computers in Secondary

- School Mathematics (Newburyport ,” Massachusetts: -ENIELEK Incorporated,

1970), p. 128.

»
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The concept of computer time-sharing is based on the pr1nc1p1e

that there- is eanac1ty in a computer system for multiple users,
as long as each terminal station is active only a small fraction of the
time. Spencer describes the process:

"Each user of a time-sharing system has the
illusion that he is the only person using the system:
Each .user can run his program on-line as he would
with a conventional computer. How does a time-
sharing computer system take care of several users
simultaneously? Each one has control over the
computer for a specified quantum of time. The
computer picks up orders from one user, works on
his problem, say for 1/20 of a second, and stores
the partial answer. It then moves to the next
user, receives his orders, works on the second
problem for 1/20 of a second, and moves to the
third user, etc, When a problem is completed,”
the answer is printed on the user's console. The
computer system accomplishes this work so fast
that the user feels the system is working for him
full-time."3

“The first general-purpose time-shared computer system, called
the Compatible Time-Sharing System (CTSS), was developed for an Inter-
national Business Machines' (IBM) 709 computer in 1961 at the Massa-
chusetts‘ Institute of Technology Cfom;;utat‘ion Center. A‘year later, the

company of Bolt Beranek and Newman (BBN) developed a time;sharing system
4

P

By 1963 the computer tlme sharlng ,fleld ngan to mushroom.
RAND Corporation in California announced ’tie JOHNNIAC Open Shop System
(JOSS) ; the Department of Electrical Engineering at Massachusetts

Institute of Technology (MIT) developed a“three-terminal time-sharing

3Dona1d D. Spencer, A Gu1de to BASIC Programming: A Time-
Sharlng Language (Reading, Massachusetts: Addison-Wesley PubIishing
Company, 1970), p. 1. . -

bia., p. 3.
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system on a PDP-1. 'convlpu’ée;; Adams Associates, Incorporated, a Software‘
company , .axmom‘sed/é‘lllj\gight-:,‘teminal system using a PDP-4 computer; and-

- System Development Corporation (SDC) introduced a system ‘that could
aéconmc;date 20 to 39 terminals, using.an 1BM Q-32 computer. By late

1963, Project Bfulti‘plé Access Computer (MAC), sometimes cal'ledl the - B
granddaddy of all i;;ge time-sharing systems, was demonstrated on an

IBM #7694- computer systém. Originallif servicing 160 terminals at various .
1'0cation§ on the MIT canrpus; the project now utilizes a General Electric
(GE) 645 Vcomputer which can accommodaté 500 terminals, 150 to 200 ‘simul-

taneously on-line. >

Since Project MAC was initiated in late 1963, many universities,
computer manufacturers, and companies Have implemented large time-sharing
faciliﬁies and services which utilize other computer systéms. A few of
the better known time-sharing systems today are:
Burroughs B5500 System
Control Data Corporation 3300 System
- Digitai Equipment Corporétion PDP-8/1
Digital Equipment Corporation ‘PDP—10
General Electric 235 System \
General Electric 420 System (.,.J . [,
General Electric 635 System :
Hewlett-Packa;“d 2000A System
Honeywell 1648 System
IBM 360-50 System
IBM 360-67 System -

bid., pp. 3-6.
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IBM 7044 System |
.RCRTSEEEEEa 70/46 System

on

Scientific Data Systems 940/945 Systems’
Scientific Data Systems Sigma 5/7 Systems
Univac 494 System ° » o
Unitac 1108 System |

Importance of Problem-Solving Language

Since most time-sharihg services are used to solve scientific
and mathematical problems, they characteristically employ a problem-
solving computer language. Such ianguages‘ as APL, BASIC, or CAL make
the problem-solving mode of instruction easy to implemﬁt on a time--
shared computer system.’ |

When selecting a computer lanéuage, several factors should be
considefed; these include: (1) the instructional strategies to be used;
(2) the sub-j.ect-matter to be taught; (3) the a;bility of students; (4) the
ease of learning the language; (5) the ease of using the language;

(6) the equipment needed in the computer configuration to implement the

-

language; (7) ‘the adequancy of its record keeping; and (8) the accumulated.
6 ) -
erience from other schools using the 1 e.
=@ Lingage <.

Most problem-solving languag‘éé' &re chaéacterlzed by an active
an-1ine interaction between the user and the computer; and most evaluate
each typed statement immediately after if has been’ completed. Ali
probl’em—solvigg }1anguages must include statements to perform standard
computations and commands, such:asq: (1) invert a matrix; (2) raise to

-

anéxponen‘t} (3} take a square root; (4) represent common functions

Spost, op. cit., pp. 16, 40.



24

’ »
o :

(log, sine, ‘etc.) ,ancrl (5) .the ability to create and use new functions.’

P'mbl;améé{ving ldnguages are suitable for both indiv_idual'
problem-solving and classroom demonstration appl_icﬁtions. The followir}g
é.\re some of the most popular problem-solving languages which are used
-with tife-sharing systems:

"APL (A Programming Language)'is a problem-solving
language that operates on a variety of IBM computers
including the 1130, 1500, and 360 systems. The selectric
typewriter is the usual terminal used. APL originated as
a mathematical notation system in a book, A Programmin

- Language, written by K. E..Iverson and has since become
known as the "Iverson notation." It is a very concise
notation that makes use of special keyboard characters
to represent complex mathematical operations with very
few keystrokes. APL has the disadvantage of departing
significantly from the standard high school mathematical
notation found in textbooks. For example, no hierarchy
of arithmetic operations is observed. However, it has
been successfully taught at the high school level, and
it has many supporters who rate it highly. .

'"BASIC is a language ddeveloped at Dartmouth College
for the GE-265 TSS (time-sharing system), and it has
since been made operational on many other computers,
including the GE-600 series, SDS 940 TSS, HP-2000 TSS,
IBM 360 system, DEC PDP/8, and other types. It also is
normally used with a teletype terminal. BASIC is the .
most widely available of all the problem-solving . :
languages, primarily because of the success of commerical
_time-sharing services that offer it. The number of -
special projects involving the use of BASIC and the
abundance of related course material attest to its ;..
popularity. i : C

‘ gt L

"JOSS (JOHNNIAC Open-Shop Bystem) ik the fore-
Tunner of several special prob em-solving languages
including CAL, FOCAL, and TELCOMP. JOSS was developed
at the RAND Corporation on the JOINNIAC, one of the first
digital computers (now in the Smithsonian Institution),
and has since been made to operate on an IBM 360. Its
use has been primarily as an aid to scientists, with
very little application.at the high school level.
However, several of the more recent languages that
closely resenble JOSS have been successsfully used in
high school and below, suggesting the importance of

7Pos‘c, op. cit., pp.‘.5.2-53. V
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this- pioneer e(ffort._ JOSS provides a range of
capabilities from simple calculation to the most
complex kimds of programming. Most users acknowledge
that JOSS and‘JOSS-like languages are somewhat more
difficult to leamn than BASIC, but in tumn claim more
freedom in their ability to program complex problems.

"CAL is a problem-solving language developed at the
University-of California for the SDS 940 computer. Like
most other problem-solving languages, it operates through
a Teletype. CAL is similar to JOSS.

"FOCAL is another JOSS-like problem-solving
language which was developed by Digital Equipment
Corporation for their PDP/5 and PDP/8 line of
computers. This language has been quite popular,
especially in high schools, where the relatively low
cost of the PDP/8S and PDP/8L computers have made it
possible for many schools to purchase one or more.
Like BASIC, course material at the high school level
has been written for FOCAL.

"TELCOMP, too, is a JOSS-like language. It was
developed by Bolt Beranek and Newman for their time-
sharing service. TELCOMP has been used experimentally
at several grade levels and operates on a DEC PDP/7-
PDP/8 system.
"QUIKTRAN is a problem-solving version of the
FORTRAN language, originally developed by IBM as
their entry in ‘the time-sharing market. However, it
. appears that IBM's other problem-solving languages,
APL and BASIC (CALL-360), have displaced QUIKTRAN,
so its future is not clear."8
Because of its simplicity and flexibility, BASIC (Beginner's
ALL-purpese Symbolic Instruction Code) was sé\\lien;ted as the ~langurig'e to.
S
use with the experimental group in this sf;,tiéiy, BASIf"was initially
. v ‘
designed for people who.had no previous knowledge of computers, as well
as: for those more éxpert. j"
The BASIC language was developed at Dartmouth College by

J..G. Kemeny. His objective was to” invent a computer language so simple

8post, op. cit., pp. 53-55.
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that "aﬁy”’étﬁdénﬁ\céﬁzdfugé a computer faciiity with a minimm of
instruction éagpfﬁg(amming. Nith BASIC, Dartmouth students éctually
applied the power of a computer to real problems after only two hours
of inétruthQn, skipping the internal mechanics of the machine.9

There are, of course, many general-purpose languages. For
example, FORTRAN énd COBOL -are widely used in business and.industry;v
they are, however, more difficult to leam than BASIC, and do not signif-

ficantly increase the problem-solving capability of the novice programmer.

In fact, many advanced programmers preféflthe simplicity of BASIC.

Computer-Assisted Problem-Solving in Mathematics

Although computer-assisted problem-solving is—still relatively
new to secondary school education, the National Council of Teachers of
Mathematics (NCTM) indicated its interest in using computers in mathe-
matics instruction as early as 1963. The Council published two important

. booklets that year: Computer-Oriented Mathematics, An Introduction for

Ibachers;10 and Report of the Conference on Computer-Oriented Mathehatics

and the Secondary School.11 Since these early publications, other articles
and booklets on the topic have been published by the Council indicating

a-continued interest in the use of computé&s in mathematics. ' For example,
fed N
9 e f . .
: John G. Kemeny and Thomas E.' Kurtz, "Dartmouth Time-Sharing,"
Stience, CLXII (October 11, 1968), p. 228. .

10Computer-oriented\Mathematic§ Committee, Comﬁuter—Oriented
Mathematics, An Introduction for Teachers (Washington, D. C.: National
Council of Teachers of Mathematics, Inc., 1963).

11Computer-oriented Mathématics Committee; -Report of the
Conference on Computer-Oriented Mathematics and the Secondary School
(Washington, D. C.: National Council of Teachers of Mathematics, Inc.,
1963). '
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the article "Computers for_Sthool Mathematics"1? yas published in

The Mathematics%ﬁ?éi;_ in May, 1965, stating important guidelines for

those pursuing the use of computers in mathematics 'ins_tructidn‘. Within
the following four yéars, three additional publications prdvidedr further

assistance to thosé-interestedxin the field: Computer Facilities for.

Mathematics Instruction;13 M Introduction to an Algorithmic Language

(BASIC) ;14 and Computer-Assisted Instfuction and the Teaching of

Mathematics. 15 T

By 1969, an entire issue of The Arithmetic Teacher was devoted

to "CAI," and a new department entitled, Computer-Oriented Mathematics,

was introduced in The Mathematics Teacher. In the meantime, other groups

also demonstrated their interest in the field:
". . . one can find analogous activities being
- conducted by the Committee on Undergraduate Programs
in Mathematics of the Mathematical Association of
America by the National Science Teachers Association
and by the School Mathematics Study Group (SMSG) and
the Minnemast curriculum projects. The Center for
Research in College Instruction of Science and Math-
-matics (CRICISAM) Project. at Florida State University 16
1is developing a computer oriented calculus curriculum.”

Because utilization of the computer as an instructional tool

IS

\

: 12, mputers for School Mathematics .‘,\\‘"' The Mathematics Teacher,
- LVIII (May, 1965). o };,.J. 7,0 s

vy *

0¥ ,

'ISOomputer-oriented Mathematics Committee, Computer Facilities
for Mathematics Instruction (Washington, D. C.: National Council of -
Teachers of Mathematics, Inc., 1969). . ;

' : 1ﬂ'Oomputer-oriented Mathematics Committee, An Introduction to
an Algorithmic Language (BASIC) (Washington, D. C.: National Council of
. Teachers of Mathematics, Inc., 1968). ‘ .

_ 15Ralph T. Heimer, ed., Computer-Assisted Instruction and the
Teaching of Mathematics (Washington, D. C.: National Council of Teachers
of Mathematics, Inc., 1968). o -

16Ha’cfie1él‘, op. cit., p. 9
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*is still eiije-riqﬁ;ptél, rmémy contentions and cénjecture_s have been made
concerning its\vi;ué{o ‘iristruc;c»ion and learning. For ‘example, Kemeny
argues that .;c,tudents can use the computer to more effécfively‘leam those
princiﬁles taught theoretically in class: .

. "I feel that the right attitude is to teach them
the algorithms in principle and then the right way to
do the algorithm in practice is to program it for a
computer. Thus the computer is being used in such a
way as to force the student to explain the given algo-
rithm to a computer. If a student succeeds in this,
he will have a depth of understanding of the problem
which will be much greater than anything he has pre-
viously éxperienced.'17 -

Hoffman believes that students have a greater_mderstar}ding
of solutions to problems when the pzloblems' are programmed for solution
by the computer. He contends that the coﬁputer helps the teacher to
attain objectives which were very difficult to attain without the
’gompﬁter:

.- "In the experience which I have had along this
~  line, it has'been quite clear that students acquire
astonishingly high insight into the mathematical
problems whicH they have programmed for solution on
a’'digital computer. It is easy to see why this
should be so, as a computer program must take into
account all possible cases of a general nature . . .
To generalize, by using the computer the student is
forced to acquire insight into t}\rg general algorithm, .
the conditions under which it applies, and the general"
class of problems to which a gixfeg}proce@}t”e can be
applied as well as to those speggial ‘casesto which
the general solution is not appﬁéable. "This is
Clearly what we have always been trying to teach
“mathematics students, and contact with the computer
makes it easier to accomplish the desired ends.''18

17 30hn Kemeny, "The Role of Computers and Their Applications
- in the Teaching of Mathematics,' Needed Research in Mathematics
Education (New York: Colymbia Teachers College Press, 1966), p. 113.

18Walter Hoffman, 'Computer Mathematics--Secondary School
or Higher Education?," Report of the Conference-on Computer Oriented
Mathematics and the Secondary School (Washington, D. C.: National
Council of Teachers of Mathematics, 1963), p. 20.
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Strachey, .one of the pioneers of the first electric computer,

asserts that theuSe gf computers in an educationzl environment allows

teachers the opportunity to put greater emphasis-on the 'pl'oblem—so_lving

process. He believes that studente benefif greatly from having algor-

‘ithms diagnosed immediately; and especially. the opportunity to correct

their mistakes '‘on-the-spot:"

"In the early days of computer programmirig--
say 15 years ago--mathematicians used to think
that by taking sufficient care they would be able v
to write programs’ that were. correct. Greatly to'.
their surprise and chagrin, they found that this
was not the case and that with rare exceptions the
programs as written contained numerous errors . . .
The chief impact of this state of affairs is
. “psychological . . /—The trouble, I think, is that .-~ _

SO many educatmnal processes put a high premimum =~
on getting the correct answer the first time. If
you give the wrong answer to an examination question,
you lose your mark and that is the end of the
matter. -If you make'a mistake in writing your

- program--or, indeed, in many other situations in
‘1ife outside a classroom--it is by no means a
catastrophe; you do, however, have to find your
error and put it right. Maybe it would be better
if more academic teaching adopted this attitude
also."19 .

The opinions of Kemeny, Hoffman, and Strachey suggest that
computer-assisted problem-solving enhances_ student leamning behanor

21 and others have

They are not alone in this belief. Meserve‘ 20 Dorn,
. . s
made sunilar contentions. It now. becomes?a: challeflge to those conducti

serious research on the topic to cite factual conclusmns concemmg

-
,-.\/N O

ng

lf")Cl'xristopher Strachey, "Systems Analysis and Programming,"
Scientific American, CCXV (September, 1966), pp. 112-118.

20Bruce E. Meserve, "Evolutien—in College Mathematics," The
Continuing Pevolution in Mathematics .(Washington, D. C.: National
Council of Teachers of Mathematics, 1968), p. 113.

"The ComputeTr: A Mathematics Laboratory," Joumal of
'Educatlonal Data Processing, Special Issue (Spring, 1963), p. . 79.

<
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srlch theories’ Wlth computer a551sted problem-solving becoming an
1ntegra1 part ananstruct:Lonal programs such research should soon
be forthcoming. In a recent survey commissioned by the thlonal Scienceg
Foundation and conducted by American Institutes for_Research (AIR), 12.9
percent of nore than 23,000 eecondary scfxools queried were found to

use computere for instructional programs ..22 Of these, most are using
the problem-solving mode—-wi’th Dartmouth College and the Altoona
(Pennsylvania) Area School District perhapé the most noted.

Dartmouth College embarked upon computer-assisted problem-
solving in 1964 when it acquired a General Electric‘—‘265 computer system
with the help of General Electric (GE) and the Natlonal ‘Science Founda-
tlon.23 By the fall of that year, a team of men led by Professors
John Kemeny and Thomas Kurtz had increased the number of terminals inter-
faced to the system'to 20; and had written and introduced the probiem—
solving languege called BASIC to Dartmouth students. Today, Dartmouth's
Compﬁtation Center is the focal point of a complex time—sharing'system
servicing several hundred terminals, including 25 high schools in the
New England area. 24 )

The first K-12 school district 1n the country- to operate its
own full -scale, computer time- sharing systgj was the Altoona Area Public

Schools Started in 1964 with the aid of?a federa{ grant, the system

has now been expanded to serve 4,000 students in 16 different schools

. 22Charles A. Darby, Jr., Arthur L. Korotkin, and Tania Remashko,
Survey of Computing Activities in Secondary Schools, National Science
Foundation, Grant No. NSF-C584 (Washington, D. C.: American Institutes
for Research, October, 1970), p. 9.

2:(’Peterk'Carr, "Time-Sharing Offers” a New Tool for General
Teachlng," Computemorld IV (March 25 1970), p. S/2.

Ib1d ‘ ) o
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across five central Pennsylvanla counties. During a- v151t to Altoona

in 1969, Dr. eslep, superlntendent of the school dlstrlct told

' this writer fhat the computer‘ls integrated as an instructional tool

. into fhe_school system's mathematics and science curricula. He stated
that the:. have been no drastic changeé, however; in course content or
teaching pérsonnel._ Instead, instruction in the BASIE iénguage is incor-
porated directly into the mathematics and'sciehce‘curricula. Beginning
with grade eight, students learn just enough programming each year to |
assist them in solving problems given at that particular mathematics

or séienée<1eve1.. When invhigh school, the Formulé Tréhslation (ForTran)
laﬁguagé'is also taught. In solving their problems, Altoona sfudents

do most of their work outside the classroom. They are required to make
an analysis of their problem, draw a flow chart, and write a documented
prograﬁ in BASIC or ForTran. The progran is then punched into paper

tape at one of the remote teletypewriter terminals and transmitted to

the computer. .
" When the computer was first installed in the Alfoona Area
Public Schools in 1964, gone of the teachers conplained‘that there was
not enough time to teach all the required qhterlal and still 1ntroduce

a computer problem—solv1ng language. owgg;f through actual exper-
ience with a test group, it was found tﬁat 1ess time was necessary for
drill work ‘to reinforce difficult concepts} presumably because students‘ |
had to'analyze their problems completely before developing an algorithm.
Hence, more material was covered since léss tiﬁe was necessary for
tedious calculations. In addition,‘problems thét were once bypassed
because of their complexity and 1ength1ness, were now tackled with

success. In one of the few studies investigating the effectlvensss of
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computer-assisted »p‘robflg;n-'solvvin g, ;Altoc:na found. that experimental
groups which we_:c:g’"téQght the BASIC language and computer usage for
algebra prbblem—solﬁhg atf:ained a higher level of leaminé than éon- :
trol groups which did not experience sgch ‘instruttion—f'espeéiall.)f in
arithmeticfeasoni'hg.' ‘ _

A project somewhat similar to that of the Altoona Area School
District was conducted by the Massachuset'ts“ Board of Education from 1965
through 1967. The design of Project H-212,",as it was célkled, made use
of ‘the computer as the basis for a léborator'y approach to the ﬁi‘esentatipn"
of mathematics. Classroom instruction was g‘al_lgménted by student expéri—~
m;nts in devising and testing mathematical algorithms on fche conputer.
Richardson 1lists the foilowing questions which were identified for
mvestlgatlon in grades 6 through 12 during the project:

- 1. How can a time- shared computer be prog-ranmed as a useful

tool for teaching mathematics? ‘

2. How can classroom teachers be taught the necessary té.ch-
niques to enable them to use this tool successfully?

3. How can multiple-user éontputer facilities be -deireloped

1

on an econornlcally feasible basis for school use?

4. fiow can the mathematlcs m(rrﬁculum\*gst be aucrmented to
make effectlve use of the computer as wiool for classroom inst ructlon’?25

Students participating in Project H-212 were taught to write
computer programs in the problem-solving language called TELCOMP.

However, the primary goal of the project was not to impart facility

szesse 0. Richardson, Teachlng Mathematics Through the Use of -
a Time-Shared Computer, U. S. Department of Health, Education and Welfare,

Report No. CRP-H-212 (Washmrrton, D. C.: Office of Education, Bureau of
Research, 1968), p. 1.
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in programmifig fd"r ‘_:i._tSiA c;wn sake, but to exploit it for the presenta'tioﬂ
of. mmeMtic&Méaé\ through élassroom iﬁstruction and individual Astudent
laboratory work. Project H-212 sought to show that teaching concepts
related to cé»mputmg, programnmg, and information processing could be

used to fac111tate and énhance the presentation of standard school mathe-

matical curricular material--including arithmetic, algebra, and

: 26

elementary calculus. As a result of the project, the following was

concluded: )

1. Itis i)éssible to construct programming languages of: great
expressive power, yet so sinfple to leam that they can be effectively
taught to elementary school children.

' 2. Childrenrare easily motivated to write programs at computer
consoles. This kind of mathematical activity is immensely enjoyable to
diildren generally, including those not in the top levels of mathematical
ability.

3. Pméramming facilitates the acqui'sittion of rigorous
thhﬂ(ing and expression. Children impose the need for preéision on
themselves through attempting to make ‘the computer underétand and per-

t
form their al gorithms . i

y - ’ i

,6

4. A series of key m,st'chematth:mljL mce@g such as variable, .
equation, function, and algorithm, can’ b " resented with exceptionsl
clarity in the context of programming.

5. ~The use of a programming language effectively provides a

working vocabulary, an experimental approach, and a set of experiences

for discussing mathematics. Mathematical discussion among high school

26134,



34

' ¥’
= [l

students, relatlvel}? rare in the conventional classroom, was commonplace
" in this 1aborat@,w’se\t1ng._
6. Computers and programming languages can be readily used
in either of two ways in the mathematics classroom:
---by individual students for independent study on extra-
curricular problems or special prejects. |
-- as a laboratory facility to supplement reéular classroom
lecture and discussion work. |
7. A third way of using computers and programming that might
have radical implicatjons for the presentation of mathematics was
uncovered--the concept of teaching programming languages as a conceptual
and operational framework for the teaching of mathematics.Z7
Today's successor to Project H-212 is Project LOCAL (Labora-
" tory Program for Computer-Assisted Leaming) . Initiated in June, 1967,
to improve secondary school instruction by using the computer as a
teaching aid, Project LOCAL is aocool?erative endeavor. Five towns in
Massachussetts ;')'erticipated in the project: Lexington,.Natiek, Needham,
Wellesley, and Westwood. Originally funded wnder Title III of the Elemen-
tary and Secondary Education Act (ESEA), LGCAL is now chartered in Massa-
chusetts. as a tax-exempt educatlonal corporg"tlon L.% e prOJect s flve PDP-8
computers, which can accommodate over 3, 300 students, provide services
to more than 15 school systems in the Boston Metropolitan area. In"
addition, 200 teachers from the area have been tratned in the tecfmiquei

of computer-assisted problem—solv_i_ng.28 The computers are used for two

2T1bid., p. 2.

28Robert N. Havan, 'Project. DOCAL " (wpublished paper,
Westwood, Massachusetts, 1970) p 1.
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main purposés: _ o »

L \Ta/f@a;ox}é the achie\_;ément of mathemél:ics and science
curriculum objectives, especially in the areas of problem-solving
skills and attitude. ;

. 2. To teach to the widest possible segment of the pupil popu-
iation, a basic unde}‘standing of the computer in its role as an impor-

‘tant element of modern so'ciety.29

Related Empirical Research

Two of the most comprehensive research studies relevant to

30 .nd Hatfield. !

co.mputerjassisted problem-solving are those of Kieren
Both studies stemmec} from the two-year Computer-Assisted Mathematics
Project, better known as CAMP, conducted at the University of Minnesota
Hfgh School. Financed through a grant from t}‘le General Electric Founda-
tion, CAMP was directed by David Johnson. . The project wasd‘originated
as a d’evel'opmer;t and research progrém at g'radeé 7, 9, and 11 to identify
appropriate material in the exiéting mathemti;s‘fprogrim thai hight be
more effectively studied through designing computer p ogrzims. The grant

supported a single teletypewriter termlnal and related time- sharmg

contracts over two years of work. 32 Voo . .
. 7 ot .
2, i f

Ibld

: 30’[‘homas E. K1eren, ""The Computer as a Teaching Aid for
Eleventh Grade Mathematics: A Comparison Study " (unpublished Ph.D.
dlssertatlon, University of Mimmesota, 1968).

Larry L. Hatfield, "Computer-Assisted Mathematics: An ~
Investigation of the Pffectlveness of the Computer Used as a Tool to
Learn Mathematics," (unpubllshed Ph.D. dissertation, University of
Minnesota, 1969).

32Kieren, op. cit.
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Kiéréhié tWo-yeaf study involved eleventh gfade mathematics
students injthe\sﬁﬁﬁ*ﬁjoject: 36 students during the first year; 45
stﬁd*nts in the second.year. All participants were assigned either to
the computer group or the non-computer group’ for the study. The main
difference in treatment between the two groups was that experimenttal
participants learned much of their mathematics by writing‘BASIC programs
. which involved the problems, concepts, and skills from the regular math-
ematics course. In contrast, the control group did not use the computer
or sfud& any related material. Durinngoth years of the'study, the
control group and experlmental group were faught by the same teacher
using the same text material--the Secondary Mathematics Study Group

(SMSG)'Intermediate Mithematics.” Various measures of mathematical

-achievement were obtained during each of the two experimental years.
Methods of variance and covariance analysis were applied to these mea-
Asures.to test hypotheses of no differences in group means after instruc-
tion. 1In addition, the proportions of correct responses were examined

for. 348 fest.items used during the.second year. Kieren reported one
rejection out of eight of the null hypotheses of no treatment effects

; >
during the first year. This rejection favorég_the mean of the computer

class on the standardized Contemporary Mathémgtics Test, Advanced level. .
: . . : ‘ Fr ¥
. CF
No.significant difference of treatment by previous achievement level

interaction were found for the eight tests.3§

"During the second year, the \achievement of the
computer class was found to be signlficantlyfhigher
according to the means for the Unit Test on Quadratic
Functions when the analysis involved the pretreatment
STEP 2B and Unit Test on Functions scores as covar-
iates. Using the same eleven tests and the analysis
of variance procedure, Kieren rejected the null

33Kieren, op. cit. . —
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hypothesis of ‘o differences due to treatment for
the means of the Uhit Test on Trigonometry and the, .
COOP Trigenametry in favor of the regular class. As
in the first year, the test of interactiorﬁe‘%;ealed
no significant differences. However, an inspection
of the cell means suggests that the computer seemed
to be relatively more effective for students of
average previous achievement."” .

Kieren's study revealed that the null hypothesis of no dif-
ference in thé proportion of studeni%s correc;cly» responding to a test
item was rejeéted for 43 of the 348 items iﬁcluded. A thorough study
of the iée’rﬁsl indicated that the computer had little positive -ef-feét on

simple skills such as computation with complex numbers and geometrical

) S

treatments of trigonometry. In contrast, the computer "'seems to make its
st:rongést contributions in the areas of complex skillé, organization of
. data_and drawing coriclusions therefrom, and the study of infinite
processes. n35
~ In another two-year study similar to Kieren's, Hatfield worked
with seventh grade students. Th-e'design and instructional procgdures
were analogous to those in Kieren's study. However, revisions of the
supplementary materials and constructed tests were sufficiently extensive
to require that each year be treated as a separate experiment. For pur-

i S
poses: of analysis, each treatment was blocked into three levels ’according

‘to previous achievement on the STEP Mathemdtics 3A t{ké?,t. Analysis of

variance was used to compare the main effects resulting from treatments
and differential effects of treatments across.previous achievement lebels.

To  identify the particular contributions of each treatment, proportions

s

34Ha‘cfield, "'"Computers in 'Mat_hematics Instruction," op. cit.,

p. 17,

35Kiereﬁ, op. cit., pp. <127-12_8.
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of students responding correctly to a test item were compared.36 Hatfield

describes the m&u‘i‘té\of the study:

"During Year 1, the effect due to treatment as
measured by group means was significant for only one
(Numeration Systems) of the €leven criterion tests.
This difference favored the nonconmputer treatment
with the greatest difference in cell means occuring
at the low previous achievement level. During this
initial unit, the' computér students also leamed the
BASIC programming procedures which seemed to inter-
fere with the concurrent study of numeration systems.
The equality of item proportions was tested for 266
items. The proportions of correct responses in the | :
control group was significantly greater on 22 items
while on 19 items the computer group was favored. . '

On 6 of the 8 significant "skill" items, the ‘control
group was favored. :

"During Year 2, the means analysis of treatment

effect revealed significance on one (Elementary
Nunbér Theory) of the six wnit tests and two (Contem-
porary Mathematics Test and Thought Problems) of the
siX post-treatment tests. These significant dif-
ferences all favored the computer treatment. Compar- °
isons of cell means on these three tests revealed
that the High and Average previous achievement computer
groups were especially favored. The number theory unit
was recognized as a particularly relevant setting for
the use of the computer. The emphasis of this unit was
on exploration and inquiry with problems involving many
laborious calculations. The orientation was to use the
computer as a laboratory tool to explore a number of

~ interesting number theory settings. The proportions
for 327 items revealed that the computer group scored
significantly better on 25 items while 13 items favored:
the control group. The computer group was significantly
favored on 12 of the 16 "problemt-#tems a}zé 10 of the 16
"concept" iterms,"37 & B

N

The results of Ifie;‘en and Hatfield's studies do not support.
computer-assisted problem-solving as the opfimal instructional approach

in all settings. NeVertlleless, the studies do provide evidence that

n

36Hatfie_ld, "Computers in Mathematics Instruction," op. cit., -

p. 18.
3’/.Ha'cfield, "Computers in Mathematics Iﬁ_struction," op. cit.,
pp. 18-19. e B
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seventh and eleventh grade students can leam to program the computer
to learn mthm Furthemore in several partlcular settlnfs the

computer-approach did result in significantly 1mproved performance.

Cost of Computer Assisted Problem—Solvmg

One of the major obstacles to implemenitation of computer-assisted
prohvlem-solvmg in educatlon is the high cost of computer time-shar_ing‘.
When considering such instruction, ‘three distinct "hardware" costs
should be considered: (1) the computer; (2) the terfnihal; and (3) the
telephone. 38

The cost. of the computer can be either a variable charge,
whereby the user need pay only for what he uses; or a flat rate for the
month, offering the user unlimited service of the computer for one price
Utilization of the Varlable charge method involves a separate, dlstlnct
expense for each of the following:

1." Terminal Connect Time--amoun: of time in minutes that the
terminal is on-line to the computer, regardless of whether the computer
is manipulating information 01 not.

2. Central Processmg Unit (CPU) Time--amount of tlme in sec-
cnds that the computer is in use manlpulatl\ g or calculatmg 1nfonnat10n.

3. Storage--volume of 1nf0mat§on that is saved in aunllary
files of the computer for future reference.

In most cases, charges for terminal comnect time range from §3
to §$25 per hour; CPU time ranges from $.02 to $.08'per second; and
storage ranges from §1 to $3 per it or pr-ogram. Specific costs depend

wpon the vendor, the user, and the volume of use. Fortunately, 2

38Post op. cit., pp. 69 83
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educational users often receive a discount, sometimes as high as 50
percent from comfercial rates. Depending upon the volume of use , some
vendors also offer a "sliding scale" charge to customers; Table 1 is an

example.

.

- TABIE 1
A SAMPLE -OF COMPUTER TIME-SHARING "SLIDING SCALE" RATES

DAYTIME RATES

For Connect Time between 7:00 A.M. aﬁd 6:00 P.M.
Monday through Friday

IF QONNECT TIME IS CONNECT CPU STORAGE UNITS

0-25 hours, your S
rate is $10.00 per hour  §.05 per second $2.00 per wnit

25.1-50 hours, your ) .
rate is 8.00 per hour -04 per second 1.50 per wnit

over. 50 hours, your

rate is ' 6.50 per hour .03 per second 1.00 per wnit
NIGIT TIME RATES -
For Connect Time between 6:00 P.M. and 7:00 A.M. -
and All Day Saturday and Sunday
CONNECT YCPU . STORAGE UNITS
For éllvusage during }g,d} . L.Q
rdghtime and E s { Based on day-

Saturdays and Sundays  $4.00 per hour &.03 per second time rate

In contrast to the variable charge method, many vendors also
offér a "flat rate.” Utilization of this ﬁxethod of payment allows the
‘user. unlimited conne'ctztime, mlthed-CPU time, and s:ometimes even un-
limited storage--all at a fixed rate perrmoﬁth. _Careful scrutiny of

specific needs helps to determine ‘which of the t;vo methods of payment is -

B
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most economical. g _

In 2ddition to the cost of computer time,. a second expense to
computer time-shari_ng users is the cost of the terminal or console device
--often a teletypewriter or a visual display wnit. When using computer
time-sharing, such a device handles the input and the output, sending data
. into the computer and printing or ‘displaying the computer's output.

The most popular of the computer terminal devices used in. edu-
cation is the Automatic“Send Receive (ASR), Model 33 teletypewriter with

. ‘
a‘paper-tape punch/reader. The paper-tape punch/reader is an attachment
to the Model 33 console which allows the user to punch input (e.g.
programs) while the terminal is off-line; that is, without connecting
the terminal to the computer:

"A program is typed at the terminal exactly as if

if were being sent to the computer and is reproduced at

‘the same time in the form of a string of punches in a

length' of paper tape. When the tape is fed back through

the tape reader on the terminal, the Teletype will print

out the identical program, so typographical and program-

ming errors can be corrected without the computer being

accessed.” Not only is computer time saved by sending

only 'precorrected' programs, but programs which are

read in by tape instead of by manual typing are sent at.

the rate of 10 characters per second, which is consid-

erably faster than most Students ‘type. This increased

-input speed saves enough computer time to more than 39

offset the cost of the tape pmc?é}reader@;ctachment."

Y

The cost of the ASR-33 without ﬁtﬁe"pape‘r—éape punch/reader
depends upon the vendor and competition,‘usiJally ranging from a low of
approximately $1,000. Without the attvéchn'ent, the terminal is called a.
Keyboard Send Receive (KSR)-33. , ,

More expensive than the ASR-33 is the ASR Model 35, a larger,

quieter, and more durable termin;ﬂ. Like the ASR-33, the Model 35 can

L
30, 5 L
Post, op. cit., pp. 79-80.
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be purchased with or without the paper-tape option.

mm entry into the ASR series is "ehe Model 37 which
operates at.15 characters per second instead of the usual 10 characters
per second. However, because of the low cost and relatively few com-

plaints, the ASR-33 remains the most popular terminal used in education

-teday; especially the mobile version. Having wheels on the it allows

teachers the opportunity to easily take the terminal into the classroom,
pmvided that the room is equipped with a telephone and a 110-volt elec-
trical outlet

Regardless of the model or the options, all three ASR models
can be.leased as well as purchased. leasing rates begin at approximately

$50 per month for an off-1line, Model 33 terminal; $85 for an on-line,

-‘Model. 33 terminal.

- -Although the ASR is the most popular computer terminal utilized
by educators, there are many other "hard copy" terminals available.
Anerlcan Data Systems DATEL Corporatlon, International Business Machines
(IBM) , and several other vendors market such terminals. Many of these

units:use the major componen#;s of the IBM Model 2741 Selectric Type-

- writer, modifying it for use’ s a computer}ternunal P

Far more expensive than the ha.%d copy té«'munals which pronde
paper output, are the visual dlSpla}’ terminals having a television-like
ssreen.‘ Activated by the compu"cer, output on the screen is printed
silently in standard letter and nunber characters--or graphic displays. .
Some display units are even capable of output showing slopes 1ntercepts,
p_arabolas, and drawings. Although most input is generated via a type—‘

writer keyboard, some wnits also accept graphic input from an electronic

pointer called a light pen. Thus, pattemns of light can be traced

PO

¥
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dlrectly onto the. ea'éhode Tay tube (CR’I‘) screen. Speed, quiet, and
visual dlspla)vﬁ\three of the main advantages of the CRT termmals.
However, recent development of the non—lmpact printer has increased the
demand for "hard copy" terminals beca_use they too are quiet and fast.
In addit—ion » Visual display temminals are two to five times more expensive
than the hard copy terminals.
s A third hardwareqéxpense, one which is often ovei‘iooked when
considering computer time-sharing, is that of the telephone. Indeed,
if it were not for the transmission previﬁed by the telephone company,
remote computer time-sharing would not. be possible todéy. It is the
‘ telephone line that provides the link between the terminal device al:ld
the computer. To access the computer, the user need only dial the tele-
phone number of the computer on the terminal data phone; then type the
approprimte code nunbers on the typewriter keyboard of the terminal.
Because a teletypewriter terminal needs only a voice-grade
transmlssmn 11ne the same as a telephone the terminal can be wired
into an ordlnary telephone jack. Thus, just as telephone transmission is
charged on the basis of distance and time so is data transmission. If
the data transmlss:Lon via the terminal and/or computer requlres a long-
distance. phone call, the telephone expens‘e‘) can be\/‘substantlal However,
specidl telephone-line arrangements can sometlmes be made with the local

telephone company ‘to reduce the high cost. Much depends upon the telée-

phone company's local fac111tes and services.

Computer-Assisted Problem—Soiving and Educational Theory

Of great impotrtance to educators is the potential of computer-
~assisted problem-solving to support curriculum development; and in a
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'varlety of ways. Oonlprutef assisted problem-solving does not ‘appear to

be restrlcted‘}n’fﬁs\sappllcatlon to any particular academlc discipline.
Instead, the breadth of potential application may be as great as that

~ to which books, films, and tape recordlngs have been applled Hopefully, ,
current and future research will help to 1dent1fy' the most benef1c1a1 role
of this new mode of instruction. Even more important, computer-assisted
problem-solving may permit the meaningful development of learning princi-
ples in the field of psychology; and a more direct application to the
préscriptive field of instructional development.40 If these two fields
can be brought closer tOgether, most educators agree that it will contrib-
vute measureably to instructional development and curriculum design.

.As a pedagogical tool, computer-assisted prob_lem—eolving is
student oriented and initiated in contrast to the other modes of CAI ”
which emphasize "canned" dialogue. Students have the opportunity to make
de'ci.;,ions relative the the strategies they develop by limiting the com-
puter output to the particular information or variables being examined.
Indeed, foﬁnal lcnowledge is only oan of the instructional process.
Heuristic knowledge, “ concerned with the art of solving problems, is
also important. Such knowledge 1s emphasued when students wrlrte pro-
grams to solve problems As Hatfield pon’rtg out: / L

"The design of computer algonthms seems ideal

for experiencing such heuristic precents as 'formulate
a plan,' 'find a related problem,' 'observe special

4ORobert J. Seidel, "Computers in Education: The Copernican
Revolutlon in Education Systems," Computers and Automation, XVIII
(March 1969), .p. 24.”

4 George Polya, How To Solve It (Garden City, New York: Double-
. day Anchor Book, 1957). B

-

)
.
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ca:ses,;' Qr 'simpiify._the condi‘rcions."‘[‘l2

Sinc\e;tfo’n-ﬁrter-assisted problem-solving emphasizes concept |
learning, discovery, and the opportunity for heuristic knoﬂedge, it
is not surprising that proponents of the mode Subscribe to the ideas of
Jerome Bruner. A look at Bruner's four essentials to develop a theory
of. instruction43 illustrates the‘c'ompatibilit'y of computer-assisted
problem-solving with his cognitive approach to learning:

1. The experiences which most effectlvely 1mplant in the
mdlmdual a predisposition toward learnmc W

2. The ways of structuring the knowledge so_that it can be
most readily grasped by the learner.

3. An optimal sequence to present the materials to be learned.

4, The form and pacing of rewards and punishments in the
process of learning and teaching. .

Brumer contends that a theory of instruction must be prescriptive
rather than descrlptrve that it must set forth rules concerning the most
effectlve way of achieving knowledge or skill. He asserts that the pre-
disposition to explore alternatives is 1mportant to achieve leamlng, and
that instruction must facilitate and regulate the exploratlon of alter-
naj:wes on the part of the learner. In g se;c};rlblng\f.‘fhch search behavibr,_
Bruner believes that there are three aspects to the exploration of alter-
natives: activation, maintenance, and direction. Stated more defin- j

itively, dctivating exploration of altematives necessitates uncertainty

4z Hatfleld "Computer-Assisted Mathematics: An Investigation
of the Effectiveness of the Computer Used as a Tool to Learn Mathematlcs "

op. cit., p. 14.

43 Jerome S. Bruner, Toward a Theory of Instruction (Cambrldge
Massachusetts: Harvard University Press, 1967) pp. 39-72.
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and curioéity§ vméi/ntenance of exploration requires ‘that vtﬁe benefits from
~ exploring almes exceed thé rlsks J':ncﬁﬁed;_ and the appropriate

direction of exploration depends upon a sensé of the goél‘ of a task and

a lcnoufiedge of the relevanée of tested-alteméti\iés ‘to the achievement

of 'that goal.
' ‘ Bruner's ideas concerning the form and pacing of reinforcement
are of particular interest to those invo‘llved in compp";e_r-assiste& problem-
solving:

""Learning depends upon knowledge of results at a
time when and at a place where the knowledge can be
used for correction. . . Knowledge of results should
come at that point in a problem-solving episode when
the person is comparing the results of his try-out
with some criterion of what he seeks to achieve. . .
Knowing is a process, not a product."

Neverthless, one ofl the aspects of computer-assisted problem-
selving which has been most controversial is the immediate feedback fo
students inherent in the on-line process. There is confli_cting evidenq_a
regarding such quick response each ,time a student makes an error. Suppes
depicts the conflict:

"It is not clear to what extent students should
be forced to seek the right answer, and indeed whether
this search should take place mdre in what has come to
be called a diScovery or indugti}ve mode, as opposed to -
more classical modes of instygcgion which consist of -
giving a rule followed by examples and then exetcises
or problems that exemplify the rule. A particularly
troublesome issue that has come to the fore in recent
research is the question whether different kinds of
reinforcement and different sorts of reinforcement o
schedules should be given to children with different
basic personalities." : -

1bid., pp. S0-51, 72.

. 45Patrick Suppes, '"On Using Computers to Individualize Instruc-
-tion," The Computer in American Education (New York: John Wiley and
Sons, Inc., 1967), p. 21.

~
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Closely related to thefpersonality differences cited by Suppes
is the dispute‘zsgzgzgﬁng different cognitive styles; fbr’example,
whether children are impulsive or reflective in their approach to
problems. Perhaps the primary difficulty with the research on cognitive
styles, as it relates to computer-assisted problem-solving, is that the
research is primarily at an empirical level. As Suppes points out:

"The reach of theory is, as yet very short, and it

is not at all clear how the empirical demonstration of

different cognitive styles can help us to design highly

individualized curriculum materials adapted to these

different styles. An even more fundamental question of

educational philosophy asks how much the society wants

to accentuate these differences in style by catering

to them with individualized techniques of teaching.'4

Without a doubt, the most persistent problem in education is
the translation of theory into practice. This problem is particularly
acute in.relating psychological theory to specific instructional pro-
cedures. Computer-assisted problem-solving requires that the teacher
commit himself to a theory of teaching. Equally important, howéver, is
the need to evaluate the theory. “Thus, some people visualize cdmputer—
assisted problem-solving as a potential-catalyst for translating instuc-
tional theory into practice. Hence, one ofkthe most critical applications
for. computer-assisted problem-solving mayhgg}as a-Sngol laboratory to

‘ s

leamn more about learning; perhaps ultimé%ely, to build a theory of
instruction. Because there are tremendous new advantages of storage,
retrieval; access, interaction, and complete attentiveness to the needs

and desires of the individual student, there may even be the potential

to dévelop a new model of education.4z'
®1pia., p. 22.
. 47 '

Seidel, op. cit., p. 25.
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To further :suppor,t' the value of computer-assisted problem-

solving, propone_?lﬁ/’c?te Jean Piaget's often-discussed theory of intel-

48

i‘ectual development. According to Piaget, the developmeﬁt of intelli-

gence means the development of logical thinking. He emphasizes the
importance' of activity and discovery, stating that an operation is the
essence of knowledge; that it is an interiorized action which modifies
the object of knowledge. Accordingly, he identifies three important
characteristics inherent in an operation: (1) always an interiorized -
action; (2) always reversible; (3) never isolated, always linked to othar
operations. Piaget points out that "ordering things in a series" is an
example illustrative of an operation; thus, one might conclude that he
would classify the act of writing a computer program as an operation
which helps to>deve10p logical thinking.

Not only do those interested in computer-assisted problem-
solving refer to Piaget's theory relative to the cognitive domain of,
behavior, but also to his ideas concerning the affective domain:

"There is close parallel between the development

of affectivity and that of the intellectudal functions,

since these are two, indissociable aspects of every

action. In all behavior the motives and energizing

dynamisms’ reveal affectivity, whilé,-éthe techniques i

and adjustment of the means employed-constitute the

cognitive sensorimotor or rationg‘l&%spect%'lhere is

never a purely intellectual actipd,* and nuherous emo-

" tions, interests, values, impressions of hammony, etc.,
intervene, for example, in the solving of a mathematical
problem. Likewise, there is never. a purely affective
act, e.g., love presupposes comprehension. -Always and
everywhere, in object-related behavior as well as_in _

interpersonal behavior, both elements are involved.
because the one presupposes the other.''49

48Jean Piaget, '"Development and Leaming," Journal of Research

in Science Teaching, 11 (1964), pp. 176-185. -

49Frank E. Williams, } odels for Encouraging Creativity in the
Classroom by Integrating Cogni;?i\_rg-.Affegtiye Behaviors," Educational
Technology, IX (December, 1969), p. 9.

4
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The work “of Robert Gagne is also cited often by those involved
in computer-assisted problem-solving; especially Gagne's contention that
instruction must be designed to teach the student the capability of doing

- k3

- something, not of "knowing" something: -

"The notion.of performance objectives is important
because it emphasizes the doing. What is being taught
is an intellectual skill, not recallable verbal infor-
.mation. To use other terms familiar to curriculum
designers, the primary purpose of instruction is process
not content. . . the purpose of education is to teach
students to think. . . the notion that computers can be
used to provide practice for the student in solving '
problems which simulate real situations is a very

.. appealing one.">0 . : .

Impact of Computer Time-Sharing on Society

It is a matter of recorded history that any socié.l group which
crosses the threshold of technological change will vacillate bgetwéer; pri-
mism and pessimism. For example, some educators c.ontend,thaf “computer-

" assisted instruction is destined to have an impact on society of a magni-
tude comparable to that of the auto'mobile;" In contrast, other educatoré
have warned that the role of the computer in education is extremely
limited. They argue: "Teaching is-a highly personalized process; no
computer can ‘encourage Johnny by giving hir;liia‘ friendly pat on fhe head:"51_

In an attempt to achieve objeqﬁéf\;it& reﬁt?ive to such debate,
one‘mus‘t ultimately ask if the pfinéiples 1:ommon1y proélaimed by psycho-
logists pertaining to human learning are accepted. If they ére not,

then there seems to be no end to the debate. If however, as it appears,

50Robert Gagne, '"Educatignal Technology as a Technique,'
Educational Technology, VIII {November 15,-1968), pp. 10-12. :

Co 51’Ifhe Computer in Education, #n IDEA Occasional Paper (Dayton,
» Ohio: Institute for Development of Educational Activities, Inc. , 1970),
p- 8. . : '
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the principles are :éc_:cepted, then many elements in any deliberately

creéted learning situation permit computer:i"zation.52 vaiously, such an
assumption does not identify the specific eléments in a learning environ-
ment which can be compuferized; nor the manner in which such computer-
ization can be implemented to achieve desirable ends:

"It does not deny the fact that, as.in the case
of management and any other utilization of computer
systems, the ultimate control and design must be
vested in men. Likewise, it does not preclude the
possibility that parts of some deliberately created
learning experiences must remain under the direct
control of persons. -

"More than any of the other educational tech-
nologies, the computer focuses on the urgent problem
of developing a specific combination of people and
things to create an efficient and effective learning
environment. . . this theorizing leaves many questions
unanswered about what types of computer hardware and
software may be necessary for educators to accomplish
particular kinds of 1eamin§ that may now be possible.
Moreover, it ignores cost.'53

No doubt, the current popularity of computer-assisted problem-
solving -in education is due primarily to the success of computer time-
sharing. The development of the time-shared technique has allowed many
users to interact with a single computer ir’),\a ,seemingly_sinnﬂtér}eous
manner. Even more amazing, a user is now ab\le to gain access té) the
power of the computer while he is in a ré’égt'e 'loca\t\'/;?m—»-mrely by utilizing
a-terminal device; it is necessary on1>; that the data terminal be con-
nected to the computer via a telephone 1ine.. Indeed, the terminat]‘2 may
be. located any'where. that there is a telephone and a 110-volt élect;izal
outlet. o7

Many proponents of computer time-sharing contend that it is

. 21pid,
S31bid. Pl e -
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quite possible dui:i'ng' the next decade that the use of time-sharing will
be as common as“ the ﬁse of telephones. They argue that people in edu-
cation and industry will become more familiar with the benefits of com-
puter time-sharing, as well as dependent upon it, and that the day will
come when people will have a data terminal m their Homes for quick and
easy access to computér services. . -

Undoubtedly, the powér of computer time-sharing systemshwill
become much greater in the years ahead One central processor will be
able to service many more terminals than the number currently operatmg
from a single system. Such growth will result merely as a matter of
economics for the time-sharing industry More 1mportant for the user,
however, there is a strong likelihood that improved termmal devices will
be available.

Perhaps thé single most inrportaﬁt use of conlputerJtine—shéring
in the future will be the development of data bases for management infor-
mation systems. Until recently; one of the main obstacles to the develop-
ment of informatién systems was the difficulty of gathering the timely
mformatlon for a common data base for many remote sites. Thé capabi.lity .
of a computer time-sharing system is 1deaa}1y sulz;id for- this task ~Infor-
mation can be entered from a number of*'cﬁfferent fterminal locations into.
one central computer. It can then be used by. other remote locations as
well as the place of iﬁput. However, thé capability of numerous terminal
locations accessing various files creates a major problem--the possibility
of ‘invasion of ;;rivacy. ' To resc;lvle this dilemma, greater emphasis will
have to be given to the development *of discriminating codes so that confi- .

dential files will be accessible only to certain people. At this point

in time, there is no apparent foolproof solution to this explosive and
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delicate problem; Mas, it appears that ‘computers are beginning to invade
every phase Ofm‘life:;

"Much more than you realize, .the lives of ordinary

people are being contrplled by computers. These mech-

anical wizards do astonishing things, and experts say -

the computer age is only dawning. It is estimated

sales will triple in just seven years."

Of the $21.5 billion worth of computers used in 1969, 'approxi-
mately $1 billion was spent for time-sharing systems. As indicated in
Table 2, it is expected that the investment will grow to $5 billion by

the mid-1970's.>>

TABLE 2
COMPUTER SYSTEMS IN USE IN THE UNITED STATES

YEAR - NUMBER OF COMPUTERS DOLIAR VALUE
©1955 244 $177 million

1969 53,500 $21.5 billion
1975 128,000 » $54 billion (est.)

)

In addition to threatening one's i';g\rivacy, another'inii)Qrtant
problem relevant to the usé of con.xputers }é ﬂ}qcogbiggd in the question:
"Who's. in control, computers or people?"ﬁ';'i'ﬁ,e sf:i‘ucture of society is
already so complex that it is difficult wnraveling the control mechanisms
tqrdétermine where the dangers exist. Thus, it is anticipated that the
problem w111 get more complex and difficult to combat as computers assume

more and more service functions. As Hamming points out: '

54"How Computers are Changing Your Life," U. S. News and World )
oReport, LXVII (November 10, 1969), p.. 96.

SSIbid.— : B

y
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"When -we program computers to interact with humans,,
will We interest of machine efficiency decrease
the options available to humans, or will we , at the ex-
pense of machine efficiency, increase the options avail-
able to humans?. . . Each programmer can help make the
(decision--all he has to do is look at his program and
ask the simple question: Am I decreasing or increasing
the number .of options available to those who will have
to interact with this system compared to what they had
before? If I am decreasing them, then it's bad. . . If
we are going to end up with a liveable society, we are
going to have to insist that those who program computers
wnderstand their social responsibilities.?50

it is-expected that the cohlputer will have an important and
increasingly greater impact on the way that individuals live. Indeed, a
significant portion of the impact will be a direct reéuit of time=sharing
systems. More and more, it is expected that-computer‘s‘ will monitor bank
accounts, prepare payrolls, help to sell msei‘v&tion.,tickets (fOI." shows ,
sporting events, airlines, etc.), feed 1iirestock,’d¢$ign cars, pian cities,
conbat crime, aid in medical diagnosis and prognosis, guide spacecraft,
fight pollution, assist feachers, etc. A survey of 250 cofﬁpﬁter experts
fi‘om‘Z'ZA countries summarizes thé ‘prediction that all major ipdustries
will be controlled by computers by the end of the twentieth centry.

"The impact on-the labor force will be immense.
Computers controlling manufacturing processes will -
replace the man-and-machine production lines of to-
day. Computer-controlled nmﬁufaq_@gf‘hg functions,
industrial robots and nmnerical’l;’,’?;qontrol‘l lathes

. are the forebears of the larger"'{utomated facilities
of tomorrow. v

"Experts estimate that as much as 50 percent of
today's labor force will be dislocated. by advancing
computer technology. Most will not be out of jobs.
New opportunities will be opened for making decisions
‘that end up on tapes in the machines. Working hours

. may be shorter, overtime eliminated.'57

>

'56Richard W. Hamming, "Computers and Society," AEDS Monitor,
VIII (July-August, 1969), pp. 8-9. . s

57"'I—low Computers are’ Changing-Your- Life," op,.rf; cit., p. 97. .

i
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Nevertheless educators do not foresee the day ‘that computers
will replace teachers in the classrooms. Instead, it is expected that
computers will be used ‘to, assist and/or help manage instruction and
l'eaming Hence, the direct effect of the computer may be less cruc1al'
than the change. it w111 force in thinking patterns. Illogical thinking
is incompatible with computer utilization. Such rigor in thinking ﬁll
inevitably spread beyond the areas of computer applications. According
to Dr. Bruce'Gilchri'st, executive director of the American Federation of
Information Processing Societies: "I expect the 'computer will be almost
a wniversal tool for educated professmnals who handle either numbers or

data, 58

= OBy Computers Are Changing Your Life," op. cit., p. 98,



-  CHAPTER III
TN
SETTING, PROCEDURES, AND DESIQN OF THE STUDY

3

No experime{ltal study in education has every been designed in
which the variables could be absolutely controlled in a inractical setting.
"To "éécomplish‘ such is impossible. A’I'he best that can be done in conducting
an experimental investigation in a public school setting is to come as 7
close as possible to the "ideal" design. Such was the goal of the study

reported in this dissertation.

Description of the Commmity Setting

The commmity of Dearborn, Michigan, was selected as the locale
f;r—:};; experimental study because the, Dearbomn Publi; School System is
- intensely interested in pursuing i_nstn;ction relevant to computer-assisted
problem-solving; and also because the writer has been asked to direct the
school systerﬁ'.s effort in this endeavor,

Dearborn is a city of approximately 115,000 people, almost all
of whom are caucasian. The commumity is a westem suburb of Detroit,
automotive capital of the world. A rather \i'\znique feature of Dea:rborn's
geography is its internal division into eas'g }and w% ends often called
East” Dearborn and I\Best Dearbormn. The dlﬁSlon is'a result of the consoli-
dation of two smaller commmities in 1929: Fordson and Dearborn. Most
of. the land between the, east and west section of the city is owned by
the Ford Motor Companf.r Dearbom has been the central headquarters for
the. company's "world-wide operations smce Henry Ford Sr. moved into the

area and bought massive plots of real estate...more than a half century

ago. After extensive research and planning during recent years, the

e T 3
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company is ﬁewl feeciy to Y'Break :soil" in this area by building residential
apartments s é\et‘iﬁ-th\al center, a shopping complex an industrial park,
and a "high rise" hotel. _

Most of Dearborn's current shopping area is cen:\cered along the
city's main street, Michigan Avenue, whicH fravels east and west. If
cne were to visit Dearborn, it is likely he would drive along this main
thoroughfare which further divides the city into "North of Michigan
Aw}enue" and "South of Michigan Avenue."

Actording to Dearbom's Master Plan, 69.8 percent of the land
in Dearbomn is currently developed; 30. Zkévercent is vacant 1 The city’s
25.2. square miles of land is zoned mto,flve major classifications, as
identified in Table 3.2

Together with the gigantic Rouge Plant of the Ford Motor
Company which occupies 1,200 acres of land,3 most of the city's industry
is* Jocated in East Dearborn. In contrast, West Dearborn is primarily
res:tden’clal havmg resulted from the major building boom after World
War II. Because of-the large labor force needed to operate the Ford Motor
Company and other industry in the city, a majorlty of the people employed

in Dearborn do not live in the city. 4

T
{

The League of Women Voters of Dearborn, Dearborn and Its
Government, a handbook for citizens and students prepared by the
Ieague of Women Voters of Dearbom (Dearborn: The League of Women
Voters- of Dearborn, 1964), p. 22.

Ib1d.

31bid.
1bid.
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: _ TABIE 3
ZONING SECTIONS OF THE CITY OF DEARBORN, MICHIGAN

ZONE i .. -PERCENT OF LAND
Residential.......‘......,...'........ 34.,9%
Commercial ., . . . . . . 4.6%,
IAUSETIAl & v v e e e 2128

Streetsand_Alleysv....'................. 24.2%

Parks and Playgrounds . . . ., . e e e e e e e e e e e 15.1%

TOTAL « v v v e e e e e e e e e . . . 100.0%

-

Overview of the Educational Setting

Consistent with many other school districts throughout the
United Strates‘, the Dearborn School Sy/stem moved through a period of rapid
growth following World War II. At the present time, however, Dearborn's
schooi‘ population appears rather stable. Of course, this status may
change when the large area of vacant real estate owned by the Ford Motor

Company between East Dearborn and West Deaﬂifsom is developed for. resi-

dential. occupancy. ,1;,,) ) .

-

The Dearborn School System is '?}kindergarten through -community
college school district. Approximately 21,500 students are enrolled in
the Kindergarten through twelfth grade (K-12) schools; about 12,000

students- attend the community coll‘ege.5 To meet the instructional needs

S'."'The Schools,™ a pamphlet for efployees and citizens prepared
by the School Relations Office of the Dearbormn Public Schools (Dearborn:
The Dearborn Public Schools, 1969), p. 1. '
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L .
of the studeﬁts, i,l67 teac'hers_are employed in the K-12 program; 187
full-time and Bpﬁgx\irnately 260 part—tiné instructors at the commmity
co‘llege.6 '

The Dearborn Board of Education operates 31 school buildings
in the K-12 program: 25 elementary schools, 9 junior high schools, and
3 senior high schools. Six of the'buildings house both elementary and
juior high students. Since 1965, all K-12 buiidings operate on an
annual promotion basis. ,

The curriculum of the X-12 program of the Dearborn Public
Schools has seven main objectives:7 . ‘

’l._ To develop intellectual and emotional sensitivity to the
moral, ‘spiritual, and aesthetic values of life in a democratic vsiéciety'.

' 2. To promote a-student's wnderstanding and ai;pregiation of

"himself as a human being. |

3...To givé a student an ability to read, write, speak, listen;
and an ability to use numbers, appreciate the arts, and expréss himself
and mdersténd others. N

4. To fos.ter critical and creati\ve thinking for a student in
meeting the ﬁ'roblem of life. yt\g“ ) ‘ v :

5. To give a stgdent skills m/;lr;%jng e?ﬁctively with others.

6. To create in a student an Lzldérstanding as well as an

appreciation of the théical world.

7. To create in a student an understanding- and appreciation

%1pid.

, 7The League of Women Voters of Dearborn, Dearborn Schools, a
handbook for citizens and students prepared by The Ledague of Women
Voters of Dearborn  (Dearbom: The League of Women Voters.of Dearbomm,

1965), p. 31. '
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Beca\u@ Henry Ford Commmity College is a paft of the
Dearborn Public School System', any Dearbomn resident who has graduated
from high schooi is permitted to enroll on a preferential basis. Never-
theless, only about one-third of the student body is made-u;; of residents.®
Non-residents are accepted, but gfade requirements and tuition are higher
for them, .

Most of the part-time students at the commmity cbiiege are
enrolled in the employmenfc—felated technical programs, while most of the
full-time students are working toward a four-year de'g'fee.9 Fullﬁ.time
students usualiy take their first two years of course-work at the com-
mmity college; then transfer to another college to obtain a degree.

Most of these students attend state wniversities in or near the Detroit
metropolitan area. ‘ |

The curriculum of the Henry Ford Commmity College was designed
to meet the educational needs of students Eeyond those already provided
in a kindergarten through twelfth grade prpgramilo

1. To provide the first and éeqpnd years of work in the libevra;

arts and pre-professional fields for those \‘gtudents who wish td féfansq‘fer
};;J . \F
18 54

2. To provide one to two year technical programs of business

to higher educational institutions.

. and "industrial education for those students who expect to terminate their
formal education by preparing for employment at the semi -professional

level.

81bid., pp. 45-46.
1bid., p. 24,
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3. To prov1de a program of two additional years of general

education for \hé/;)}i\al cultural, and personal development of students
' who wish to continue beyond senior high school.

4. To provide single courses or combinations of courses for
adults of the commmity in those fields in which there is suff1c1ent
interest and demand to warrant the organization of classes.

5. To provide counseling and guidance services to all individ-
uals who desire further education and training.

6. To provide educational services to organizations and
individuals of the commmity, including: speakers, resource personnel

or material, organization of special institutes OT programs, reading

lists, and educational counseling and testlng

Selectlon of the School and Teacher

A11 three pub11c high schools in Dearbom are comprehensive
schools, offerlng a broad variety of courses that include both vocational
and academic- subjects., All students, regardless of their progra:h, take
the same required subjects to be graduated. Differences betwee;n college
preparatory and occupational programs are a result of electlve courses

a

chosen by students. ( J \%

Dearborn's three public high schools 1nc11£de one with a wnique
t;mTicular approach; a second with a heavy enrollment of college prepar-
atory students; and a third with a balanced, diversifiejd studént body.
It-is-the latter school that was selected for the study: Fordson High

Schéol. Table 4 identifies Fordsor;'s\f—inrollmant at the time of the study.
| Although the socio-economic status of families in the Fordson

High School attendance area is quite diversified, the area as-a-whole

is generally regarded as "lower-middle," with a strong inclination toward
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employment in manufacturlng 1 _ Examination of the cumulative records

of students th,,pa’i't\lc1pated in the study indicated that members of the
experimental group and control group appeared quite typical when compared

to the total enrollment of the school.

TABLE 4
FORDSON HIGH SCHOOL ENROLLMENT, 1/30/70 - i
Grade _ ‘ Nunber of Students
10 . o T Ja]
11 .. e e e e e e e e 651
12 ... ..., e e e e e O 11
Total . . . e e e e e e T 2,081

Located in East De‘iarl;om, the selection of Dearborn's oldest
public high school was based primarily on the diversified student body
and the expérience and competency of one of the school s mathematics
teachers, George Gullen. Besides being one of Dearborn's finest teachers,
Gullen's mathematics ¢ experlence includes comsz.derable background in
conputer-a551sted problem-solving. Hawng’} guch qu%ﬁiflcatlons made him

a natural choice to part1c1pate in the study

Selectlon of the Subject-Matter and Student Participants

After careful review, algebra-trlgonometry was selected-as the
stbject-matter for the experimental study. The selection.of algebra-

trigonometry was based upon the volume of rélevant course materials

The Lleaguc of Women Voters of Dearbom Dearborn and Its
Government, op. cit., pp. 26- 27, e
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involving con;putef—as)sisted‘ problem-solving that has been developed by
Gullen and othm spite of this, it was necessary to develop addi-
tional materials before and during the study.

Because all students are not required to take algebra-trigonom-
etry in the Dearbomn School System, many potential participants in the-
study were eliminated fnom.conéidefation ﬁmu‘gh the normal process of
selecting elective courses. Algebra-trigonometry is usuaily offered to |
‘students in the Dearborn School Sys;cem during the second semester of
grade 11. Of the 651 eleventh grade students ét Fordson High Sc.ﬁool
during the 1970 spring semester, 122 elected algebra‘-tzjigonometry. Based
upon previous achievement in mathematics, 102 of the 122 students were
classified as "middle ability" level; the other 20 students were class-
ified as "accelerated" or "high ability" level. Because there were not
enough "accelerated" algebra-trigonometry students to establish both a
control group -and experimental group--and because there is greater inter-
est in the effect of computer-assisted problem-solving on "middle-ability"
students--it was decided to conduct the study with the latter group.
Hence, through computer scheduling, all 102, of the "mddle ab111ty"
students were randomly scheduled into four gi"oups two of which kvere to
be. assigned to Gullen; the other two groug:.%;o'anot}?é"r teacher. To assure
careful grquping, the records of al, 102 é'tﬁdents-\vere feviewed. Special
attention was given to each student's past achievement in mathematics,
intelligence quotient, and social factors that might bias the study.
After careful screening, participants: in only two of the four groups
were considered matched for a control group-experimental group study.
These two groups were assigned to Gullen. Sti;depts in the other two

groups were not randomly assigned. ,

PR



64
i

'+ Course Objectives and Course Content

6 senior high school matheratics curriculum in the Dearborn
School System is a well organized, innovative curriculum that is the
result of the exhaustive work of many teachers and administrators over
a long period of time. Changes in curriculum are continually being made

to incorporate the most up-to-date programs, methods, and techniques--

‘when it is felt that such changes help to better meet the needs of local

students. Currently, many educators in Dearborn as well as'elséwhere
believe that a well¥déveldped, modern curriculum should not necessarily
be changed to permit the use of a computer as a teaching and/or learning
tool. They argue that it is better if the computer is used to help
attain those objectives already deemed relevant and/or necessary to meet
student needs. Hence, in this study, the computer was used to help
attain the current algebra-triogonometry cbjectives. Moreover, evaluation
of ‘the computer's effectiveness was based upon student achievement
relative to those oBjectives; that is:

1. To understand algebra as a study of the structure of the
systems of regal and complex numbers. ! |

2. To recognize the technidﬁes of algebfa~and t;gg;nometry
as‘ reflections of the structure of %é;,systeﬁ%ﬁof real and complex num-
bets. o

3. To acquife facility in applying algebraic and trigonométric
concepts and skills,

4. To perceive the role of deductive and inductive reasoning
in algebra and trigonometry. -

5. To appreciate the need for precision of language.

6. To comprehend the function concept and its importance in
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mathematics.

To hmin the stated objectives, the algebra-trigonometry
course consists of five major teaching units. Unit One is a brief review
of the previous semester's work in algebra, with special emphasis on irra- .
tional numbers. This reﬁew leads to an introduction of radicals in
equations. Unit Two continues to énlphasize algebraic subject-matter;
then a gradual shift in emphasis is made to trigonometry in Units Three,
Four, arid Five. The following outline identifies the cbnfent of the

course in more detail:

Course Outline

Algebra-Trigonometry

Uhit One: Algebraic Review Material and Radicals in Equations |
-- Review
-- Usiﬁg Radicals to Solve Quadratic Equations
-- Relations between Roots and Coefficients of a
- Quadratic AEquation
-- The Nature of the Roots of a Quadratic Equation
-- Solving Quadratic Inequ;?gi\ities
-- Irrational Equations L J ] \
Unit Two: Exponential chtig:iil%"and loggrithnB‘
-- From Exponents to Logarithms
Rational Numbers as Exponents
keal Numbet.rs‘as Exponents
Exponential and Logarithmic Functions
-- Using Logarithms .
Cormon Ldgaritfﬁns

Interpdlation — - -
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Products. and Quotients

RN Powers and Roots

Combined Operations
Using Logarithms to Solve Equations -~
Unit Three: Trigonometric Functions and Complex Numbefs
-- Coordinates and Trigonomgtry
Rays, Angles, and Points
Sine and Cosine Functions
The Trigorometric Functions
Special Angles
-- Evaluating and Applying Trigonometric Functions
Using Tables
Logarithms of the Value of Trigonometric Functions
Reference Angles
-- Vectors
Adding Vectors
" Resolving Vectors
-- Working with Complex Numbers
 Complex Numbers i%. , 7 _ P
Multiplying Pure %ﬁ%ﬁinaryﬂyﬁmbers
Complex Numbers and Quadratic Equations
Uhit Four: Tfigonometric Identities and Formulas
-- Identities Involving One Angle
The Fundaméntal Identities
Proving identities )
-- Identities Invplving:Two Angles

The Cosine of the Difference of Two Angles
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» Fuaictions of Sums and Difference of Angles
; \’v/-\ Double- and Half-Angle Identities
Sum and Product Identities
-- Triangle Applications
The Law of Cosines
The Law of Sines
Solving Triangies
Areas of Trianglés
Unit Five: The Circular Functions and Their Inverses
-~ Variation and Graphs ' -~
Measuring Arcs and Angles
The Circular Fuﬁctions
Graphs of Cosine and Sine Functions
Graphs of Other Circular Functions
. -- Inverse Functions and Graphé
Inverse Values

The Inverse Circular Functions

Design of the Stﬁdy

The primary intent of the study ri};gorted in this dissertation
was to detemme 1f "middle ability" stud’;%ﬁ's who Jbe a computer to leam-
algebra-trigonometry will attain a higher level of achievement in the
subject-matter than other students of the sane ability level who do not
use the computer to learn algebra-trigonometry. Table 5 identifies the
number of pupils, male and female ,: in both of the groups fvhich participated.

Except for instructicn and assignments in the experimental

group relevant to the computer language:called BASIC and the three ter-

-
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minal devices used to conmmnlcate with the computer, the course objec-
tives, method&,,té‘é'hqques, and instructional materials were the same for
- both groups. Thus, the teacher and experimental group used the computer
as an instructional tool in the algebra-trigonometry course; the.teacher

and control group did not.

" TABIE 5
NUMBER OF STUDENT PARTICIPANTS IN THE STUDY BY GENLER

Gender Control Group Experimental Group Totals
Male 14 14 - 28
Female 11 12 23
Total 25 26 51

Since the computer was to be used in the study as an instruc-
tional tool rather than as an object of instruction, the teacher used
the terminals whenever he felt that they would be beneficial in achieving
course objectives. However, students in tbe experimental gro;rp were free
and encouraged to use the terminals not only when direct gssignﬁénts were
made concerning the use of the computer,vl'};} also —\LPi’en other applicable
problems were a551gned Hence, utlllzatlon of the computer as a teachmg
and/or learmning tool in this study was entlrely at the discretion of the
teacher and/or students in the experimental group.

When computer terminals -‘weﬁ firsf installed in the Dearbomn
Public Schools in September, 1969, seVeral people were concerned that
there was not enoﬁgh time during the se_mestefr to teach the required

material and still utilize the computer as a teaching and learning tool.
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Thus, z; stud}; wés "cqnducted to ,answér ‘the 'p‘oint in doubt--and to idehfify
related benefit\sfﬁ’(ﬁxroblems concerning the use of é computer terminal
in an instructional e;nvironment. The results olf the study, as well as
one conducted earlier in the Altoona (Pennsylvania) Area Public Schools),
show that students who use a" computer to learn ma?:hematics need less time
to practice "drill problems' than o'th.e?students learning mathematics

by the "traditional" methods.

Table 6 identifies the number of days spent by both the control ‘
group and the experimental group with each of the five instructional
units in the algebra—trigondmetry course. It should be- noted that most
of ‘the time necessary to teac‘h the main statements of the BASIC language
was spend during the first unit: Algebraic Review Material and Radicals
in Equations. Thereafter, 'the experimental group generally needed fewer
days- than the control group in each instructional unit.

To -identify the amount of time that the teacher and each student
used the computer, all on-line work was monitored. Each time that the
user wor.ked 6n-line, ‘the perSon i&en’cified himself with the first three
letters of his last name. The computer was\ programmed to log: (1) the
user's identification letters; (2) the date.\{(:/hén the person uSed the com-

puter; (3) the amount of teminai-connect';, ;21’1?16 whi‘«:fnthe person used, in
b
\:" &

minutes; (4) the amount of computer time which the person used, in sec-
conds; and (5) the numbér of units s‘cored_ by the user, if any. A sam-
plé.of the log may be found in Appendix B.

Although the class periods at Fordson High School are all 55
minutes in length, it was not possible-to fix the period of the Eiay that
both groﬁps in the study were to meet. The control group met during the

school's first lunch period each day; the experimental group met immediately
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after lunch each day. Sincé most empirical evidence relative to students
meeting before Wr lunch is still inconclusive, it is assumed that

this variable is not relevant in the study.

TABLE 6
SEQUENCE AND DURATICN OF INSTRUCTIONAL UNITS

Unit Control Group Experimental Group
: Number of Days Number of Days

One:  ,Review; Radicals in Equations 16 o 22
Two: Exponential Functions and

Logarithms 17 16
Three: Trigonometric Functions ‘

and Complex Numbers 24 - 22
Four: Trigonometric Identities

and Formulas 17 17
Five: The Circular Functions

and Their-Inverses 16 13
Total - - = ° : 90 90

To minimize curiosity and forms o'f contamination betWeen students

Y

in the two groups, all participants.were tgld that they were a part of
a.study to help improve the algebra- trlgonametry cuZZculum for future

students.

Instructional Materials, Methods, and Techniques

Attainment of the course-objectives in algebrd~trigonometry in
the Dearborn Public Schools requires a~diversity of instructional materials.

Néverfheless, the content of the course follaws very closely that which

is found in the middle portion of the book, Modern Algebra and Trigenometry,
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Structure and Method Book Two 12

Typ;;ai:‘@{ many mathematlcs classrooms today, the teacher in
the study relied heavily upon the chalkboard, wall-graphs, slide-rule,
three-dimensional models, and especially the overhead projector--both
in the control group and in the experimental group. Numerous trans-
parencies relevant to each of the five instructional units were prepar'ed»
and utilized. In addition, three computer terminals were used 1n the
expei*imental group, two of which were on-line.

Because the instructional materials which are available to
implement the computer as a medium of teaching and leamlng were developed
to meet objectives other than those of the Dearborn Public Schools, it
was necessary to revise those materials and develop others to meet the
objectives of the algebra-trigonometry curricul‘um. Several recent publi-
c‘atiens as well as other related materials were helpful:

1. A Guide to BASIC Programming: A Time-Sharing Language13

2. Computer Assisted Mathematics Program, Intermediate Mathe-

nlaties .'14

3. Computer Oriented Mathematics, An Introduction for Teachers15

1

Lpary p. Tolciani, Simon L. B&man, and William Wooton,
Nbdem Algebra and Trlgonornetry, Structuré and Method, Book Two (Boston,
Mhesachusetts Houghton Mifflin Compa:}y, 1965) .{”

1?’Donald D. Spencer, A Guide to BASIC Programmmg A Time-
Sharlno Language (Reading, Massachusetts: Adison-Welsey Publishing
Oompany, 1970) . '

4Dale E. LaFrenz, Computer Assisted Mathematics Program,
Intermediate Mathematics (Atlanta Georgia: Scott, Foresman and
Company, 1969) -

Computer-oriented Mathematics Committee, Computer-Oriented
Mathematics, An Introduction for Teachers (Washington, D. C.: National
Council of Teachers of Mathematics, Inc., 1963) .
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%} 4. . "Compq"texf 15'§rograms for Junior and Senior Mathematics
16 . , N ‘.
Courses"
‘\)f’—'\\

5. GCMP Computers in the Schools, A Basic Primer Teacher

Guidel’

18

6. Problem-Solving with the Computer
The revised and newly developed materials were used in the
experimental group for one or more of the following reasons:
1. To teach the BASIC language.
2. To demonstrate the use of the computer terminal.
" °3.° To illustrate the computer's problem-sol\;ing capability.
4. .To assign problems.
5. To introduce students to strategies and procedures they
might use to "teach" the computer. o
| Although large-group instruction dominated most of the classroom
activity, Eonsiderable time was spend by the teacher working individually
with s’cudents-; accordingly, the discovery method of instruction was most
often stressed.
Except for instruction in the experimental group relevant to
the computer terminals and the BASIC language considerable effort was
devoted to keep the instructional strategz,ejj a11lfe \33 both part1c1pat1ng

groups.. Since the use of the computer wm?h the exgerlmental group repre-

16"Compu‘cer Programs for Junior and Senior Mathematics Courses,"
wunpublished computer workshop materials, University of Detroit, 1969.

7Greater Cleveland Mathematics Program Staff, GOMP Computer
in the Schools (Cleveland, Ohio: -Educational Research Cmmc11 of.
America, 1969).

-

18Erw1n R. Sage, Problem-Solving w1th the Computer (Newburyport,
Massachusetts: ENTELEK Inc., 1969).
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sented a méhipulgtioﬂ dilfﬁth_.e instructional \}ariable, tile intent was to
make it the paramour{tf variable between the two groups. Accordingly,(
five days were de;roted' early in the semester introducing the use of the
computer terminals and teaching the main statements of the BASIC language
to the experimental group. As the study continued, additional time was
spent teaching or demonstrating.spgcific features of the language, f)re-
sentﬁlg assighments, or allowing students the bpporttmity to use the
terminals. Most utilization of the compufer, however, was beyond the
normal instructional period of 55 minutes-—usuall); before school, during
a luhch‘period or study period, or after the regular school day. Because
the students who used the computer to learn mathematics needed time to
learn the BASIC language and use the computer, but less time to practice
drill problems, both groups completed all the required subject-matter
necessary to attain the stated course objectives.

Generally, students in the experimental group used the computer
in three ways: (1) as a computational tcol; (2) as a "teaching" and
learning tool; and (3) experimentally.

As a compufational tool, students sometimes_used the computer
to do work which would have required a week or more of manual computation.
For example, when discussing limits and coﬁ%e‘rgence, students i;fthe
experimental group were able to uSe the ﬁé}r;uter %Qtest a large number
of examples and compare the results with fﬁe theory théy learned in
class. . '

More often, students in the experimental group were assigned
problems, the correct programing:of which helped to demonstrate their

understanding of a concept introduced by the teacher. Fulfillment of

such assignments required that each student develop a problem-solving
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strategy before }vrijfi,n_g).l a computer program. In a sense, the student was
put in the position of : "teaching' the computer. Hence, the student had
to understand the pruc>biem; analyze it for basic mathematical 'concepts;
then develop a legical sequence or algorithm for submission to the com-
puter. Contrary to classroom teachers, however, the student was not per-
mitted to do a poor,job of "teaching." If any logic or arithmetic errors
were made, they were readily noted iﬂ the form of a diagnostic rmessage
when the program was submitted to the computer.

Students in the experimental group worked directly with three
teletypewriter terminals, two of which were connected through private
telephone lines to a large-scale, digital computer located approximately
15 miles away. The students typed numerals, letters, and symbols found
on the keyboard to do computational work, solve mathematical‘ problems,
and otherwise "'teach' the computer that which they leamed in class.

When using the computer as a medium of instruction, students in the exper-
imental ‘gi"%oup used the following procedure:

1 " The problem-solving progréﬁ was written in "long-hand'
on notebook paper. '

2. . The program was punched into paper tape via one of the

" three computer terminals. ‘ s\ ' : | ; i

‘3. The paper tape was submitted»@%ﬁ;xlihe tl)??he computer through
fh’e tape reader. Hence, a printout of the pfogram and a copy of its-
problem-solving application was received via the terminal typewriter.

4. When an error or diagnostic message was received via the
terminal, the program was analyzed and' debugged on-line,- if possible;
.otherwise the program was debugged at the student's leisure and resub-

mitted to the computer afterward.
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uExcegt fbr ";:Lﬁétructional dem_ons_trétions, most student programs
were pmdled{nmer i:ape m the mathematics workroom or the hallway
adjacent to the classroom. Use of the terminals in the classroom was |
too noisy and disruptive for other students not using tiie terminals.
Accordingly, each ‘s_tudent was allowed to leave the classroom occasionally
to punch his program into paper tape. After punching the program, he
returned to the classroom so that another stu&ent could take his place
at one of the three terminals. Whenu all students had punched their pro-
grams, the same procedure was used to allow students the opportunity to‘
submit their programs on-line to the computer--and/or aebug them--which
was- most often the case. When working on-line, students were allowed
to respond immediately to the diagnostic messages in attempting to debug
their strategies; although some students chose occasionally not to do
so. On those days when this procedure was being used, the teacher often
utilizeci the opportunity to work individually with the students remaining
in the cg;,aééroom. Since the entire process would have ta.keﬁ the exper-
imental group several days to complete, students were encouraged to use
the terminals at times other than during the regular meeting period.

Thus, it was not necessary to use ''too mﬁg:h" regular classroom time.
L b
Evaluative Instruments Us{gif in thé&rStudy
7 r
Evaluative instruments were administered to both the control

group and the experimental group at the beginning and the end of the
semester, as well as intermittently. They were of two general types:
(1) test instruments that measured. the achievement of a student; and

(2) instruments that identified student opinions. .

-

Test Instruments. . Since the corputer was used in the study

as an instructional tool to help attain current course objectives, none
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of the test instruments-which were used contained any reference to com-
puters, compuffﬁ/gigsfamming, or other related areas of computer know-
ledge. The priﬁ;ry rationale for selection of the test insfruments, as
well as the time to administer them, was identification and measurement
of student achievement. Each test instrument was selected or designed
for one of the following reasons:

1. To assess the capabilities of each student before the ex-
perimental treatment began (pre-treatment tests).

2. To measure the proficiency of each student relative to a
specific instructional unit (post-unit tests).

3. To assess the level of achievement attained by each student
after completion of the semester's coursework (post-treatment tests).

Table 7 identifies the manner in which the test instruments
were used, the name of the instrument, the area tested, the instrument's
reliability coefficient, aﬁd lastly, the instrument's standard erfor.

Pre-treatment tests were administered to all students partici-
pating in the study to assess their capabilities before treatment began.
Results of these tests were statistically analyzed to determine if the
two groups were significantly different. ! Slnce the achlevement scores
showed that the groups did not differ 51g2§f1cantly at that p01nt in
time, it seemed reasonable to assume thaifwhéteveé 51gn1f1cant differences
in mathematics might occur between the groups afterward would be a result
of the different instructional treatments. If the pre-treatment test
results: of the two groups had differed significantly, it would have
been necessary to postpone the iﬁvéstigation; or apply éppropriate
statistical analysis, if possible. &hus postponement of the study

depended upon the number of differences and their level of significance.
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Lo B TABLE 7
RYALUATLVE TEST INSTRUMENTS USED IN THE STUDY

.

Use Instrument Form Area Tested - Reliability VStd.
Coefficient Error

Pre-treatment

Otis-Gamma Quick Scoring Bm Intelligence .91 3.0

Mental Ability Test

Nelson-Denny Reading: Test A Vocabulary .93 3.28

Comprehension .81 5.48

Survey of Trigonometric A Concepts .79 4.24
Concepts .

Cooperative Mathematics A Skills .84 3.79
Test, Algebra II

Cooperative Mathematics A Problem-solving .80 4.50
Test, Trigonometry

Post-unit

Review; and Radicals in - Achievement - -
Equations

Exponential Functions and - Achievement - -
logarithms

Trigonometric Functions - Achievement - -
and Complex Numbers

Trigonometric Identities - Achievement - -
and Formulas !

Circular Functions and - Achievement - -
Their Inverses ‘ Y - ‘

ot
Post-treatment -;f: 1 7”

Survey of Trigonometric B Concepts .83 .3.91
Concepts .

Cooperative Mathematics B Skills .89 3.54
Test, Adgebra II. :

Cooperative Mathematics B Problem-solving - .83 4.06
Test, Trigonometry ' .

Test of Logic and Reasoning - - Logic and Reasoning .81 4,01
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To measure the intelligence quotient of each student partici-

pating in the\stﬁ’ajf;,\_ the ‘Otis-Gamma Quick Scoring Mental Ability Test,
Form Bm, was administered. The manual of directions to administer the
Gamma Test states that ''the instrument's main purpose is to measure
mental ability, thinking power, or the degree of maturity of the mi'nd."lg'
However, users of the test are cauticned that it is possible only to
measure the effect mental ability has had in enabling the pupil to acquire
certain knowledge and mental skill. To cbtain a measure of a pupil's
brightness comparable to an intelligeﬁce quotient obtained on the Binet
Scale, the student's score for the Gamma Test is compalled with the norm
for his age. Accordingly, a measure found in this manner "is not a 7
quotient, but it is called an 'IQ' because it has the same significance

as an IQ."20

Nevertheless, "Gamma IQ's" tend to be somewhat less variable
than ordinary IQ's; that ‘is, they tend to be semewhat nearer to 100. To
compute the reliability coefficient of the Otis-Gamma Test, the coef-
ficient of correlation between odd and even items was used. To correct
the céefficieﬁt.s of correlation between the half tests, the Spearman- | _
Brown formula was applied to obtain the corresponding coefficient for the
two full-length tests given under the sa‘}hs circumstances. Acccordingly,
Form Bm with 80 objective test 1tems qulﬁed a T%lablllty coefficient

of .91 at the eleventh grade level; wﬁh a standard error of 3.0 points.
When tested for Validity, a median value of +.61 was attained, indicating

that the items have real validity in a mental ability test.21

19Arthur S. Otis, Manual of Directions for Gamma Test (New

York: Harcourl., Brace and World, Inc., 1954) p. 1.

21pid., p. s.

21Ib1d
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To assure the 1nvest1gator that no part1c1pat1ng student had a
~serious vocabu‘lsaazf’a'td/or comprehension deficiency, the Nelson-Denny
Reading'Test, Form A, was administered to both groups prior to treatment.
Although none of the subject-matter in the algebra-trigonometry curriculum
requires extensive reading, a serious vocabulary or comprehension deficienc.y
could be & handicap to any student participating in the study. Because
the volume of reading demanded of students in the algebra-trigonometry
curriculum in the Dearborn Public Schools is negligible, réading rate
was not considered relevant. Using the equivalent-forms method to com-
pute the test's reliability coefficient, the vocabulary portion of the
instrument with 100 objective test items showed a coefficient of .93
at the eleventh grade level; while the comprehension section with 36
objective test items yielded a coefficient of .81. The standard error
of both tests is recorded as 3.28 points and 5.48 points respectively.

When evaluated for validity, the vocabulary portion showed a mean index
of 47.5; the comprehension section a mean index of 44.6.22
. Méasui'emen’c of each stLident's understanding of mathematical
concepts necessitated the design and administration of a teacher-
constructed instrument, Survey of Trigonometric Concepts. Development
of this test became mandatory when it wasﬁde}temin?d that no standardized
instrument adequately tested mathematlcal?czncepts in accordance with the
objectives of the algebra-trigonometry curriculum. A copy of Form A and
Form B of the instrument, each with 35 objective test items, is included

in Appendix C. Form A was used as a pre-treatment test; Form B as a

post-treatment test. The reliability. coefficient of both forms was

22James I. Brown, Examiner's Manual: . The Nelson- Denny Reading
Test (Boston: Houghton Mirflin Company, 1960), pp. 26-27. -
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established by using the alternate or parallel forms method. Accordingly,
the correlatisnjbefNQFn Form A‘and Form B was taken as a measure of the
self-correlation of the test. Under these conditions, the reliébility
coefficient became an index of the equivalence of the two forms of the
test., To utilize this method, Form A and Form B of the instrument were
adﬁinistered alternately to 106 students at the eleventh grade level
who did not participate in the study. An interval of three weeks was
allowed between adminstrations of the two forms. Results of thé method
yielded a reliability coefficient of .79 for Form A and .83 for Form B;
with a standard error of 4.24 points and 4.01 points réspectively.

The instrument used to measure mathematical skills is one of
a battery of standardized tests that is widely known énd accepted, thé
Cooperative Mathematics Test, Algebra II. Form A was administered as
a pre-treatment test in the study; Form B as a post-treatment test.
Both forms contain 40 objective items. According to the Cooperative

Mathematics Handbook, the reliabilities reported for the forms are

neasurés of infernal consistency, computed by using the Kuder-Richardson
Formula 20. Form A rendered a reliability coefficient for grades 10-12
of .84; and a standard error of 3.79. Form B yielded a reliability coef-

A _
ficient of .89; with a standard error oﬁgé}54.23§‘yhen describing the

| S

o ¥,
validity of the test, the handbook statks:

"The Cooperative Mathematics Tests are measures of
developed abilities, and thus their content validity is
of primary importance. Content validity is best insured
by entrusting test construction to persons well-qualified
to judge the relationship of test content to teaching
objectives. . . It is ‘recommended that each test user

23Cooperative Test Division, Cégperative Mathematics Tests
Handbook (Princeton, New Jersey: Educational Testing Service, 1964),
pp. 02-63. ‘
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make an 1ﬁd1v1dua1 judgment of content validity with

mspect to ‘his own course content and educational

aims?

To asse_ss. each student's problem-solving ability, the Cooper-
ative Mathematics Test, Trigonometry, wa:; administered to both groups.
Form A was used to measure pre-treatment achievement; Form B to measure -
post-treatment achievement. Both forms contain 40 objective items. Like
the Cooperative Mathematics Tést, Algebra II, the reliability coefficient
for the trigonomentry instrument is a measure of intemal consistency,

calculated by using the Kuder-Richardson Formula 20. The Cooperative

Mathematics Handbook shows a reliability coefficient for grades 10-12 of

.80 for Form A; .83 for Form B. The standard error of the two forms is
4.50 and 4.06 respectively. Like the Cooperative Mathematics Test,
Algebra II, the same vaguie statement describing validity is applied.25

' To measure student achievement relative to each of the five
instructional mlts/ajr; the course, a teacher-constructed test was admin-
istered at the conclusion of each unit. The tests were designed‘in
accordance-wit}.l the objectives of the algebra-trigonometry curriculum;
and all were reviewed and approved by four mathematics teachers as being
pertinent and thorough in the coverage of‘ the partlcular m>truct10na1
unit which was being tested. All items on.)the tea,os requlred the appli-
cation of one or more mathematical conc:aptg, mathematical skills, and/or
the development of mathematical problem—splﬁng strategies. A copy of

each post-unit test can be found in Appendix C.

All students participating in the study were also administered

24ypid. , p. 62. "

251bid. , pp. 62-63.
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a teacher-made po‘s‘t—'treatmerilt instrument to test logic and reasoning.
ability. This m designed to focus attention in an area not
emphasized by the other. tfxree post-treatment tests. Nevertheless, like
the other test instruments, it contained no refevence to computers, com-
puter languages, computer programming, or other related areas of computer
knowledge. The instrument was developed and administered to provide
insight concerning one of the pcossible "by—products"' of using a computer
as an instructional tool. A copy of the test can be found in Appendix C.
To determine the instrument's reliability, the often-used test-retest
method was applied. Accordingly, repetition in adminisfering a test deter-
mines the agreement between two sets of scores. Hence, the test was
administered and re-administered to the same group of students; and the
correlation computed between the first and second set of scores. Given
a time interval of two months between the first and second administration
of the test to offset--in part'at least--memory, practice, and other
carry-over effe;:ts, the retest coefficient is said to result in a close
eétimate of the stability of the ;cest scores. Accordingly, utilization
of the test-retest method resulted in a re‘liability coefficient of .81;

with a standard error of 4.01. \ '

Opinion Instruments. In addit}gv‘to thé{«t,est iilstruments,
opinion instruments were designed and a&;'ﬁr{istered during the study to
identify: '

1. Student opinion relative to using a computer as an instruc-
tional tool (Instrument A).

2. Student opinion relative to not using a computer as an

instructional tool (Instrument B).
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Table "8.‘_-5.denti_fies the opinion instruments used in the study,
the approximétefﬁ@élg they were filled out, and the subject(s) to whom

they were administered. A copy of the instruments can be found in

Appenéix D.
TABLE 8
OPINICN INSTRUMENTS USED IN THE STUDY
Week

Instrument Administered Subject(s)
Student Opinion Inventory A 5 Experimental Group
Student Opinion Inventory A 19 Experimental Group
Student Opinion Inventory B 19 Control Group

Instrument A was developed to identify the cpinion of students
in the experimental group relevant to using the computer as an instruc-
tional tool during the study. _The instrument was administered shortly
after the students began using the computer; and again after a semester's
experience with it. Participants were \asked to réspond to siﬁc state-

ments:

[N

s
\

™

1. I like mathematics. & S
£ 5 f

2. I like using a computer to learn mathematics.

5

3. Using a computer helps me.to understand mathematics.

4. Using a computer has increased my interest in mathematics.

5. Using a computerhas”improved the opportunity for me to be
creative in mathematics. - 4 .

6. In addition to mathematics, I would like the opportunity

to use a computer to learn subject-matter in other courses (for example,
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science or social studles)

Each s{,’tmerrt\mcluded three possible responses: agree,
don't know, disagree. Students were asked to circle the response which,
at the time, best described their opinion.

Administered only once during the semester, Instrument B was
designed to identify the opinion of students in the control group relative
;to not using a computer during the sfudy. Accordingly, the results were
studied to determine if these students resented not using a ‘computér as
an instructional tool to learn mathematics. Participants were asked to
respond to six statements:

1. 1 1like mathematics.

2. I would have liked to have had the opportunity to use a
computer to learn mathematics this semester.’ ‘

3. Using a computer would have helped me to better understand
mathematics.

4. Students who used a computer to leam mathematics this
semester had an advantage over me.’

5.. If 1 take an additional mathematics course I would like to
use 1‘:he computer in the course to leam mat]"\ematics o

L

6. I would like the opportunlty tgl use a computer to leam
subject-matter in courses other than mathér%atlcs (fcgr example, suence
or social studies).

Like Instrument A, each statement of Instrument B included
three possible responses: agree, don't know, and disagree. Eacﬁ student

was asked to circle the response which best described his opinion.
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TN
PRESENTATION AND ANALYSIS OF DATA

" When reporting statistical data relevant to an important study,
extreme care must be téken to insure accuracy in scoring, recording, cal-
culating, and analyzing. Each of these phases affords numerous opportuni-
ties to error. To help avoid such mistakes in this study, evaluative
scores on tést instruments were checked several times; and a computer
was useci to perform all calculations through a minimum of two separate

computer programs.

Pre-treatment Testing

Before introducing the computer as an instructional tool to
the experimental group, all students who participated in the study were
administered pre-treatment tests to measure intelligéncé quotient, reading
vocabulary, re>ading comprehension, understanding of mathematical concepts,
level of mathematical skills, and mathematical problem-solving. ability.
Although the experimental group and control group were selected because
they were considered to be '"alike," pre- tre‘atment tests were admmlste]ed
to reafirm the competency level of the studecg,ts in Pith groups; and to
use the results as statistical data to anaiy"e pre- éreatment/pust-
treatment test scores. .

To test the difference between thé experimental group and con-
trol group, a two-tailed t-test of 51gnlf1cance was applled to the res-
pective mean scores of the groups. Ut;llzatlon of a t-test in such
instances assumes an equality of Vafiance bemeen the two random samples

of the population. Hence, before applyin_g a t<test of significance, it

85
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was necessax"yf to‘tes,t the .e-xperimental group and control group for homo-
geneity of varﬁn’fg\lmen samples are small and uncorrelated, an F-test
‘can bé used to determine equality of variance by dividing the larger
variance- of the two groups by the smaller variance, then evaluating
the resulting F ratio in terms of appropriate degrees of freedom (df).
The number of degrees of freedom is the nunber of free variables in the
problem or in the dlstrlbutlon of the random varlables comnected with it.
For each restriction imposed upon the original observation, such as in
the es-timation of a population value from the sample, the number of ¢
degreés of freedom is reduced by one. o |

In those instances where homogeneity of variance did not exist
between the experimental group and control group, application of a t-test
of significance was performed by the method developed by Cochran and Cox.l
The sampling distribution for the Cochran-Cox method does not assume nor
necessitate homogeneity of variance between two samples of a population.
Instead, th_e variance of each mean is calculated separately; then a cri-
terion t is obtained by computing a weighted mean of the two t-values
for the two ;:mples the weights being the two variances of the respec-
tive means, The observed value of t is thqn compared with the weighted
value of t to judge 51gnlf1cance If thé d{;serve\%‘value of t is 1less
than thé criterion t, the null hypothes;'é ;f unequal Teans is accepted;
however, if the obsea_rv.ed value of t is greater than the criterion t, the
null hypothesis of wequal means is rejected.

As indicated by the writer prior to initiating the investiga-

tion, the five percent level of confidence was used to determine signi-

Ly, 6. Cochran and G. M. Cox, Exper-i-;wntal Designs (2nd ed;
New York: Wiley, 1957), p. 101. .
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ficant diffefence’ 1n this study Hence the two samples are considered
truly dlfferenwéﬁté’ﬂ‘e\\rer the calculated F ratio or value of t shows that
the obtained difference between the experimental group and control group
would be expected to occur not more than five times in 100 by chance if’
the two samples were in fact alike. However, if the statistical analysis
indicates that the difference between the two samples might have appeared
by chance more than five times out of 100', the null hypothesis is accepted.

Intelligence Quotient. Innate intelligence can be an. impor-

tant factor in determining a student's academic success. To measure
the intelligence quotient of each student who participated in the study,
the Otis-Gamma Quick-Scoring Mental Ability Test was administered to
both groups. As indicated in Table 9, the mean of both groups was con-
siderably higher than that attributed to a so-called "average student"
who is generally considered to have an intelligence quotient of 100.
The mean of the experimental group was 117.15; the mean of the control
group was 118.12. Hence, the difference between the means of the two
groups was .97. With a variance of 60.7 for the experimtnal group com-
pared to 52.36 for the control group, the value of the F ratio was cal-
culated as 1.16. Since the expected value \of the F ratio between the
two groups at the five percent level of co;gﬁdence\_ﬁs 1. 97 no signi-
ficant -difference existed in the varlanc\és of the experimental group
and control group when_ testec‘{ for intelligence quotient.

Because the variances of the two groups were not signi‘ficantly
different: a t-test was applied to measure the difference between the
means of the experimental group and control group. The expected value

of t between the two groups at the five pe.rcent; level of confidence is

2.01; thus the calculated t of .46 indicated that no significant
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difference existed between the means of the experimental group and
control group wheh tested for intelligence quotient; and the null

hypothesis of no significant difference was. accepted.

TABLE 9
ANALYSIS OF GROUP RESULTS FOR PRE-TREATMENT TEST OF INTELLIGENCE QUOTIENT

Group N Mean Variance

Experimental 26 117.15 60.7

Control 25 118.12 52.36
Calculated F = 1.16 " Calculated t = .46
Expected F oo = 1.97 © Expected t . = ' 2.01
Difference: Insignificant Difference: Insignificant

Hypothesis: Accepted Null Hypothesis: Accepted

Reading Vocabulary and Reading Comprehension. Although the

algebra-trigonometry curriculum in the Dearborn Public Schools does not
necessitate that students read a great deal, it 'is possible that a
serious vocabulary and/or comprehension dé\“f\iciency .could~ hindeif'a
studenjc's achievement in the course. - ’I‘g‘é’igeﬁtif)—’\ﬁ?articipants with a
severe handicap in these two areas, the Nlelson-Denny Reading Test, Form A,
was administered.

When participants were tested for reading vocabulary, the re-
sults showed a mean difference between the two groups of 3.88 in fa?or
of the control group, as shown in Table 10. With a variance of 48.52

for the experimental group and 101.56 for ihe ‘control group, the cal-

4

culated value of the F ratio of 2.09 indicated a significant difference

- %
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in the varlances of fhe two groups at the five percent level of confi--
dence. Hence ,\Hmran Cox method was used to measure the difference
between the sample means. Accordingly, the value of the criterion t
was compu"ced as .32 while the value of the observed t was calculated as
1.59. Since the criterion t was less than the observed t, the null
hypothesis of no significant difference between the two groups was re-
jected in favor of the expefimental group. However, individual test
scores showed that no student in either group had a serious vocabulary
deficiency--which was the main purpose in administering the test. The
lowest raw score recordeé by a participating stu:lent was 19. According
to the Grade Equivalent Norm Table in the examiner's manual of the Nelson-

Denny Reading test, a raw score of 19 is equated at the 9.9 grade level.

TABIE 10

ANALYSIS OF GROUP RESULTS FOR PRE-TREATMENT TEST OF READING VOCABULARY

Group . ] . N ' Mean Variance

Experimental 26 31.96 48,52

Control 25 L 35.84 . 101.56
Calculated F = 2.09 Q,?Bjerved F = 1.59
Expected F.OS = _ 1.96 Criterion t 05 = .32
Difference: Sjgnificant Difference: Significant
Hypothesis: Rejected Null hypothesis: Rejected

When tested for reading cdmprehension, a mean difference of
1.52 in favor of control students separated the two groups. As shown in

Table 11, analysis of the experimental group's test results showed a
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variance of 175.12" coﬁp;r;d to 155.43 for the control group. Accordingly,
the value of the\eafatia’ced F ratio of 1.24 showed that no significant
difference existed between the variances of the two groups at the five
percent lévéi of confidence when tested for reading comprehension.
Hawever, the 1owest4 raw- score recorded by a participating student was 16.
In the examiner's manual, a score of 16 is equated at th_e 7.0 grade
level, indicating a possibility of a fairly serious comprehension defi-
ciency for an eleventh grade student. However, after analysis of this
pa;?icipant's other pre-treatment test scores as wéll as refex{ence to
his cumulative school record, it was concluded that the student did not
possess a reading comprehension deficiency that would hinder his achieve-

< ment in algebra-trigonometyy.

TABLE 11

ANALYSIS OF GROUP RESULTS FOR PRE-TREATMENT TEST OF READING COMPREHENSION

Group ‘ _ N Mean Variance
Experimental 26 44 125.12
Control | 25 ', 45.52 155.43
Calculated F = 1.24 C%Cﬁlated“?m= .46
, LS
Expected F;OS = o 1.96 Expected t o5 = 2.01
Difference: = Insignificant Difference: Insignificant
Hypothesis: Accepted Null hypothesis: | Accepted

Since the variances of the experimental group and control group
were not significantly different, a t-test was .applied to measure the

difference between the means of the two groups. Calculation of the t

PU—.
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resulted in 4 value of .46 compared to an expected value of 2.01 at the
five percent levei’af\confldence Therefore it was concluded that no
signficiant difference exlsted between the experimental group and con-

trol group when tested for reading comprehension.

Mathematical Concepts. The ability of students to understand
and apply mathematical concepts was one of the major points of intevest
in the study. To measure the ability of participants in this area at
the outset of the investigation as well .as their growth during treatment , a
teacher-constructed test#was designed and adnﬁﬁistered; Development of
a teacher-made instrument became necessary when it was concluded that
no.standardized test adequately measured this facet of mathematics at the
eleventh grade level. Thus a test called Survey of Trigonometric Con-
cepts, Form A and Form B, was developed.' As shown in Table 12, calcu-
lation of the mean score for each of the two groups on Form A of the
test resulted in a difference of .3 in favor of the experimental group.
In addition, the variance of the experimental group showed a value of
14.65 c'ol;xpared to 8.46 for the control group. Computation of the F ratio
yielded a value of 1.73, thus indicating thet no significant difference
existed at the five percent level of confide:‘q‘\ce between the variances
of the two groups. | }g,,,} : \~> h

[T f ‘

* With no significant difference evident 1n the variances of the
two groups, a t-test was applied. Accordingly, the calculated t resulted
in & value of .31. Since the expected value of t at the five percent
level of confidence is 2.01, no significant differénce existed in the
means of the two groups when tested for understanding and ability to
apply mathematical concepts prior to treatmeilt,

Mathematical Skills. Another ﬁlajor area of interest in the
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: . TABIE 12
ANALYSIS OF GROUP RESULTS FOR PRE-TREATMENT TEST OF MATHEMATICAL CONCEPTS

Group - N Mean Variance _

Experimental 26 24.58 ‘ 14.65

Control 25 24.28 8.6
Calculated F = 1.73 Calculated t = 31
Expected Fog = 1.97 . Expected tos = 2.01
Difference: Insignificant Difference: Insignificant
Hypothesis: Accepted Null hypothesis: Accepted

study was the development of mathematical skills by students. Pre-
treatmen; testing showed that the experimental group achieved a mean
score of 22._73§ the control group 22.52. Thus, results of administering
the Cooperative Mathematics Test, Algebra II, Form A, indicated a dif-
ference fairoriﬁé the experi.mentai group of .21 separating the group
means. As sumarized in Table 13, the va‘riance of the experimental group
was 20.92 compared to 21.26 for the contrloz‘J{ group. With a calculated

F ratio of 1.02, no significant differe%c;e;}éxisté\.;}dn 'th;a variances of
the two groups at the five percent level of confidence.

Application of a t-test of sigrlificwce resulted in a t-value
of .16. The expected v'alue of t at the fi‘ve percent level of confidence
is 2.01. Hence, no signicant difference existed between the means of the
experimental group and control gréup when tested for ability to apply

mathematical skills prior to treatment.

Mathematical Problem—soiving; To measure the mathematical
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~ TABIE 13
ANALYSTS OF~GROUP™RESULTS FOR PRE-TREATMENT TEST OF MATHEMATICAL SKILLS

Group - N o Mean Variance

Experimental 26 : 22,73 . 20.92

Control 25 - 22.52 © 21.26
Calculated F = 1.02 Calculated t = .16
Expected P.OS = 1.96 Expected t.05 = 2.01
Difference: Insignificant Difference: Insignificant
Hypothesis: Accepted Null hypothesis: Accepted

- problem-solving ability of students participating in the study, the ’
Cooperative Mathematics Test, Trigonometry, Form A, was admlnlstered to
both groups. Table 14 shows that the pre-treatment results of testing
yielded a mean difference of .66 in favor of the control group; with a
variance of 8.34 for the experimental group compared to 7.97 for the
control group. Calculation of the F ratio.yielded a value of 1.05.
Since the expected F ratio between the two groups at the flve percent
level of confidence is 1.97, there was o/ ?\ugnli\'_l‘ﬁcant dlfference between
the variances of the two groups when tgsteLfor éroblem—solvmg ab111ty
When a t-test was applled to dete‘mine the level of signifi-
cance between the means of the two groups, a value of .82 was derived.
Because the expected value of 1: ‘at the five percent level of confi-
dence is 2.01, it was concluded that no significant difference existed
between the two groups when tested for mathematlcal problem-solving

ability prlor to treatment. " ’ ’
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TABIE 14

m GROUP RESULTS FOR PRE-TREATMENT TEST
" OF MATHEMATICAL PROBLEM-SOLVING

Group “ | N " Mean Variance

Experimental 26 8.5 ‘ 8.34

Control 25 9.16 7.97
Calculated F = 1.05 Calculated t = .82
Expected F.OS = 1.97 Expected tos = 2.01
Difference: Insignificant Difference: Insignificant
Hypothesis: Accepted . Null hypothesis: Accepted

Post-unit Testing

Rather than 1imit the statistical analysis in the study to pre-
treatnxent/posf-tneatrrent test data, interim or wnit tests were admin-
istered -at the conclusion of each ‘of the five major units. Although
these tests were teacher-made instruments, all were reviewed and approved
by four mathematics teachers as being in accordance with the course ob-

1

jectives, as well as pertinent and thorougk :m | the fgverage of the par-
ticular instructional unit which was bemg?tested f Al]l items in the
tests required the application of one or more mathematical concepts,
mathematical skills, and/or the development‘ of mathematical problem-
solving strategies. To test the difference in achievement between the
two groups, a one-tailed t-test of—‘si\gnificance was applied to the post-
unit mean scores.

Unit One. When administered the post-unit test which included

PR
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algebraic review ‘niat/erial and problems involving radicals in equations,
the experiment?ﬂ’“/gr-'o\up achieved a mean score of 15.04 compared to 15.12
for the control group. Thus, a difference of .08 favoring the control
group separated the two means. As indicated in Table 15, the variance
of the experimental group was computed as 9.72 while the variance of
the control group was computed as ‘7.16. With a calculated F ratio of
1.28, no significant difference existed between the variances of the
two groups at the five percent level of confidence after instruction

regarding review material and radicals in equations.

TABLE 15

. ANALYSIS OF GROUP RESULTS FOR POST-UNIT TEST
OF REVIEW MATERIAL AND RADICALS IN EQUATIONS

Group N Mean Variance
Experimental 26  15.04 9.72
Control- : ’ 25 15.12 7.61
Calculated F = 1.28 Calculated t = .39
Expected F.OS = 1.97 Expected t.OS = © 1.68
Difference: Insignificant ];1_( Fence { Insignificant
'7";:»« v .
Hypothesis: ‘Accepted Null hypothesis: Accepted

Since there was equality of variance between the experimental
group and control group, a t- test was applied to measure the level of
s1gmf1cance between the means of the "two groups. Appllcatlon of the
t-test resulted in a calculated value of .39 in contrast to the expected

value of 1 68 at the five percent 1evel of confidence. Hence, it was
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concluded that no sigli'}ficant difference existed between the means of
the two groups wh\er@éd after treatment for understanding of review
material and radicals in equationsA; and the null hypc;'thesis of no signi-
ficant difference was accepted.

Unit Two. Analysis of post-unit test results for the instruc-
tional wnit, Exponential Functions and Logarithms, showed a mean dif-
ference between the two groups of 2.42 in favor of the experimental
group. The mean of the experimental group was 29.56; the mean of the
control group was 27.14. Computation of each group's variance resulted
in a value of 17.57 and 36.53 respectively. As shown in Table 16,
the calculated value of the F ratio was 2.08. Thus, the results of post-
unit testing for the wnit revealed a significant difference between the
variances of the two groups at the five percent level oi% confidence; and

the Cochran-Cox method which does not require homogeneity of variance

TABLE 16

ANALYSIS OF GROUP RESULTS FOR POST-UNIT TEST
OF EXPONENTIAL FUNCTICONS AND LOGARITHMS

Group N K‘Mean ) Variance
B T
Experimental _ 26 ¥ %9.56 17.57
Control 25- 27.14 . 36.53
Calculated F = 2.08 Observed t = 1.67
4 Expected F.OS = 1.96 _ < . Criterion t.OS = .31
Difference: Significant " Difference: " Significant

Hypothesis: -Rejected  Null hypothesis: Rejected

-
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was used to aﬁﬁly a t—te.st. -Accordingly, the value of the criterion t
was computem compared to the value of the observed t which was
calculated as 1.67. Since the criterion t ﬁas less than the observed t,
it was concluded that a significant differenc;e existed beth'reen ’the means
of the two groups whén tested for understanding of exponential fimctions
and logarithms; and the null hypbthesis of no signiciant difference was
rejected in favor of the experimental group.

Unit Three. Post-unit test results for the unit, Trigonometric
Functions and Complex Mumbers, showed a group mean of 23.54 for the ex-
perimental group; 21.32 for the control group. The difference between
the means was 2.22. As summarized in Table 17, the variance of the
experimental group was 24.66 compared to 33.56 for the control group;

hence, the calculated value of the F ratio was 1.36. Since the expected

value of the F ratio is 1.96 at the five percent level of confidence,

TABLE 17

ANALYSIS OF GROUP RESULTS FOR POST-INIT TEST
OF TRIGONOMETRIC FUNCTIONS AND COMPLEX NUMBERS

i

%
AN

Group N ‘\} Mean ) ' Variance
L LY
. T

Experimental . 26 G 25.44 24.66

Control 25 21.32 33.56
Calculated F = 1.36 Calculated t = 1.47
E}@écted F.OS = 1.96 . Expected t.OS = 1.67 -
Difference: Insignificant - Difference: Insignificant

Hypothesis: Accepted; _ Null Hypothesis: Accepted

-
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it was concluded‘:tha‘t no -s‘ignificmt difference existed between the
variances of Eﬁé'“/gwo\groups when tested for understanding of trigon-
ometric functions and complex numbers. »

Application of a t-test to measure significant difference
between the means of the experinzenta1~gr6up and control group revealed a
value of 1.47. Because the expecfed\valﬁe of t at the five percent level
of confidence is 1.67, the null hypothesis of no significant difference
between the means of the two groups wa.é accepted when students were tested
for understanding_/of', trigonometric functions and complex nunbers.

Unit Four. ~After completion of the unit, Triogonometric :
Identities and Formulas, analysis of post-unit test scores showed a
mean difference between the two groups of 1.57 in favor of control
group students. Table 18 shows that the experimental group attained a
mean score of 27.06 while the control group achieved a mean of 28.56.
Computation of each group's variance revealed a value of 52.17 for the
experim_ental group; 19.05 for the control gréup. Application of an
I;’.—test of significance resulted in a ratio of 2.74, indicating a signi-
ficant difference in the variances of the two groups at the five percent

level of confidence. Thus, to measure the “{qifference between the means

.of the two groixps, the Cochran-Cox metho*dfg’ﬁfgs' useEl?fo apply a t-test.
XT T

Utilization .of the Cochran-Cox rethod, which does not require equality of

-variance, resulted in a value of .72 for the criterion t compared to"a

value of .89 for the observed t. Since the criterion t was less than
the oBserved t, a significant difference existed between the means of
'the. two groups when-tested for understanding of trigonometric identities
and’ formulas; and the null hypothesis of no'sig_nificant difference was

rejected in favor of the control group.

—— . .
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~TABLE 18

MYSI ' OF GROUP RESULTS FOR POST-INIT TEST
OF TRIOGONOMETRIC IDENITIES AND FORMILAS

Group N Mean ‘Variance

Experimental 26 ’ 27.06 : 52.17

Control 25 28.56 19.05
Calculated F = 2.74 Observed t = .89
Expected F g = 1.97 Cx;i\?erion, t o5 = .72
Difference: Significant Difference: Significant

Hypothesis: Rejected Null hypothesis: Rejected

Unit Five. The final post-unit test in the study was admini-
stered to measure each participating student's understanding of circular
functions aﬂd their inverses. Table 19 summarizes the analysis of the
scores achieved by the students. The experimental group's mean score
was 6.71 compared to 7.5 for the control group; hence, the difference
between the group means was .79. Computa‘ltlon of each group's. varlance
resulted in a value of 9.3 for the experglr@ntal .gl\‘gup, 5.79 for the
contrel group. Application of an F- tes‘t’of significance yielded a ratio
of 1.61 compared to the expected F ratio of 1.97. Therefore, no signi-
ficant difference exis‘;ed between the variances of the two g'roups at the
five percent level of confidence when tested for understanding of cir-‘
cular functions and their inverses. _ Applying a t-test to measure the
difference between the means of the two Ag_'roups’ resulted in a value of
1.02. Since the expected value of t at the five percent level of signi

ficance is 1.67, no significénti.&ifference existed between the means of
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the experimental ‘gro"up and 'control group when tested for understanding

of circular ﬁm\cﬁ:ﬁ?\and their inverses; and the null hypothesis of no

significant difference was accepted.

TABLE 19

ANALYSIS OF GROUP RESULTS FOR POST-WNIT TEST
OF CIRCULAR FUNCTIONS AND THEIR INVERSES

Group ' N Mean Variance

Experimental 26 6.71 - 9.3

Control 25 7.5 5.79
Calculated F = 1.61 Calculated t = 1.02
Expected F.OS = 1.97 Expected t o5 = 1.67
Difference: Insignificant Difference: Insi gﬁificant
Hypothesis: Accepted Null hypothesis: Accepted

Post-treatment Testing

To help assess the effect of the\‘full semester's treatment on
students who participatéd in the study, fm%“‘j post-treatment tesg:s' were
utilized. Three of the instruments wereﬁ?éapiﬂisté\;‘?d in a different form
during pre-treatment testing to measure eé;:h participant’s understanding
of mathematical concepts, development of mathematical skills, and mathe-
matical problem-solving ability. To test the null hypotheses of no signi-
ficant difference between the means of the two groups after treatment,
each student's pre-treatment test séo}e was subtracted from his corres-
ponding post-treatment score; and thé result was then Vuse4d~to compute a

mean for each of the three tests.
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To 1dent1fy the difference between the corresponding means of
the experinentaldgr.o and control group, a two-tailed t-test of signifi-
cance was applied. Utilization of a t-test in this case assumes homogeneity
of variance between the two random samples of the populatiqn. Therefore,
before applying a t-tesf, it was necessary to test the two groups for
equality of variance. Accordingll);, an F-test of significance was used.

The fourth and final post-treatment test administered to stu-
dents during the study was designed to determine if students who wrote
computer algorithms showed growth in an area not given a great deai of
emphasis in the other three post—treatrhent tests; that i_s, in the devel-
opment of logic and reasoning ability. Hence, the fourth test instrument
was developed and administered to provide insight concerning a possible
"by-product’ of using a computer as an instructiondl tool. The test
contained no reference to computers, computer programming, or other re-

lated areas of computer knowledge.

Mathematical Concepts. Post-treatment test results for the

instrument, Survey of Trigonometric Concepts, Form B, showed that the
experimental group achieved a mean score Qf 26.81 compared to 26.2 for
the control group. When each participant 'j corresponding pre—éieatment
score was subtracted from his post- treatfrfat score;/, the result showed
that students in the experimental group had attained a mean 2.24 points
higher after treatment than before treatment; and that students in the
control group had achieved a mean 1.92 points higher after treatment
than before treatment.

A one-way analysis of \-rariénce was performed with both samples
to identify the margin of growth attaqued ciﬁripg_ the semester’'s treat-

ment. Table 20 shows that the calculated value of F for the experimental
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group was 4.43 compared to the expected value of 4.26 at the five percent
level of mnglgg;cm\. Thus, a significant difference existed between
pre-treatment and post-treatment achievement of the experimental group

when tested for understanding of mathematical concepts. ‘

TABLE 20

ANALYSIS OF EXPERIMENTAL GROUP'S PRE-TREATMENT/POST-TREA'I‘MENT
SCORES FOR THE TEST OF MATHEMATICAL EONCEPTS

Source of Sum of Mean
Variation df Squares Square - F. Difference
Within samples 24 350.64 14.61
Between samples 1 64.7 64.7 4.43 Significant

Total 25 415.34

Correspondinély, the calculated F ratio of the control group was 4.57.
Since-the'expected_ value of F at the five percent level of confidence

is 4.28, a significant ﬁffeﬁnce also existed between the pre-treatment
and post-treatment achievement of the con%rol group when tested for
understanding of mathematical concepts. { ;Eable ZLasmmnarlzes the results.

To determine whether a 51gr11f1;cant difference in growth occurred

between the two groups during treatment, the arithmetic difference be-
tween pre-treatment and post-treatment scores was subjected to an F-test.
The expected value of F at the _five percent level of confidence is 1.97.
As shown in Table 22, the calculated F in this instance resulted in a
value of 1.91; thus indicating homogeneif:y of variance. Hence, a t-test

was applied to determine the signifiCant difference between the means of
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TABLE 21

ANALYSIS OF CONTROL GROUP'S PRE-TREATMENT/POST-TREATMENT
SCORES FOR THE TEST OF MATHEMATICAL CONCEPTS

Source of Sum of Mean
Variation af Squares Square F Difference
Within samples 23 177.33 7.71
Between samples 1 . 35.28 35.28 4,57 Significant
Total 24 212.61

TABLE 22

SUMMARY ANALYSIS OF THE DIFFERENCE BETWEEN PRE-TREATMENT/POST-TREATMENT
SCORES FOR THE TEST OF MATHEMATICAL CONCEPTS

e

L/\/ ]
Group N Mean Variance
Experimental . 26 1.85 14,94
Control 25 1.92 7.83
Calculated F = 1.91 Calcylated t = :..08
Expected F o = 1.97 Exge@iced t e = 1.67
Difference: Insignificant Difference: ‘Insignificant
Hypothesis: Accepted Null hypothesis: Accepted

the two groups. Accordingly, a value of .08 was derived. Since the ex-

pected value of t at the five percent level of confidence is 1.67, it

was concluded that the growth of the two groups did not differ signi-

ficantly during treatment when students were tested for their under-
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standing of matheinajticai concepts; and the null hypothesis of no
significant diTrende was accepted.

Mathematical Skills. To identify each participating student's

level of mathematical skills after treatment, Form B of the C00perativ;a
Mathematics Test, Algebra 1I, was admini‘stered. Computation of ’the mean
score for each group showed that students in the experimental group
achieved a value of 27; and that students in the control group attained
a value of 24.16. Subtraction of each student's corresponding pre-‘
treatment score from his post-treatment score indicated that the experi-
mental group achieved a mean 4.15 points higher after treatment than it
did before treatment; and that the control group attained a mean 1.64
points higher after treatment than before treatment.

To measure the development of each group's mathematical skills
during treatment, a one-way analysis of erariance was performed. As cited
in Table 23,: the calculated value of F for the experimental group resulted

in a ratio of 14.43 whereas the expected value of F at the five percent

TABLE 23

ANALYSIS OF EXPERIMENTAL GROUP'S PRE-TREATIVENT/POST TREATMENT
SCORES FOR THE TEST OF MA TICAL -SKILLS.

N
.
] \.1 .,~ H
Source of - : Sum of Mean :
Variation daf Squares ‘Square F Difference
Within samples 24 394.08 16.42
Between samples 1 236.94 . 236.94 14.43 Significant

Total . 25 631.02
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level of confidence i'si 4.26.. Accordingly, a s‘ignificant difference
existed between?fg:’t};atmnt and pos't-treatment achievement for the
experimental group when tested for development of mathematice;.l skills;
that is, the group showed a significant margin of growth during the study.
In contrast the calculated value of F for the control group was 1.5 com-
pared to the expected value of 4.28. As shown in Table 24, there was

no significant difference between the pre-treatment and post-treatment
achievement of the control group when tested for develoi)ment of mathe-

matical skills.

TABLE 24

ANALYSIS OF CONTROL GROUP'S PRE-TREATMENT/POST-TREATMENT
SCORES FOR THE TEST OF MATHEMATICAL SKILLS

Source of Sum of Mean

Variation af Squares Square F . Difference
Within samples 23 516.35 22.45

Between samples 1 33.62 - 33.62 1.5 Insignificant
Total 24 549.97 '

X

. — L
PN

To determine whether a s‘i@ifiégﬁjc’ differ\ch in growth occurred
between the experimental group and control group during treatment, the
arithmetic différence between each group's i)ie-treatnenf and post-treatment
levels of achievement was subjecf.ed to an F-test. Calculation of the F
ratio resulted in a value of 2.04.. Since the expected v?.lue of F at the
five percent level of confidence is 1.97, a significant difference

existed between the variances of ‘the two groups; as shown in Table 25.

-
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TABLE 25

SUMVARY ANALYSIS OF DIFFERENCE ‘BETWEEN PRE-TREATMENT/POST-TREATMENT |
SCORES FOR THE TEST OF MATHEMATICAL SKILLS

Group N Mean Variance

Experimental 26 4.15 ©11.98,

Control 25 1.64 o 2441
Calculated F = 2.04 ~ Observed t = 2.11
Expected F;OS = 1.97 Criterion t.OS.'= .32
Difference: Significant Difference: ‘Significant
Hypothesis: Rejected Nuil hypothesis: Rejected

Accordﬁngly, the Cochran-Cox method of applying a t-test was uéed to
measure the level of significance between the means of the experiinental
group and coﬁtrol group. Utilization of the Cochran-Cox method y"ielded
a value of .34 for the criterion't compared to a value of 2.11 for fhe
chserved t. Since the value of the criterion t was less than ‘the ob-
served t, it was concluded that a signifiéant difference in growth
occurred between the two groups during tregtment \fgld thé nulllhypothe51s
of no significant dlfference in the dewfopmnt o% mathematical skills

was rejected in favor of the experimental group.

Mathematical Problem-solving. The Cooperative Mathematics

Test, Trigonometry, Fonh B, was qsed to test each participating student's
problem-solving ability after tréat.mgnt. Calculation of the experimental
group's mean score resulted in a value of 13.19 compared to 14.32 for the
control group. Subtraction of each part‘iciban:t's pre-treatment score
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from his corresp'ohcl'ing post-treatment score showed that the experimental
group attained\@tlﬁg greater after treatment than it did before
treatment; and that the control group achieved a mean 5.16 greater after
tfeatmnt than before treatment. -

Measurement of each group's development of mathematical problem-
solving ability during treatment wés accomplished through a one-wé.y o
analysis of ;rariance test. As summarized in Table 26, the calculated F

ratio for the experimental group yielded a value of 17.36. Since the

TABLE 26

ANALYSIS OF EXPERIMENTAL GROUP'S PRE-TREATMENT /POST -TREATMENT
SCORESFOR THE TEST OF MATHEMATICAL PROBLEM-SOLVING

Source of Sum of Mean

Variation _ daf Squares Square F Difference
Within samples 24 395.76 16.49

Between samples 1 286.23 286.23 17.36 Significant
Total 25 681.99

)

expected value of F at the five percent }evel of_ confldence 1sl 4,26, a
significant difference existed between ‘t';"xe pre- tréatment and post-
treatment scores achieved by the experimental group; that is, signif'i.-
cant growth was achieved by the group dﬁring‘treatment when tested for
mathematical problemjsdlwring abi}ity. Sinlilarl};, the control group also
showed significant growth during t];zq semester's treatment. Calculation
of the control group's F ratio resulted in a value of 31.03 compared to

the expected value of 4.28 as shown in Table 27.

-
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TABLE 27

ANALYSTS DFTHENCONTROL GROUP'S PRE-TREATMENT/POST-TREATMENT
SCORES FOR THE TEST OF MATHEMATTCAL PROBLEM-SOLVING

. Source of Sum of Mean

Variation df Squares Square F Difference
Within samples 23 246.79 10.73

Between samples 1 332.82 332.82 31.03 Significant
Total _ 24 579.61

To test the difference between the variances of the experi-
mental group and control group, the arithmetic difference between each
group's pre-treatment and post-treatment level of achievement was sub-
jected to an F-test. Calculation of the F ratio resulted in a value of
3.21. Since the expected value of F at the five percent level of con-
fidence is 1.97, a significant difference existed between the variances
of the two groups. Accordingly, tile Cochran-Cox method of applying a
t-test was used to dete.rmine the level of s\ignificance between the means
of the experimental group and control group:‘-ﬁl\ As indicated in Tgbie 28,
the value of the criferion t was conqiutedi ,ésf .76 wh?«le the; value of the
observed t was computed as .34. Since the ”“ér_iterion t was greater than
the observed t, it was concluded that the growth of the experimental -
group and control group d.1d not differ significantly during treatment
when tested for mathematical problem-solving ability. Hence the ﬂull

hypothesis of no significant difference was accepted.

logic and Reasoning. The final post-treatmént test adminis-

tered to student-participants was desighed to measure the level of achieve-
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TABLE 28

SUMVARY ANALYSIS-OF THE DIFFERENCE BETWEEN -PRE-TREATMENT/POST-TREATMENT
SCORES FOR THE TEST OF MATHEMATICAL PROBLEM-SOLVING

Group N Mean '~ Variance

Experimental 26 469 35.74

Control 25 516 - 11.14
Célculated F = 3.21 © Ohserved t = .34
Expected F.OS = 1.97 Criterion t g5 = .76
Difference: Significant Difference: Insignificant
Hypothesis: Rejected Null hypothesis: Accepted

ment in an area not emphasized in the other three post-treatment tests;
that is, the development of logic and reasoning-ability. The results

of adndnistefing the instrument, Test of Logic and Reasoning, are sum-
marized in Tablé 29. The experimental group achieved a mean score of
31.96 éonpared to 28.04 for the control group. Hence, a différeﬂce of
3.92 existed between the means of the two g;«oups With a variance of
7.08 for the experimental group and 32.04 er the \cintrol group R the cal-
culated value of the F ratlo was 4,53. S:i?nCe the é/xpected value of F

at the five percent level of confidence is 1.97, a significant dlffez"ence
existed in the variances of the two groups;' “Accordingly, the Cochran-
Cox method was used to measure the difference between the sample means.
Utilization of the Cochran-Cox me;hc;d resulted in a criterion t of .17

compared to 3.19 for the observed t. Thus, a significant difference

existed between the means of the experimental group and control group
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vhen tested for logic and feasqning ability; and the null hypothesis of no

significant di¥férente was rejected in favor of the experimental group.

Table 29 °
ANALYSIS OF GROUP RESULTS FOR POST-TREATMENT TEST OF LOGIC AND REASONING

Group N Mean , Variance

Experimental 26 31.96 7.08.

Control 25 28.04 32.04
Calculated F = 4,53 Observed t = 3.19
Expected F g = 1.97 .Criterion t o5 = .17
Difference: Significant Difference: Significant
Hypothesis: Rejected Null hypothesis: Rejected

Student Opinions

Whether student learning behavior is affected by the use of a
computer when it is utilized as a teaching and/or learning tool is of
great importance to many people, especially in education. Héwever, the
opinion of students relevant to the corrq)u%‘%;r as an inSthuctiox{aI tool is
also a major concern. To gain some insﬁ';'ﬁ'fi 'rega?ﬁ?ng such opinion,
surve); instruments wefe designed and administered to all students who
participated in the study. A copy of the instrument administered to‘ the
experimental group, as well as the one administered to the control group,
can be found in Appendix D.

Opinions of Students in the Experimental Group. Instrument A

was developed to identify the opinion of éfudents in the experimental
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group. The mstrument waé administered twice during the study: shortly
after student‘s«b’é'gél\ using the computer as an instructional tool; and
again after treatment. Participants were asked to respohd to six state-
ments. Each statement included three possible responses: agree; don't
know; disagree. Students were asked to circle the response 'which, at
the time, best described their opinion. Table 30 summarizes the re- _
sponses to each statement.

To statistically analyze the results, responses were weighted

accordingly:
Agree © + 1 point
Don't know 0
Disagree - 1 point

A one-way analysis of variance was then performed to the early-
treatment/post-treatment scores for each of the six statements. As
identified by the investigator prior to initiating the study, the five
percent level of confidence was used to measure significant difference.
Accordingiy, é calculated F ratio greater than 4.04 indicated a signi-
ficant difference in the post-treatment ?pinion of students in the experi-
mental group when compared to their earl\);,gtreatngnt opinion. ; .

. Some educators who use a cor'rlgl,frtei\r.as ailginstrllctional tool
contend that students like courses in svf?u::h a computer is used more than
other courses in which a computer is not, used. However, the calculated
value of the F ratio relevant to the statement, "I like mathematics,"
indicated that students in the experimental group did not change their
opinion significantly after having used the computer in algebra-trigonometry.

~The calculated F ratio of 1.48 was considerably below the expected value

of 4.04. Thus, the null hypothesis of no sigﬁificant difference between
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TABLE 30

EARLY-TREATFENT YWND POST-TREATMENT OPINIONS OF STUDENTS IN THE -
% .
EXPERIMENTAL GROUP REGARDING THE USE OF A COMPUTER IN MATHEMATICS

Statement Early-treatment Post-treatment

1. I like mathematics.

Agree
Don't know
Disagree

—
[FA R Tal

(3]
o=

2. 1 like using a computer to
learn mathematics.

Agree ' 12
Don't know 12
Disagree . _ » 2

&
[ R=R ]

3. Using a computer helps me to
understand mathematics.

Agree . 11 15
Don't know - 10 ' 8
Disagree 5 3

4, Using a computer has increased
my interest in mathematics.

Agree 10 .13
Don't know 7 .
Disagree 9

!

5. In addition to mathematics, I G} : . '
would like the opportunity to B

use a computer to leam subject- ¥ * f

matter in other courses (e.g. ‘

social studies or science).

Agree 12 13
Don't know -7 7
Disagree . 7 6

6. I have a better understanding of
the computer because of the -
opportunity I have had to use
a computer to learn mathematics.

Agree | 19 25
Don't know e 6 1
Disagree o 1 0
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‘early-treatment and post-treatment opinion was accepted, as shown in

Table 31. RN

TABLE 31

"I LIKE MATHEMATICS'':

AN ANALYSIS OF EARLY-TREATMENT/POST-TREATMENT OPINICN
OF STUDENTS -IN THE EXPERIMENTAL GROUP

Source of Sum of  Mean Null
Variation daf Squares Square F Difference Hypothesis
Within groups 49 15.68 .32

Between groups 1 .48 .48 1.48 Insignificant Accepted
Total 50 16.16

Early-treatment response to the statement, "I like using a com-
puter to learn mathematics," showed that two students did not like using
a computer to learn mathematics, while 12 6thers "didn't know." After
treatment, all sfuderits eAxceprt three indicated that they liked using a
computer to learn mathematics. When these results were subjected to a
one-wgy analysis of variance, an F ratio of 4.63 was‘:"*\cqnputed. Since thc? )
expected value of the F ratio at the five percent 1@1}1 of ciggfideﬁce. is'
4,04, a significant differéhce existed between ea;:‘i?)r‘?treatn\ent and post-
treatment opinion. As shown in Table 32, the null hypothesis of no .
significant difference was rejected.

Statement three of the opinion iqstmnt sought to determine
if the students who used a computer as an instructional.tool believed
that the computer helped them to understand mathemafics._ Although 15

students agreed with the statement after treatment compared to 11

students earlier, no significant differénce existed between early-
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nTIKE USING A COMPUTER TO LEARN MATHEMATICS':
AN ANALYSIS OF EARLY-TREATMENT,/POST-TREATMENT OPINION
‘OF STUDENTS IN THE EXPERIMENTAL STUDY

Source of Sum of Mean Null
Variation af Squares Square F. Difference  Hypothesis
Within groups 49 20.58 .42

Between groups 1 1.92 1.92 4.63 Significant Rejected
Total 50 22.50

treatment and post-treatment opinion. Table 33 shows that the F ratio
between early-treatment and post-treatment opinion resulted in a value
of .05. Since the expected value of the F ratio at the five percent

level of confidence is 4.04, the null hypothesis of no significant dif-

ference was accepted.

" TABLE 33
"USING A COMPUTER HELPS ME TO UNDERSTAND MATHEMATICS':

AN ANALYSIS OF EARLY-TREATIVENT/P&;TTTREATMENT OPINION' .
OF STUDENTS IN THE EXPERE@NTAL G\BQUP

L . {

S ,
Source of Sum of Mean Null
Variation - df Squares Square .F._  Difference Hypothesis
Within groups 49 26.46 .54
Between groups 1 .69 : .69 1.28 Insignificant Accepted

Total 50 27.15
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_ProfJonenfsj suppo_rfing the use of a computer as an instructjonal
tool often contm utilization of a computer in a course increases
student interest in the subject-matter. The opinion of studénts in the
experimental group did not support this contention. No significant dif-
ference was found between early-treatment and post-treatment opinion
when students were asked to respond to the statement: "Using a computer
has increased my interest in mathematigs," Table 34 shoirs that the
calculated value of the F ratio was .1 compared to the expected value
of 4.04. Thus, no significant difference existed between early-treatment

and post-treatment opinion; and the null hypothesis of no significant

difference was accepted.

TABLE 34

"USING A COMPUTER HAS INCREASED MY INTEREST IN MATHEMATICS™:
AN ANALYSIS OF EARLY-TREATMENT/POST-TREATMENT OPINION
OF STUDENTS IN THE EXPERIMENTAL GROUP

Source of Sum of  Mean Null
Variation af Squares Square F Difference Hypothesis
Within groups 49  36.75 75N
Voo .
Between groups 1 .48 .48 64 Ins éénific”ant _ Accepted
V}W';d i £ . -
N : .

Total 50 37.23

RS

During early-treatment, 19 of the 26 students in the experi-
mental group replied affirmatively to the statment: ''In addition to
mathematics, T would like the opportunity to use a compufer to leam
subject-matter in other courses (for exarple, social studies and science)."

After treatment, 25 of the 26 students indicated an affirmative reply.
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Accordingly, ’an arialysis of early-treatment and post-treatment opinion
resulted in an ¥F-Fatid of 1.03, as shown in Table 35. The.expected
value of F at the five'percent level of confidence is 4.04; thus, no
significant difference existed between the early-treatment and post-

treatment opinion of students in the experimental group.

. TABLE 35

"IN ADDITION TO MATHEMATICS, I WOULD LIKE THE OPPORTUNITY °
TO USE -A COMPUTER TO LEARN SUBJECT-MATTER IN OTHER COURSES": |
AN ANALYSIS OF EARLY-TEATMENT/POST-TREATMENT OPINION
OF STUDENTS IN THE EXPERIMENTAL GROUP -

Source of Sum of Mean Null

Variation df Squares Square F Difference Hypothesis
Within groups 49 32.83 67

Between gfoups 1 .69 .69 7.81 Insignificant Accepted
Total . 50  33.52

Shortly' after treatment began, 19 students in the experi-
mental group indicated they they had a better undelstandmg of jthe com-
puter because of the opportunity afforded;tﬁem to ;ase the device in
mathematics. After treatment, all students in the experimental group
except ane agreed to the staterﬁent: "I have a better understanding of
the computer because of the opportunity I have had to use a computer to
learn mathematics.'" A one-way:- analysis of variance between early-
treatmént and post-treatment reéults %véaled an F ratio of 7.81 com-
pared to the expected ratio of 4.04 at the five percent level of confi-

dence. Thus, a significant difference existed between the early-treatment
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and post-treétmeﬂ‘f opinion. of students in the experimental group, as

cited in in Table 363\ and the null hypothesis was rejected.

TABLE 36

"I HAVE A BETTER UNDERSTANDING OF THE COMPUTER BECAUSE OF THE
OPPORTINITY T HAVE HAD TO USE A COMPUTER TO LEARN MATHEMATICS":
AN ANALYSIS OF EARLY-TREATMENT/POST-TREATMENT OPINION
OF STUDENTS IN THE EXPERIMENTAL GROUP

Source of Sum of  Mean Null
Variation df Squares Square F Difference Hypothesis ...
Within groups 49 12.25 .25

Between groups 1 1.92  1.92 7.81 Significant Rejected
Total 50 14.17

Opinions of Students in the Control Group. What are the

opinions of students who could not use a computer as an instructional
tool aithoﬁgh it was available tb other students in another section of
the same course? To answer this question, students in the control group
were administered Opinion Instrument B af%gr“treatnent, consis;ting of
six statements. Each statement includelq;,tlé’ree poﬁgible }esporises: agree;
don't know; disagree. Students were as;igd? to circle the response which,
at the time, best described their opinion. "~1‘ab1e 37 summarizes the re-
sponses to each statement.

Like students in the experimental group, most students in the
control group liked mathematics ;‘ 20 of the 25 students indicated accord-
“ingly. In additionv,‘ 17 of the students 1n the control group replied

that they would 1liked to have ﬂad the'opportm'ity to use a computer to
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TABIE 37

POST-TREATVMENT OPINIONS OF STUDENTS IN THE CONTROL GROUP
RELEVANT TO NOT USING A COMPUTER IN MATHEMATICS.

Statement Post-treatment

1. I like mathematiés.

Agree 20
Don't know 4
Disagree 1

2. I would have liked to have had the opportunity to use
a computer to learn mathematics this semester.

Agree 17
Don't know 5
Disagree 3

3. Using a computer would have helped me to
better wnderstand mathematics.

Agree ‘ 6
Don't know 12
Disagree 7

4, Students who used a computer to learn mathematics
-this semester had an advantage over me.

Agree 7
Don't know 11
Disagree L 7

N
5. If I take an additional mathematics cdurse, -

I would like to use a computer irgg;h#e. e

course to learn mathematics. & 5
Agree 17
Don't know oo 4
Disagree 4

6. I would like the opportunity to use a computer
to learn subject-matter in courses other than
mathematics (e.g. social studies or science).

-

Agree - 17
Don't know : 5
Disagree 3
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learn mathemratics";‘}vhirle ohly three responded negatively. Nevertheless,
only six of th%ts expressed the opinion that using a computer
would héve helped them to better understand mathematics; 12 didn't know;
seven disagreed. Sinxi'l'arl)?, in replying to the statement, "Students
who usea a computer to leamn mathematics this semester had an advantage
over me," seven agreed; 11 didn't kmow; and seven disagreed.

A rather sizeable number, 17 of the 25 students in the control
group, expressed an affirmative reply to the statement: "If I take ‘an
additional mathematics course I ‘would like to use‘ the computer in the
course to learn mathematics.' Only four students indicated disagree-
ment; while four others -responded that they '"didn't know." Almost iden-
tically, 17 students replied that they would 1like the opportunity to use
a computer to leamn sub;ject-matter inv coufses other than mathematics;

/
five indicated that they "didn't know'; only three responded negatively.

et
b e



- CHAPTER V
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SUMMARY,, CONCLUSIONS, AND RECOMMENDATIONS

Purpose of the Study

The major purpose of this study was to determine if students
who use a computer to leam mathemétics éttain a higher level of achieve-
ment than’ other students of the same ability level who do ndt use a com-
puter to learn mathematics. Since the opinion of students regarding
such eﬁcperience ‘is also an importanf concern to many edﬁcators, question-
naires too were administered during the investigétion. — If ‘supporti\'re
conclusions can be reported from this study and other similar investi-
gations, there is justification for the cost of computer resources for
such teaching and learning. Indeed, there would alsd be reason to
examine alternative means of introducing the technique or process.

Interest in pursuing the project was stimulated by the lack
of empirical research regarding computer-assisted problem-solving, as
well as the widespread enthusiasm of many people who support the use of

computers in the development of student leamning behavior.

N

‘}. .
Research Procedures

e
s

Students in two al‘gebra-trigoggrgtry cle(sses participated in
the project; 14 boys and 12 girls in the experimental group which used
a computer as a teaching and learning tool;' 14 boys and 11 girls in the
control group which did not use a computer. All students were of ""middle
ability" level, having been empiricélly placed at that level by mathe-
matics teachers based upon each student's prior achievement in mathe-
matics, but ‘randomly scheduled into the two gr‘é)ups by a computer. -

Both the experimental: group.and.control group were taught by

120
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the same teéchér“, a person"with considerable experience in mathematics
and conputer-hssi?féd problem-solving. Except for instruction and
assignments in the experimental group involving the use of the computer
terminals and the language called BASIC, the course objectives, methods,‘
techniques, and instructional materials were the same for both groﬁps.
Thus, the experimental group used a computer as an instructional tool to
learn algebra-trigonometry; the control group did not.

Students in the experimental group worked directly with three
teletypewriter terminals, two of which were connected through private
telephone lines to a large-scale, digital computer located approximately
15 miles away. The students typed numerals, lettérs, and symbols found
on the keyborad to do computational work, solve mathematical problems,
and otherwise "'teach" the computer that which they learned in class.

The study took one 19-week semester to complete. Most utili-
zation of the computer terminals was in the mathematics workroom or the
hallway adjacent to the classroom so that the students using the ter-
minals.wouid mbt disturb the othér menbers remaining in the Toom.
However, a telephone line was installed 1n the classroom to allow the
teacher the opportunity to use a terminalﬁz\éfqr teaching and demonstration
purposes. L,J N, -

| o1 f

Since the computer was utilized in the study as an instructional
tool rather than as an object of instruction, the teacher used the com-
puter whenever he considered it beneficial in achieving the course objec-
tives. Students in the experimenta,lr group were free and encouraged to
use the cbmputer terminals not oﬁly when direct assignmerits were made
conceming the use of the computer, but aiso when other applicable pro-

blems were assigned. Utilization of the compﬁter as a teaching and/or

-
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leaming\tool’ dufihg‘\ the stﬁdy was entirely at the discretion of the
teacher and/or den’ in the experimental group. Accordingly, the
terminals were generally used in three ways: (1) as a computational
tool; (2) as a "teaching' and leaming tool; and (3) experimentally.

Hence, except for instruction in the experimental group rele-
vant to the computer terminals and the BASIC language, considerable
effort was devoted to keep the instructional strategies alike in both
participating groups. Since the use of the computer with the experi-
mental group represented a manipulation of the instruct)iona]. variable, "
the intent was to make it the paramount variable in the- instruction and
learning of the two groups. Accordingly, one 'off-line and two on-line
computer terminals were available to studenfs in the experimental group
during the study; and the curricular strategy adopted called for the
identification of those aims and cbjectives within the.existing algebra-
trigonometry curriculum of the Dearborn Public Schools where a computer-
could be_st be used to improve student learning behavior.

Eﬁlmtiw instruments ﬁere administered to both the experi-
ment group and control group before and after treatment, as well as
intermittently. The instruments were of twq major types: (1) test

instruments that measured the achievemenf;{;fbf) indiv’iflual students; and
-
) 517

(2) opinion instruments.

None of the instruments which were used to measure achieve-
ment contained any reference to computers, computer languages, or other
related areas of computer knowledge.. The primary rationale for selec-
tion of the test instruments, as well -as the time to administer them,
was identification and measurement of student achievémant. Pre-treatment

tests were administered to all participating students to assess intelli-
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gence 1eve1; reading ability, and mathematical achievement before the
experimental Mts began. To measure student achievement relative
to each of the five instructional wnits in the course, a teacher-
constructed test was administered at the conclusion of each wmit.
Finally, to help assess the effect of the semester's treatment, four
post-treatment tests were utilized. Three of the instruments were ad-
ministered in a different form during pre-treatment testing to measure
each participant's understanding of mathematical concep;:s, development
of mathematical skills, and performance of mathematical problem-solving.
The fourth post-treatment test was administered to determine if the
students who wrote computer algorithms showed growth in an area not
given a great deal of emphasis in the other three post-treatment tests,
that is, in the development of logic and reasoning ability.

To identify the opinion of students relevant to the use of a
computer as-an instructional tool--both in the experimental group as
well as in the control group--appropriate opinion instruments were de-

signed and administered to all participants.

Statistical Procedures

To measure the difference in af‘}_}iievemerit‘b between thfta experi-
mentai group and contrpl group before %ﬁlfe:gtnent, .{a two-tailed t-test
of significance was applied. Utilization of a t-test in such instances
where the difference between group means ‘afe‘ measured assumes homogeneity
of variance between the two random samples of the ‘population. Hence,
before applying the t-test, an F tést was performed to determine if homo-
geneity of variance existed between the two groups. In those instances

where equality of variance did not exist between the groups, application

of a t-test of significance was: performed by the method developed by
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Cochran and Cox. The Cochran-Cox method does not assume nor necessitate
homogeneity of Mbereen two samples of a population.

To measure the differences in growth between the experimental

group and control groups after treatments, a one-tailed t-test was applied.

Results of Testing the Null Hypotheses

Pre-treatment testing of intelligence quotient, reading com-
prehension, mathematical concepts, mathematical skills, and mathematical
problem-solving showed that no significant difference existed between the
experimental group and control group at the five percent level of con-
fidence. Only when tested for reading vocabulary did a significant dif-
ference exist between the two groups. However, this group difference
was not considered important because no student in either group possessed
a vocabulary deficiency below the 9.9 grade level. Hence, with the ex-
ception of reading vocabulary, the null hypothesis depicting the similar-
ity of the two groups prior to treatment was accepted:

There is no significant difference in readiness

between the experimental group and control group when

measured by test instruments in the following areas

prior to treatment: intelligence quotient, reading

vocabulary, reading comprehension; mathematical con- |

cepts, mathematical skills, and mathematical problem- i -

solving. J - )

JQ; S s
Interim or piost-Lmi't tests whicdhf i’:ﬁcluded{ (1) review material
—-and radicals in equations, (2) trigonometric functions and complex
numbers, and (3) circular functions and their inverses, showed no
significant difference between the two groups at the five percent level
of confidence. Accordingly, the null hypothesisi depicting the similarity
of the experimental group and control group for these three wnits was

accepted:
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When evaluated by teacher-constructed post-unit
tests that excluded reference to computers, computer
langdages , “computer programming, and other areas of

computer knowledge, there is no significant difference
in achievement between the experimental group which
used a digital, time-shared, electronic computer to

learn mathematics and the control group which did not

use the computer to learn mathematics.

When the two groups were administered the post-unit test of
exponential functions and logarithms, however, a significant difference
was found to exist in favor of the experimental group. In contrast,
when students were administered the post-unit test of triogonometric
identities and formulas, a significant difference was found to exist in
favor of the control group. Thus, the null hypothesis depicting the
similarity of the two groups for these two units after treatment was
rejected.

When the groups were tested at the end of the semester's
treatment for understanding of mathematical concepts and mastery of
mathematical problem-solving, no significant difference in growth was
found between the experimental group and control group. Hence, the fol-
lowing null hypotheses were acceptedi

When tested by a teacher-constructed post-treatment
instrument measuring ability to understand and apply; -
mathematical concepts, there is no significant difference

in achievement between the expésra%nental\«g:roup which used

a digital, time-shared, electydn? compéter to leam

mathematics and the control group wh1ch did not use the

computer to leam mathematics.
When tested by a standardiie&'post-treatnent instru-
ment measuring mathematical problem-solving ability,

there is no significant difference in achievement be-

tween the experimental.group which used a digital,

time-shared, electronic computer to leamn mathematics

and the control group which dld not use the computer to

learn mathematics.

When tested for mastery of mathematical skills, a significant

difference in growth was found to have occurred during treatment in
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favor of the experini"eptal group.. Accordingly, the following null
hypothesis was m:

When tested by a standardized post- treatment in-
strument measuring level of mathematical skills, there
is no significant difference in achievement between
the experimental group which used a digital, time-
shared, electronic computer to learn mathematics and
the control group which did not use the computer to
leamn mathematics.

When tested after treatment for ability to use logic and
reasoning, a significant difference was found to exist again between
the two groups in favor of the "computer group," Thus, the following
null hypothesis was rejected:

When tested by a teacher- construeted post-treatment
instrument measuring logic and reasoning ability, there

is no significant difference in achievement between the

experimental group which used a digital, time-shared,

electronic computer to learn mathematics and the control
group which did not use the corputer to learn mathematics.

Finally, no significant difference existed between the early-
treatment and post-treatment opinion of students in the experimental
group when asked to respond to the following statements:

-- I like mathematics.

-- Using a computer helps me to understand mathematlcs

-- Using a computer has mcrease,d ‘jny in rest in matherratlcs

-- In addition to mathematics, “T?WOuld 11€<e the opportunity to

use a computer to learn subject-matter in other courses. (for
example, social studies or science).

Accordingly, the null hypothesis was accepted:

When measured by ‘an investigator-constructed opinion
instrument, there is ne 51g111f1cant difference between

the early- treatme: 1t opinions of the experimental group

relevant to the use of a digital, time-shared, electronic

computer to learn mathematics’ and the’ group's post-

treatment opinions concerning the use of the computer to
learn mathematics, - -.;:, ~ .
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Héwevef;ja significant difference was found to exist between

the early-treatﬁggz\énd post-treatment opinion of students in the experi-
mental group when asked to respond to the statements:

-- I like uéing a computer to leamn mathematics.

-- I have a better wnderstanding of the computer because of
the opportunity I have had to use a computer to learn
mathematics.

Regarding these two statements, the null hypothesis of no

significant difference between the early-treatment and post—treatment o

opinion of students in the experimental group was affirmatively rejected.

Conclusions
As a result of the investigation and the inherent statistical
analysis, several conclusions were derived:

1. Prior to treatment, there was no significant difference in
readiness between the experimentallgroup and control group in the fol-
lowing ‘areas: ‘intelligence quotient, reading comprehension, mathematical
concepts, mathematical skills, and mathematical problem-solving.

2. No individual student who pé@ticipated in the study pos-

) 3

sessed a serious reading deficiency that~aé}id higgsr his achievement in
mathemgtics. ﬁ?,’ f

3. After wnit treatment involving algebraic review material
and radicals in equations, there was no siénificant difference between
the mean achievement of students who used a computer during treatment
" and the mean achievement of studeﬁté who did not use a computer during
treatment.

4. After wnit treatment involving ekponential functions and

logarithms, there was a significant difference between the mean achievement
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of students who used a conputer during treatment and the mean achieve-

ment of studer?tmdld not use a computer during treatment; students

who used a computer attained a significantly higher level of achievement

than students who did not use a computer. ‘

5. After wnit treatment involving trigonometric functions and
Eomplex numbers, thefé was no significant difference between the mean
achievement of students who used a computer during treatment and the
mean achievement of students who did not use a computer during treatment.

6. After unit treatment involving trigonometric identities
and formulas, there was a s‘ignificant difference between the mean achieve-
ment of students who used a computer during the treatment and the mean
achievement of students who did not use a computer during treatment;
students who did not use a computer attained a significantly higher level
of achievement than students who used a computer.
| 7.. After unit treatment ihvolvincr circular functions and their
mverses there was no 51gnlf1cant difference between the mean achieve-
ment of students who used a computer during treatment and the mean
achievement of students who did not use a computer during treatment.

8. The group of students which Sx§ed a computér to leain
algebra-trigonometry showed significant grgcwth durfng treatment in under-
standing mathematical concepts, developlng mathematical skills, and
performing mathematical problem-solving.

9. The group of students which.did not use a computer to leamn
algebra-trigonometry showed sig111fi£ant growth during treatment in under-
standing mathematical concepts and performing mathematical problem-solving,
but no significant growth in developing mathematical skills.

10. During the semester's treatment, there was no significant

PR
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difi"erence ih gfdwtﬁ bie‘;v_e'en the ability of students who used a computer
to apply mathema»?ft’:ﬁ\ concepts and the ability of students who did not
use a computer to apply mathe;matical concepts., ' |

11. During the semester's treatment, there was a significant
difference in growth between the mathematical skills developed by students
who used a computer in algebra-trigonometry and the mathematical skills
developed by students who did not use a computer in algebra-trigonometry;
students who used a computer attained a significéntly higher level of
achievement than those students who did not use a computer. :

12. During the semester's treatment, there was no significant
difference in growth between the problem-solving ability of student who
used a computer and the problem-solving ability of students who did not
use a computer.

13. After the semester's treatment, there was a significant
difference between the i‘c;gic and reasoning ability of students who used
a: computer in algebfg-trigonometry and students who did not use a com-
puter in algebré-trigonometry; stﬁdents who used a computer attained a
significantly higher level of achievement ’f:han those students who did
not use a computer. “i ) | ‘ B

14. Experiencing the use of a_'goni;})uter ‘éfban instructional
tool in-algebra-trigonometry did not sigr;;'ifi{cantly change the opinion
of ‘'students regarding the followving statements: |

-- I like mathematics.

-~ Using a computer helps me to understand mathematics.

-- Using a computer has increased my interest in

mathematics.

-- In addition to matheinatics ,' I would 1like the opportunity
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to ﬁs'e,‘a computer- to leam subject;mattér in other
?0/1';;‘5'g(fm~ example, science or social studies).
15. Experiencing the use of é computér as an instructional
tool in algebra-trigonometry significantly and affirmatively changed
the opinion of students regarding the following statements:
-- I like using a compu"cer t'c; learn mathematics.
-- I have a better understanding of the computer because
of the opportunity I have had to use a computer to
learn mathematics. |
16. Students in the control group expressed a general sentiment
that they were interested in using a computer as an instructional tool 3
however, they did not bLelieve that a computer would necessarily help
them wnderstand the subject-matter of a course.
17. There is a widespread need for revision and further de-
velopment of instructional materials relevant to computer-assisted piroblem—

solving in mathematics.

Implications and Recommendations for Future Study

The statistical evidence obtainé’cé through this studyﬁ:provides
evidence to support the use of conputer-%‘s,;{s‘ted -ﬁnglem:solving in mathe-
matics. However, the writer does not céﬁtgnd or imply that the use of
- @ computer as a teaching and learning tool results in optimal learning.
Instead, the results of the investigation indicate that there are certain
areas and aspécts in mathematics in which the use of a computer as an
instructional tool favorably effects student learning behavior; and
accordingly, its use is highly desirable. APurthermore, the study indi-
cates that most students seem to enjojflusing a.computer' as an. instruc-

tional tool. S
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Neve;'theléss, it is obvious that a great deal of additional
research must st\immdertaken to further examine the hypeotheses in-
herent in this study, and to answer questions such as the following:

1. 1Is there a relationship between the amount of time that a
student uses a computer as an instructional tool in a course and his
academic achievement in the course?

2. Do students who write computer algorithms and use a com-
puter as an instructional tool achieve at a higher level than students
who writer computer élgorithms which are evaluated by a teacher without
being processed through a computer? | ‘

3. What effect on student learning behavior does the use of
computer-assisted problem-solving have upon "below-average' students?

4. Does the academic performance of males differ from that of
females when they use a computer as a problem-solving tool?

5. What effect on student learning behavior does t};e use of
a computer have when used as a teaching and learning tool in science,
economics, or other cﬁrricular areas? | |

6. What effect does socio-economic background have upon the -

academic achievement of students who utilizﬁcbmputer-asSisted problem-

‘:‘.,(;y-zﬁ . Ty
o1 f

7." Is group size an important factor when utilizing computer-

solving?

assisted problem-solving? .
8. Does the use of different progrmmﬁng languages have dif-
fering effects upon student leaming behavior?
9. Does the utilization of particular computer terminals, such

as visual display or "hard copy," result in a difference in student

learning behavior?
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10. /What'é,ffect does the number of computer terminals available
to students haveme development of student learning behavior?

11. What degree of retention do students have regarding subject-
matter in a course in which computer-assisted problerﬁ~solving is utilized?

12. How might a mixture of computer-assisted problem-solving
with other "modes" of CAI effect the development of student learning
behavior? |

13. What z;re the transfer effects of using computer-assisted
problem-solving? | -

14. Do students who use a computer as an inétructional tool
obtain beneficial leamning experiences that are not identified through
the administration of traditional test instruments?

15. Is the computer becomihg so important in our society that
its utilization should be specifically identified in course objectives?

In conclusion, the study reported in this dissertation attempted
to gather evidenc_e concerning the educational value of computer-assisted
problem-solving in high school _mathenatics. Though tentative, the re-
sults of the investigation contribute empiri\cal evidence to assist
educators in fheir quest to provide the best}pdssible learning'eﬁvironment
for students. The results clearly encoura{,’.g?“:furthéi‘[exploration of this

important instructional strategy.

& .
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Sample of a Computer Program with Diagnostfic Error Messages from Computer
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COMPUTER PROGRAM USING BASIC LANGUAGE

s TN

EXPLANATION: This program uses the law of cosines,.
) a® =bl + c2 - (2ac) cos a.
o is the included angle between sides b and c. Remember

the measure of the angle must be changed from degrees to
radians before using the function CgS.

10 PRINT "'SIDE", "SIDE", "INCLUDED ANGLE", "THIRD SIDE"
11 PRINT :

20 READ S1,S2,A1

30 LET A = Al * 3.14159265/180

40 LET S3 = SQR(S142 + S242 - 2*S1*S2*C0OS(A))

50 PRINT S1,S2,A1,S3

60 GO TO 20

900 DATA 4,3,90, 2,1,60, 1,1,9, 7.5,7.5,60, 4,3,30, 7,5,45
910 DATA 4,4,35

999 END
RN
COMPUTER RESPONSE
\“ ] I{\ R

STDE STDE INCLUDED ANGLE ~ ~ THIRD SIDE
4 3 o0 Errt 5.

2 1 60 ' 1.73205

1 1 90 ' 1.41421
7.5 7.5 60 . 7.5

4 3 30 2.05314

7 5 15 4.95

4 1 2.40565

35
OUT OF DATA IN 20 '

RAN 0.67 SEC.
READY.
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COMPUTER PROGRAM WRTTTEN WITH ERRORS

\)J/-'\
EXPLANATION: This program uses the law of cosines,
: a” = b" + c” - (2ac) cos «a.

o is the-included angle between sides b and c. Remember
the measure of the angle must be changed from degrees to
radians before using the function C@S. .

10 PRINT "SIDE", "SSIDE", INCLUDED ANGLLE", "THIRD SIDE

11 READ -

20 READ S11,S2,Al

30 LET A = A1*3-L4L59265///180

40 LET S3 = SQR(S1+2) + 5242 - S**SI11¥S2*COS(A)) -

50 PRINT S1,S2,A1,S3 ,

60 GO TO 20

990 DATA 3,4,90, 2,1,60, 1,1,90, 7.5,7.5,60, 4,3,30, 7,5,45
910 DATA 4,4,35

999 DATA END (
END .
RUN
DIAGNOSTIC MESSAGE
\\\“ l | ‘i\
ILLEGAL FORMULA 1IN 10 e
ILLEGAL VARTABLE  IN 11 £ B f

ILLEGAL VARIABLE IN 20 i
ILLEGAL FORMULA IN 30

ILLEGAL FORMULA IN 40

TLLEGAL CONSTANT IN 999

NO END INSTRUCTION
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ACTS .

BILLING
Dearborn Board of Education - April 30, 1970
Mr. Frank Ronan , Page -No. 11
4824 Lois : Invoice No.

Dearborn, Michigan 48126 ’ ,
RE: 265 BILLING TERMS: NET 10

T TERMINAL — COMPUTER
USER ( TIME TIME STORED
NUMBER NUMBER DATE IN IN UNITS
MINUTES SECONDS
Y 60450 MCD APR 28 6.0 70.1
Y 60450 MCD APR 29 9.0 26.0
Y 60450 MCD APR 31
USER TOTALS --- _ 31.0 106.9
Y 60450 " OLI APR 21 32.0 24.6
Y 60450 OLI APR 27 11.0 11.8
Y 60450 - OLI - APR 28 - 3.0 25.8
Y 60450 OLI APR 30 3.0 27.0
Y 60450 OLI APR 31 SN .4
" USER TOTALS --- 9.0 Y 89.2 ]
V.L,J . .
Y 60450  POL APR 23 2.0% » /5.1
Y 60450 POL  APR 27 19.0 16.3
Y 60450 POL .  APR 31 '
~ USER TOTALS --- 210 21.4
Y 60450 RAG MR 7 2.0 3.6
Y 60450 RAG APR 31 )
USER TOTALS --- - 2.0 - 3.6

Y 60450  °  ROE APR22 . . 37.0 92.0
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SURVEY' OF TRIGONOMETRIC CONCEPTS

RN

FORM A

On éhe following pages you will find concepts of mathematics and
their application in problem form. Some of the questions are of the
True - False type while others are in multiple choice form, having only
one correct answer. Choose the one correct answer to each question and
shade in its part on the separate answer sheet.

Read the following examples.

TRUE - FALSE

1. The answer to: 3x + 6 = 0, will be a negative
mumber.

MULTIPLE CHOICE

2. If a=25, what is 5/5 - a? The correct answer is

(1) 1
(2) 5
(3) 10
4) o

(5) Not given
SAMPLE ANSWER SHEET

s

—
-
)
w
I =
| o

Use a regular #2 pencil for marking the answer sheet. If you
erase, do so cleanly. Use the scratch. paper provided for working the
problems. Await the signal to begin. You will have 40 minutes to work

on this survey of trigonometric concepts.

PR
w0, e
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SURVEY OF TRIGONOMETRIC CONCEPTS

7

PART I: TRUE-FALSE

1. The product of two rational numbers can never be irrational.

2. The equation a2 +b =b2 + a is an illustration of the
commutative property of addition.

3. If a<o and b > o0, then ab < o.

4., 472 =+ 1/16

5. 7% =343

6. If £(x) =x? - x+ 1, then £(-1) = £(2)
7. If x=y7, then 4x =7

PART II. MULTIPLE CHOICE

8. Given true statements "a Rb" and 'b R d" where "R is
transitive," which one of the following statements is true?

(1) bRd and dRb
@) bRa
3) DRa or dRbD
4) aRd

il

9. Consider the following equations: I. \’:a}('b +c)=ac+bc ;.
IIA.,/*,(-,x-ijr + w'7§xy~ + w
III$"§d -2+3=2d+1+3d
Which of the equations are identities?

(1) I only

(2) . IT only

(3) III only -

4 Tand 11

(5) I, II, and III
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10. Which one of'thé'fqllowing illustrates the fact that subtraction
of integers\;géggi commutative?

@ 7-2-3#7-@2-23)
(2) 4-4=8-38

»

(3) 6-15#15-6
(4) 4-11=11- 4
(5) 17 - 13=16 - 12

11. The conjugate of the complex number 2 - 3i is
(1) 31 -2
@ 3-20
(3) 2+ 31
4 2

(5) -3

$

1z. Simplify: 1i° =
o -1
@) +1
3 -i
(4) +#
(5) None of these

b

lw
HH
He. 20

13. x* means
(1) 3/4 - x
(2) 3x/4
3 <

@ /<

(5) None of these
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14. A logarithmicfeguation that means the same as 125 = 52 is
(1) Togs3™ 125
(2) 1logs5 =125 L

(3) -logsl25 = 3

I
(93]

(4) log,125 =

(5) ANone of these

15. Arctan V'3 equals
1) =/2
(2) /3
(3) n/4
(4) w/6
S) =

16. Which of the following is NOT the graph of a function?
() | &)

v

@ ®y /.
| (ot -74(/ |

‘0) b
14 s

\{H

N\

(3)
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17. The range of the relation {(-2, 1), (-1, 2), (0, 1), (3, 0),
4, -1, (W\ is R

@ {-2,-1,0,3, 4

@ {-3,-1,0,1, 2}

(3) ‘{all integers}-

(4 {a11 réal numbers} . -
65) {-3, 4}

18. The statement, '"b is directly proportional to ¢ and the constant
of proportionality is n," is expressed mathematically as

(1) b=nc

2) c=n+bd
(3) c=mn +b
(4) b=c+n
(5) b+c=n

19. The expression x - 3 does not represent a real number if
x?- 4
-1 x=3

(2) x is irrational

(3) x=2 Lo _
4 =4 A v : '
4) x ;Qc} Y

(5) x=0 i1 f

e

20. If x represents 3 and y.represents 5, the symbol xy represents
@ 35
(2) 15 ‘
(3) 8 -
4y 2

(5) -2
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21. The polynomial %2 - Ixyz is a
)] bin;mial of degree 2
(2) trinomial df degree 2
(3) binomial of degree .3
(4) trinomial of degree 3
(5) None of these - .
22. Which one of the following is NOT equivalent to p < g?
(1) p+3<g+3
(z) -3p<-3g
(3) 2p<2g
@ p-2<g-2
(5) A1l of them are equivalent
23. Which one of the following belongs to the solution set of the
equation 3 _ £= -2
t
w -3
(2 -2
3 -1

4 o F .
v R
(5) +1 n P! R

Ry
24. Which two of the following equations ,‘Yiage' equivaﬁent?

I. 3x-5=3-5x IT. 3x+5=5x+3

1. Sx+3=3x-5 V. 3 -5=5c-3
(1) I and II '

(2) II and III

(3) I and III

(4) II and IV

(5) I, II, ITI, and IV
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25. {1, 4, f, 1o} u {4, 6, 8, 10} =
@ X154, 7, 8, 10}
(2) {4, 10}
3) {15, 10,-15, 20}
4 {1,696, 7, 8}
(5) {50}
26. Which of the following.is the graph of the set {x: 2x < 6}

(1) <xpeepet————
0 1 2 3 45 6

(2)  ogededed————

0 1.2 3 4 5 6

(3)  <epoepodedsx)——->

2 3456 7 8

() <f—|-grcpocpocpecto

2 3 45 6

(5)  et—t——¢ehechadee
0123456

27. The intersection of sets {a, b, c, d, e} and {a, e, i, o, u} is

) {a, e} 4
(2 {a,b,c,d,e,i,o,ul
(3) {b,¢c,d, i, 0, u}

@) b, c, d} 5 ‘ P
}
ot \“w
(5) ﬂ \-;?n {
28. Dave substituted 3 in place of x and 5 in place of y
equation, obtaining the following: 3 3=2+5- From

this he may conclude

2+y -bl

it

(1) The equatlon isx + 3
(2) The equation is 3 +x=2+y -1 _

(3) The point (3, 5} is on-the gféph of the equation
(4) The point (6, 6) is on the graph-of the equation

(5) (No conclusion possible from given information)

P
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29. The point with coordinates (0, 2) is on the graph of an equation.
Which one of “th& following is definitely not the equation?

Q) x+2=y

(2 B-xP=y+7
3 x2=.y2+6

@ x/2vy/2-1
(5) xy+x=0

30. Which one of the following illustrates that subtraction is not an
associative operation? :

Q) 7-6-2)#7-5) -2
(2) 8-3#3-38

(3) 8-5=5-2

4 (4-3)-5#4+5-3-5
(5) 10-4#10-6

31, 5% = 32, thérefore X must be
(1) ‘between 2 and 3
(2) between 3 and 4

3

(3) between 5 and 6

3

v S
(4) between 6 and 7 . P \ﬁ
_ ;
(5) None of these V,??‘

32. Which one of the following is the converse of the statement
"If the wind doesn't blow, the kite won't fly.''?

(1) If the wind blows the kite will fly.

(2) If the kite will f£ly, the wind blows.

3 If the kite won't fly, the wind won't biow.
(4) TIf the wind blows, the kite won't fiy.

(S)A None ‘of these . - .. =~ . .
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33. Which one of the following equations shows that § is a factor

of 157 5
(1) 15=5+10
(2) 15=5 -3

(3) 5-15=75
(4) 15 -5

10
(5) 15+5

20
34. Consider the numbers 12, -41/9, v 5. Which of them can be
represented by points on the number line?
(1) 12 only
(2) -41/9 only
(3) 12 and -41/9
(4 1z, -41/9 and v'5
(5) None of them"

35. Which one of the following ordered pairs is in the solution set
~of the system? 2x + 3y = 8

x+ y=73
@) ¢, 0
2 4,1
§ . ¢
3 a2 SO
e Ry
4 (2, 1) 2 5

-G 5,0
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\/SU\RVEY OF TRIGONOMETRIC CONCEPTS

FORM B

On i:he following pages you will find concepts of mathematics and
their application in problem form. . Some of the questions are of ‘the
True - False type while others are in multiple choice form, having‘ only
one correct answer. Choose the one correct answer to each question and
shade in its part on the separate answer sheet.

Read the following examples.

TRUE - FALSE

1. The answer to: 3x + 6 = 0, will be a negative
number.

MULTIPLE CHOICE. .

2. If a =5, what is 5/5 - a? The correct answer is

(i) 1
(2) s
(3) 10
(4) 0

(5) Not given v
SAMPLE ANSWER SHEET

—3

v
S
S

e

| o

w
I+
I &

= §-
[

I~
i+
o

Use a regular #2 pencil for marking the answer sheet. If you
erase, do so cleanly. Use the scratch paper provided for working the
problems. Await the signal to begin. You will have 40 minutes to work

on this survey of trigonometric concepts.
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éURVEY’OF TRIGONOMETRIC CONCEPTS

PART I: TRUE-FALSE

1. The sum of two rational numbers is sometimes an irrational number.

2. The equation 5 + /'3 = 3 + /5 is an illustration of the commutative
property of addition.

3. Ifa<o and b <o, then ab > o.
4. x" means x + X + X + Xx.
3 3 3
5. V5 is a symbol for the number such that /5§ - /5 . V5 =75

6. x3 = 10, therefore x is between 3 and 4.

PART II: MULTIPLE CHOICE

7. 97 % equals » ST

@ 1
81
@ _1
-81
(3 -18 \1
@ 3 v |
et N
) -3 ke

8. If f(n) = 3n + 2, then £(3) =
(1) 8 '
2 1
(3) 12 | -
4) 18
(5) 35



9. Due to the transitivity of the subset relation, given A c B and
B < C, one™eafi corclude

(1) AnB=Bnc

2 ANC=g
(3) AcC
4 A=c
(5) A=B=¢C
10. Consider the three equations: I. 2x+3=x2%2+3-x2+ 2
II. a+b=b+a ITI. c?-4d2=c?%2-4?

Which of the equations are identities?
(1) 1III only
(2) 1II only
(3) 1II and III
(4) I, II, and III
(5) . None are identities

11. Which one of the following illustrates the fact that division of
integers is NOT commutative? - :

(1) B:4) 248+ (4+2)
(2) 10 +5#5+10 \

. . Yoo
3 8+1#7+1 _.j,,J .
(4) 6+6=3=:73 ¥ /
(5) 6:3=42:2

12. The conjugate of the complex number 5 + 2i-is
(1) 5i+2
(2) 2i+5
(3) 5-21

(4) 5
Gy +2
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14.

15.

16.

151

(4) +i

(5) None of these

8 2/3 equals
1) 4 |
@ 8+ 23
3 16/3
@) 64/3
) 8 S

Solve for x: logyx = 3
W 3}
2) {9}
(3) 27
() {729}
(5) None of these

N

Arctan 1 equals |
@ w
(2)

=,
R -0

T
2

(3)

u,-_-;

0]

1=

(s)

o=
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17. Which of the‘fbilpwing is NOT the graph of a function?
S~
1 '

i

4

/

2 \
\\g\\ (5)

A

-

/

—

18. The domain of the relation
{('2: 1)’.('1) 2): (Oa l), (3) 0): (4’ "1), (3, '3)} is

@ {-2, -1, 0, 3, 4}
@ 3, -1,0,1, 2}

(3) {all integers}

(4) {all real numbers} *\

(5) None of these }Qu} g, ™~
¢

19. The statement, 'x is directly proportional to y and the constant
of proportionality is a," is expressed mathematically as

1) x=y+a
(2) x=ay

€y
(5)

xy

(3) y=a+x -
=a
y=ax+b
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20. The expressioﬁ x? - 5 does not represent a real number if
\/\K\\ 9
1) x=v/5
2 x=0
3) x=3
(4) x=9
(5) x=5
9

21. If a represents 6 and b representsv Z, the symbol ab represents
1) e2
(2) 26
(3) 12
4) 8
5) 4

22. The polynomial 2x%? - 7x%* has degree
(1) 2
(2) 3
3) 4

\
4) 5 ;:J
(5) 6 , ,3’

23. Which one of the fdllowing is NOT equivalent to x > y?
(1) 5x > 5y
(2) x-6>y -6
(3) - 3x>- 3y ' -
4) x+2>y+2

(5) All of them are equivalent
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24. Which one of the following belongs to the solution set of the

7

~equation 5 o BN 4
x x+3 1F

x-1

@ o
21
(3) 3
4) 8
() -3

25. Which two of the following equations are equivalent?
I. 2x+5=23x+2

IT. 3 +5=2x+2

ITI. 4x +1=3x+ 4

(1) I and II only
(2) IT and III only
(3) I and ITI only
(4) 1, II, and III
(5) No two are equivalent :} :

e N

1 B /

26. {2, 4, 6} U {2, 3,4} =

M {2, 4

@) 12, 3, 4, 6}
(3) 4, 7, 10)
(4) {3, 6}

) {21}
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27.  Which of the fbllqwing»is the graph of the set {x: 5 + x < 8}

@ %ﬂ@@q@mﬁe

345 6 7

(2)  <deugeacherEatoN)——>

5456 7 89

(3) <xpeehachacpadhadhad
-3-2-1 01 2 3 4

(4)  ——1—¢xdpececpace

(3) <

28. The intersection of sets {2, 3, 4,5} and {2, 4, 6, 8, 10} is
@ 3,456, 8, 10)
(2) {3, 5, 6, 8, 10}
3 {2z, 4}
4 ¢
(5) {3, 5} _
29. Which one of the following corfectly illustrates the relationship

between the point P(-2, 4) and the graph of the equation
x2%+ 2y = 122

1) a \ (3)

4 -
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30. Given a poiﬁt-with coordinates (3, 5) on the graph of the equation
x + k =10 , which one of the following is true?

1) kx=-1

(2) (-3, -5) is also on the graph
(3) The graph is a straight line
(4) The graph is a parabola

(5) (-3, 5) is also on the graph

31. Suppose the symbol [<] represents a new binary operation on the

set of real mumbers.” The sentence "@[-]b) [[Jc=a []
(b [-] ¢) for any real numbers a, b, and c" is equivalent to
which one of the following?

(1) [] is a commutative operation.
(2) [-] is an associative operation,
(3) [-] is a symmetric operation.
(4) [-] is an ordered operation,

(8) [-] is a distributive operation.

i

. .. ( :
32. Which one of the .following is the cquggse of\ﬁﬁe statement,
"If it rains, then it pours?" »ES

(1) If it pours then it rains,

(2) If it doesn't rain, then it doesn't pouf.r
(3) If it doesn't pour,.thég it doesn't rain.
(4) If it rains, then it doesn't'pour:

(5) None of these
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33. Which one of ‘th”e/ following equations shows that 4 is a factor of 12?
@ X< g

(2 12=4 .3

(3) 4.12=48
(4) 12-4=38
(5) 12 + 4 = 16

34, Consider the numbers -14, 57 , V3. Which of them can be
. 18
represented by points on the number line?
(1) -14 only

(2) 57 only
8 .

l

ot

(3) -14 and 57
18

(4) -14, 57, and /5
' 18

(5) " None of them

35. Which one of the following ordered pairs is in the solution set

of the system 4x + 2y = o
X+ y=1 °*
| ' ? .
W a,1n Y. %
@ @, o0 b
s
(3 (©, 1) -
4 0,0

() (@, -1
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ALGEBRA-TRIGONOMETRY

UNIT TEST 1

1. If the numﬁer b has two real nEhiroots, we may conclude that
(A) nis odd and b is positive
(B) n is odd and b is negative
(€) n is even and b is positive
(D} n is even and b is negative

(E) None of these

2. The set of real roots of 8x% + 1 = 0 is

e
® (-3

© .{l.’ . %}

D™ ¢
(E) None of these

\ﬁ'
2
pr
3. The set of real roots of 2y* = 18 is
A {91
® {3, - 3}
(C) { /3_ y ~ /3—}
o ¢ | )

(E) None of these

-
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4. The set of’ reai roots of x5 = 25 is
W o
@) {5, - 5}
©) s , /75
@ {775}
B ¢

5. Which of the following camnot be a root of the equation
6x - x?-19x-6=0?

Gy

| =

. ® .

N

©

NFN

o

®

N[O Wi

)
1S

[

e

Pl
¢ X
integral coefficients and having - /°2 as a root?

6. Which of the following is a polynomial,&eqﬂation\?in simple form with

55,

T

W x2-2-
3

(B) 2x2%2=3 _

(C) 3x2=2 -
D) 3x%2+2=0

(B 3x%-2=0
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7. Which one of the following numbers is irrational?

(B)

(C) 1.414
o V-8
(E) 3.142857

8. If P and Q are irrational while R is rational, which one of the

following will always be irrational?

(A) P+R
B P+Q
(© PQ+R
® PR+Q
® R

9. J243)2

(A 3
(B) 6
© 9

) 27 -

(E) 54
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10. 3 /27 in simplé radical form is
\/f\\

7 “
@ 3 g
® %—/‘s;f
© 9,5
® 3 o

(E) None of these

3 -
11. /16x* y'° (y # 0) in simple radical fomm is
(A) xy Vi6y 2

(E) None of these

N

in simple form is ,4;,,)
or e
() 3%/21o~%~/210 )
A )
© /57
525
o 4 )
75

® 2z
.5
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13. Jo64xy” (®x A0y = 0) in simple form is

. ‘; 4xy2

W y/X/w
Iyl

®) 2y /%y
lyl /x

© 7 16x%y?2
D 2x /Zxy?
(B) 4x¥%

14. V45 - /20 in simple form is
@) /5
® 5

D

8] LN

(E) None of these

\\\

| 15. (3+v2) ( /18 -'2) in simple form }s-.i?‘ T°
W 7/2 i
(B) 6
© 9

M 3/18 -2V2

(E) None of these
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16. Which of the foll’opving is true for any real number x ?

@ Sx7=xN
® Jx*=x -
© [/x¥=x

T o IxP= x|

(E) None of these

17. The solution set of x /Y3 - 2= /6 is -
W {/7) |
®) {/2-2}
© {/2+/31}

D) {3/‘2;2/‘3}

(E) None of these

IN PROBLEMS 18 - 20 APPROXIMATE TO TENTHS, GIVEN Y2 % 1.414 and
V3% 1.732

N
e
£ 5 f
18. /Y3 (3-/3) =

(A o

(B) 2.1 N

© 2.2 -

D 3.0

(E) None of these



20.

(E) None of these

V18 - /8§ =
(A) 0.8
® 1.4
© 2.8
D) 3.1
(E) 'None of these

164
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ALGEBRA=TRIGONOMETRY

UNIT TEST 2

1. Simplify: Vs .2
(A) 220

® 231y
© 27

® 7/2F
E 'p7E

2. In exponential form, 3 ¥ 8x %w® =
A) 6x3w?
(B) 24x73w?

© 24x %2

(D) 8x %wh ‘

(E) 8x73w? |
2 4]

S kw*

3. Evaluate 643

(A) 128

®) VI8
© 4 | :
O 16

(E) None of t_he'se
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4. Evaluate (\__ﬂ”’\?
25

W 27
50

(B _6
25

© 3
5

@ 125
. 7

® 27

5. Simplify: 102-%x 10708 : 107045
(A) 10%°3
(B) 103-55
() 10°-°5
'(D). 10195
(E) None of these

.
‘ & 54
6. Simplify: (4% /7) 2
(A) 4
(B) 2
o 2/2 i
® 2”

(E) None of.these
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7. Solve: 7R = 72M-.3

Gy
(B)
©
(D)
(E)

8. State in logarithmic form:

(A)
(8)
©
(D)
(B

9. log,,32 =

(A)

(B)

©

(D)

(E)

TN

{7}

{343}

{1}
{3}

None of these

logs3 = 125

log,5 = 125

1035125 =3

log,125 = 5

None of these -~

)=

tlon oy

None of these

167
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125 = 5°



10. Solve for x;\v%pg§3\= 3

(A)
(B)
©
@)
B

11. Find log
A
(B)
©
(D)
(E)

s M
el .
v

;

{3}
{9}
{27}

{729}

None of these

0.783

0.8938 -
9.7830 - 10
9.8938 - 10
6.07

None of these

12. Find antilog 2.6920

®
®
©
)
(B)

13. If 9¥=
A)

(B)
©
(D)
(E)

14,920
0.8401
0.4301
4.92
492

27, then x =

3

2

2

log 4

log 8 - log 4

None of these

168
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14. Find log sa{ggn;\;\

(A) 4.9456
(B) 4.9459
©) 3.9456
(D) 3.9459

(E) None of these

15. Find antilog 7.4701 - 10

(A) .002952
(B) 295.2
(€) - .006722
. (D) 8733
(E) None of these

| -

16. Evaluate N = (14.7) (0.0451) using 15887 Give'3 significant

digits in the answer.

) .663
(B) .6632
(C) .6633

(D) .8215
(E) .822
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17. Evaluate 52370 ysing logs. Give 4 significant digits in

” 894
answer.
(A) .2120
(B) .2714
(C) .02714
o .275

(E) None of these
" 18. Write the following equation in logarithmic form. 9% = 4
19. Solve for x: 1log (x*?+1) =1

20. Solve for n: logn = log,> * log,9 - logals

1
5

In each of problems 21 - 25 evaluate N é.gus}mg commgn logs. Show your
&
logarithmic equation and all of your work: Assume the data given are

approximations.

21. N = (.721)(.894)

22. N =/ 5133



171

: - (10.85)(.93).
23. N = _(_W‘)_
- s \
5
24. N =/ 08208

25. - 608 v 0 00859
9.484 / 0.0368

26. Solve for n: 3 logn = 2 log 8

ﬁ

27. Solve for x: 5% = 30 (to the nearest hundredth)
(-wf" Ny
crs
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In problems 1 - 3 the coordinates of a point P are given.

M -
T T A S ———
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ALGEBRA-TRIGONOMETRY

position angle for P.

1.. P:(5, 10).
L PGS, 10)

Gy

(®)
©

(D)

- (E)

@

(D)

(E)

Find sin 8

N =

10
/3
5

2

/5

None of tﬁese

Find tan 6

Noneé of theése

UNIT TEST 3

Ea

. "’Nir'%“

‘w‘ k‘;‘;;/"

Let 8 be any



3. P:(-1, 0).

(4
(8)
©
D)
(E)

4. For a certain angle 8 in standard position si

i 173

o .
£

Find Esc 6
0

+1

-1

Undefined

None of these

T

e
4

n9>0andtan9<~.0.

Therefore the terminal side of & must be in quadrant . . .

Gy
(B)
©

- (D)

(E)

5. For a certain angle 6 in standard positheh sec & > 0.

11

111

Iv

None of these

b
et Bvai

the terminal side of 6 must be in quadrants . .

6y
(B)
©

(D)
(E)

I or Il
II or III
III or IV

IVorl

None of these

Therefore



©

(D)

(E)

cot 45° =

(A)
(B)
. ©
®

(E)

Gy
(B)
©

sin 180° =

(D)
- (B

174

None of these

~

AN
ul

SRIE I

None of these

+1
-1
Undefined

None of these



9. sec 30° =

(8
©
)

(E)

10. cos 45° =

®
®
©
o

(E)

11. csc‘270°
Y
(B
(9]
(D)
(E)

175

SRICRINN 3

None of these

(]

1
2
/2
2
/3
3
73
2
None of these ' o
-,
o
0
+1
-1 . ‘ -
Undefined

None of these
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3, 14, 15, 17, and 18 use Table 6 or Table 7

In problems 12, 1 \/’,\

(whichevex: is appropriate) to look up the values.

12. cot 250 37' =
(A) .4781
(B) .4795
(C) 2.086 °
(D) .4745
) (E) ‘None of these

13. tan 6 = 2.115. Find 6.

(A) 64942
(®) 64%2
(©) 64043"
(D) 25°18" \
(E) None of these :‘1}‘ ,
JJ T

14. log sin 64°23' =
(A) .9017
(B) 9.9551 - 10
(C) 9.9547 - 10

(D) 9.6358 - 10
(D) None of these



15. log cos 6 = 9.9720 - 10.

2
®)
©
(D)

T (E)

..._‘.; ;.., A
R . . B
P

2002}'
20028
70°38'
69938

None of these
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Find 6.

16. Express sec 500° as a function of an acute anéle.

- @)
(B)
©
)
(B)

17. cot 260°

(A

®)
@
@)
. ()

+ sec 40°
+ sec 50°
- sec 40°
- sec 50°

None of these

.1763
- .1763
5.671
- 5.671

None of these

18. sin (-4309)

W

(B)
@
(D)
(E)

- .3420
- .9397
+ .3420
+ .9387

None of these-

B

(“

y - ,
. f,,-z}'k o
ik
48 {
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19.

20.

21.

©
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Give exact v%y/esi.’\sin 240° =

@ ,
®
©
)

(E) None of these

B .

Give exact values. tan 150° =

@w .

® .

)

(E) None of these

Give exact values. cos 315° =

(A) +1
(B -1
(Y 1_2_3
o .72

(E) Nome of these . - .. = .
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22. Another way of i:ndicat'ing the direction N40%W is

(A) 040°
() 140°
(€ 220°
(D) 320°

(E) None of these

23.. Another way of indicating the direction 150° is

(A) S30°E
(B) S30%
(C) SS50°E
(D) S50%W

* (E} None of these

\‘% ) . .{' N
}Lﬂ) e
24. Point T has position angle 120° and i§ 14 unit! from the origin.

-

The horizontal component vector of vector or is

(A) 7 right
(B) 7 left
© 7/3w
@ 7 /3 down

(B None of t_hése o




»)

®

©
(D)
(E)

26. Simplify

ey
(B)
©
)
(E)

27. Simplify
A
(B)
©
)
(E)

180

None of these

3v-18 - §/-32

381
- 381
7 /2
-7 /7

“ None of these

-2/ -2+ 3/-32
-24 /2 i

10 /7?3

-48

+48

None of these

e b

w\g,,

»
7
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28. The conjugate of the complex mumber 2i - 3 is

%

(A) -3-2i
® 3- 2
(C) 2+ 3 -
™ -2

(E) None of these

29. 7+ 2i in standard form is . .
" oL Zi r@" -

® 7.,

® ,,

N
Hil g

A

© 147

® 4.7

(3%

(E) None of these

L |
30. 3 - 8i in standard form is ;&z) '7r§
3= 12
W 25 _ 18,
13 - 13+
() . _ 18,
5 ci
© -7_18
13 13 -
® 9 _ 34
5 5t

(E) None of these
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31. The roots of 3x? -~ 4dx + 3 =0 are

Gy
(B)
©
(D)

(E)

a¥

S

None of these

e
g

g s

v\J'/



Simplify:

Simplify:

Simplify:

Simplify:

Simplify:

Simplify:
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ALGEBRA-TRIGONOMETRY

UNIT TEST 4

sec B

1 - cos®

sin B cot B

tan ¢ cos ¢
sin

AQ‘) e
o {
1 - sin¥
sin X

sec B tan 9 cos Q y
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8. Simplify: sin © tan 6 - csc 8 tan 8

State whether the following identities are TRUE or FALSE identities.
9. sinB +cos §=1

True

False

10. sin (o + B) = cososin B + sinm o cos B

True
False ‘ % .
§ : )
;‘;(.; .—;r} N,
£ {
11. sin (-B) = sin B .
True
False

12. cos (-B) ='cos R
"~ True

False



13.

14.

15.

16.

17.

18.

185

;.'1)’
cos (d~B)\=)gg‘s\rci¢cos B + sin a sin B

True

False

cos 20 = cos?a - sin %y
True

False

cos (90° - @) =

|
N
<]
@]
<

£

"True

False

2sinpcosp=2sin2op
"True

False

ju—

cos 8 =

Q
o

True

False



186

Es
) i
2 ?

19. sec?q - tanZa =1,

o]

True

False

20. Prove the identities: cos®6 + sin‘b cos B = cos 0

21. Prove the identities: c¢sc B

soc B = cot B
22. Prove the identities: tan g _ _.
T+ tan B sin ¢ cos ¢

~23. Find the exact value of the following:

cos 200° cos 80° + sin 200° sin 80°

24. Find the exact value of the following: sin 45° cos 75°

25. Find the exact value of the followiqg:ibsinZSSO + cos 238°



19.

20.

21.

22,

23,

24.

" 25.
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sec? g ~tan?a =1

True

False P

Prove the identities: cos38 + sin®0 cos 6 = cos 8

Prove the identities: c¢sc B
sec B

Prove the identities: tan ¢

1 + tan’g

Find the exact value of the follcwing:

cos 200° cos 80° + sin 200° sin 80°

Find the exact value of the following:

= cot B

sin ¢ cos ¢

T

sin 45° cos 75°

Find the exact value of the\ﬁbllowing:iisinzsso + cos 238°
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26. Find the exact\ygli;le;\of the foilowmg: 2 tan 224°
Y : 1 - tan 22'2‘:

(27-29) ‘Shc;lve completely the ‘followin'g triangles using this procedure:
a. Draw and label a sketch of the triangle(s).
b. - State which case is involved (e.g. SAS, SSA) and give the
number of possible triangles.
c. Find one unknown part of each possible otri-angle. (Lengths
should be given in three significant figures, and angles

should be given correct to the nearest ten minutes.)

d. Show all your work.

27. In A ABC, a = 63.0, b = 77.0, c = 58.0

a\
.@5} A
»

OF
28. In APQR, R = 97040', r=27.8, p=30.3

29. In A XYZ, X = 14930', y = 35:0,: x =-15.0.
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{(30-~32) Find the area of A ABC correct to three places.

SN

30. a= 369, b =246, c = 461

31. b =107, c = 118, A = 56°10"

32. A= 39%o0', B = 58°00', c = 15.2

W‘.
.
-

e
5 T
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ALGEBRA-TRIGONOMETRY -

" UNIT TEST §
1. Find the exact value: T
—_— cos T
2. Find the exact value: il
_— tan 17
1.
!
3. Find the exact value: n‘)‘
—_—— sec ( -3
\:z
\%\' )
b
5
4. Find the value to the nearest hundredth:
tan (2.4)  (Use 1Rz 57°18" 1R : goaqy

5. Give the exact radian measure:  270°
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6. Give the exact radian measure: -135°

s

Give the amplitude and period of each of the following functions .

f whose values are given by:

7. f(x) = %cos 2x

8. f(x) = 3sinx

SN
i, g
e k_w,..';f’
,

9. f(x) = sin 4x

10. f(x) = cos mx
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Sketch the graphs of each of the following fumnctions through an

o]

interval of one period.

11. {(x, y): y = 2 sin #x}

12. {(x, y): y = cos 3x}

,‘.'—(""‘f' } | —\:‘w
(e f
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LOGIC AND REASONING

DIRECTIONS:

1. On the separate answer sheet, print
your name, date, and other requested
information in the proper spaces.

2. Wait for further ins,:ﬁmi}ctions‘\.«a
‘Do not turn the pag&fxttil you are
told to do so. )
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© LOGIC AND REASONING

TN pmry

Directions: Look at the sample problems below. Each problem contains
a statement and a conclusion. The statements and con-
clusion$ are given a code as follows:

= means ''is equal to."

> means "is larger than."

< means "is smaller than.'

# means '"is not equal, and so is larger or smaller "
# means ''is not larger, and so is equal or smaller."
£ means "is not smaller, and so is equal or larger.'

Your task is to decide whether each conclusion is always true, always
false, or impossible to definitely determine on the basis of the
statement. _

In the first example below, the statement siays that X is equal to'Y,
and Y is equal to Z. The conc1u51on says that X is equal to Z. Slnce
X, Y, and Z are all equal to each other, the conclusion is always true.
'I‘herefore thé answer space under "T" has been marked.

: T F ?
1. X=Yand Y = Z, therefore, X = Z g 1 I

In the next problem, the statement says that X is larger than Y, and
Y is larger than Z. The conclusion says that X is equal to Z. Slnce
Y is larger than Z, X must be even larger, andithe conclusion is

always false. Therefore the answer space undef "'F" has been marked.

‘;%T\? ?

2. X>Yand Y > Z, therefore X = Z b o 1

In the third sample problem, the statement says that X is not equal to
Y, and Y i% not equal to Z. The conclusion says that X is not larger
than Z. The statement indicates that neither X nor Z is equal to Y,
but there is no way to tell whether X i$ larger, smaller, or equal to
Z. Therefore, the conclusion is uncertain, and the answer space under
"?" has been marked .

5. X#Yand Y # 2, therefore, X > Z n o t]

L
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To make sure you understand, mark the next three problems yourself.

TN T 7 ?
4. X <Yand Y < Z, therefore, X < Z A1 00 0
5. X=Yand Y > Z, therefore, X = Z [ o 1
6. X#YandY # Z, therefore, X > Z i1 0o n

You should have marked "T" for problem 4, "F'' for problem 5, and "?"
for problem 6. Are there any questions?

You have 10 minutes to answer 20 items.
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' LOGIC AND REASONING

14.

RN PART I

1. A>B and B = (C, therefore A = C.
2. A > B and B > C, therefore A > C.
3. A <> B and B < C, therefore A > C
4. A 4B and B =C, therefore A }# C.
5. A>B and B < C, therefore A < C.
6. A#B and B = C, therefore A = C.
7. A<B apd B = C, therefore A = C.
8. A <B and B > C, therefore A > C.
9. A #B and B 4 C, therefore A } C.
10. Aﬁ# B and B # C, therefore A ¥ C —_—
11. A£B and B > é, thefefore A>C.
12. A >B and B #C, therefore A # C.
13. A =B and B < C, therefore A $C

A >B and B £ C, therefore A <C
15. A <B and B #C, therefore A <C \
16. A £B and B #C, therefore A #C T\‘%i " _
17. A >B and B £C, thbrefore A > C. ,;;‘f 7
18. A #B ‘and‘ B < C, therefore A £C.
19. A>B and B £C, therefore A #C.
20. A <B and B £C, therefore A £ C.

ST OP. DO NOT TURN TO PART II UNTIL YOU ARE TOLD T0 DO SO.
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LOGIC AND. REASONING

DIRECTIONS: Problems 21 through 32 on the following two pages refer
to the story below. Read the story and then answer the
multiple choice items, which follow by shading the one
appropriate space with your pencil on the answer sheet.
You have 20 minutes to answer items 21 through 32.

One afternoon at their regular club meeting at school, all of
the members of the Mystery Trip Club of East High School were given a
copy of the following street map and list of directions for getting to
a party at the home of Jane Howard, the club president..

You are to read and follow all directions

in numerical order unless the directions A B C D] E
-specify otherwise. . school
1. Go outside the school bu11d1ng F 6 Hy GC J
to the street corner. K L M N 0
2. If you are not a sophomore, N
ignore instTuction 3 and go Py Q R S T
directly to instruction 4.

WI{E
3. From where you are standing,
- walk two blocks west.

4, If you' are a senior, ignore instructions 5 and 6 and go
directly to instruction 7.

5. From where you are standing now, walk two blocks south.

6. If you are a sophomore, ignore instructions 7, 8, and 9,
and go directly to instruction 10,

Walk one block west. ',

A

8. If you are a senior, ignore instructions %9', 10, :11, and
12, and go directly to instruction 13. f- R

9. Ignore instruction 10 and go directly'i“ic% rinstruc{tion 11.
10. Walk one block east.
11. Walk one block north.
12. Ignore instruction 13.and go directly to instruction 14.
13. Walk one block south. _
.14, If you have correctly followed the preceeding 1nstruct10n£
you are now standing in front of Jine's house. Ring the

doorbell and introduce yourself to Mrs. Howard Refreshments
w111 be served inside.




21.

22.

23.

24.

-

25,
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- LOGIC AND REASONING

Instyuction 3 applies to

LTJ.UOW;D

Sophomores only

Juniors only

Seniors only ,

Juniors and Seniors only
Sophomores, Juniors, and Seniors

Instruction 4 will be read by

w0

Sophomores only

Juniors only

Seniors only

Juniors and Seniors only
Sophomores, Juniors, and Seniors

Jane's house is at location

A.

mEaw

How many

B..

How many

L

M

Q.

R

S

blocks did Seniors walk? . 4
(f

2

3 e

4

5

6

blocks did Juniors walk?’

) a

3

4

5

6

4
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26. Which one of the following points did the Sophomores 1ot pass?

\\jr’f\\

Moo
Tarz2
/’/’

27. How many blocks did Sophomores walk?

hﬁUg‘).UJ>
[« WL IR N)

28. Instruction 9 will be read by

Sophomores only.

Juniors only

Seniors only

Sophomores and Juniors only

. Sophomores, Juniors, and Seniors

OO W

29. Instruction 10 will be read by

L

Sophomores and Juniors only 3 ,
Sophomores, Juniors, and Senio?s.”

A. Sophomores only L S
B. Jumiors only A _ ) v
S: Seniors only. hc} N

E.

30. Instruction 11 will be read by

. Sophomores only
Juniors only
Seniors only
Sophomores and Juniors only
Sophomores, Juniors, and Seniors

MEOw >
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31. Which one of the belpwing points did none of the students pass?
\X’\

.-

mEOowW>
2HRIODO

-

32. Instruction 13 applies to

A. Sophomorés only

B. Juniors only

C. Seniors only

D. Sophomores and Seniors only
. E. Sophomores and Juniors only

STOP. DO NOT TURN TO PART III UNTIL YOU ARE TOLD TO DO SO.

e k,_—';'
=

P
. -
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LOGIC AND REASONING

DIRECTIONS: In order to answer questions 33 through 37 you must first

follow the instructions below. Follow the instructions

in numerical order unless directed otherwise. Whenever
you are directed to write a number in a box, you are first
to erase whatever number is already in the box.

You have 10 minutes to answer items 33 through 37.

1. Choose any one of the mumbers of the set (7 11, 19) and
write it in the box labelled I.

2. Multiply the number in box I by two, and write the answer
in the box labelled C.

3. Subtract 4 from the number in box C, and 1
write the answer in box C.

4, If the nunber in box C is greater than 8,
your next instruction is instruction 3.

5. Subtract 1 from the number in box C and
write the answer in box C. C

6. If the number in box C is positive, your
next instruction is instruction 3.

7. Stop
TRUE or FALSE? With your pencil, shade the appropriate space on the
answer sheet which best corresponds with your answer.
33. If a person chooses 7 in instruction 1, the mmlber in box C when
: he reaches instruction 7 will be 0. Vo
ket
34. Ifa persbn chooses 11 in instruction vl} the numlﬁer in box C when
he reaches instruction 7 will be 9.
35. If a person chooses 19 in instruction 1, the number in box C when
he reaches instruction 7 will be 25.
36. Regardless of the mumber chosen in instruction 1, the instruction
3 will be executed exactly three times.
.-37. Regardless of the number chosen in instruction 1, the 1nstruct10n

5 will be executed exactly twice.

WHEN YOU HAVE COMPLETED PART IIT, CLOSE YOUR TEST 'BOOKLET;
YOU MAY NOT RETURN TO PART I OR PART II.

EN
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ANSWER SHEET

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

[]
[
[l
1
(3
[

.1
)

(1
(1
1
[
[l
[l
[
[l
(1

1

(J

[1
[]
[]

11

[
1
1

[

(1

[

[
1
[
(
[
[
[l
[l

T

[l

[l
[1
[
(
0
1
[1

[

1

-

]
(]
[
1
]
(I
{1
[l
[

[

21.
22.
23.
24.
25,
26.
27.
28.
29.
- 30.
3.
32.

1
1
[
(1
[
[
]
[
(1
(1
[
1

[
]
(]
(1
(]
{1
1
[
(]

[

(]
B

0
¥
]
[
(1
]

i

[
t
[
f1
{1

33.
34,
35.
36.

38.

t1
(
{1

1

[
(1

0

{1

(1
[
0
t
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COMPUTER-ASSISTED PROBLEM-SOLVING |

TN MATHEMATICS

STUDENT OPINION INVENTORY

P

INSTRUMENT A
e
Name of Student: ) Date:
Boy: Girl: (check one)

Grade Level:

INSTRUCTIONS: Please circle the response which best describes your
feelings.

1. T 1like mathematics.
a. Agree

b. Don't know
c. Disagree

2. I like using a computer to learn mathematics.

a. Agree ‘
b. Don't know . \ -
c. Disagree ' o I o P
I
ers 1

3. Using a computer helps me to understand mathematics.

a. Agree -
-b. Don't know
c. Disagree

4. Using a computer has increased my interest in’ mathematics.

a. Agree
b. Don't know -
c. Disagree
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5. In addition to mathematics. I would like the opportunity to use a
computer to learn ject-matter in other courses (for example:

social studies of sciehce).

a. Agree
b. Don't know
c. Disagree

6. I have a better understanding of the computer because of the
opportunity I have had to use a computer to learn mathematics.

a. Agree

b. Don't know
c. Disagree

7

“» i.,_x/
!

S
mw ‘.%-\
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COMPUTER-ASSISTED PROBLEM-SOLVING

TN MATHEMATICS

STUDENT OPINION INVENTORY

INSTRUMENT B

Name of Student: Date:

Boy: Girl: (check one)

Grade Level:

INSTRUCTIONS: Please circle the response which best describes your
feelings.

1. I like mathematics.

a. Agree
b. Don't know
c. . Disagree

2. I would-have liked to have had the opportunity to use a computer
to learn mathematics. this semester.

a. Agree
B. Don't know Y
s ¢. Disagree ‘ i

Y ~ P

ﬁfJ Ny .

3. Using a computer would have helped me tofuqtter unﬁerstand
mathemdtics.

a. Agree
b. Don't know
c. Disagree

4. Students who used a computer to Teatn mathematics thlS semester
had an advantage over me. -

a. Agree .
b. Don't know
c. Disagree
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If T take an additidnal mathematics course I would like to use
the computer imth€ tqurse to learn mathematics.

a. Agree
b. Don't know
c. Disagree

I would like the opportunity to use a computer to learn subject
matter in other than mathematics courses (for example: social
studies or science).

a. Agree

b. Don't know
c. Disagree

.
&
\ .
N
P I
¥ -
¥

~
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