
ED 060 649

AUTHOR
TITLE

INSTITUTION

SPONS AGENCY

REPORT NO
PUB DATE
NOTE

EDRS PRICE
DESCRIPTORS.

DOCUMENT RESUME

EM 009 690

Summerlin, Lee
A Feasibility Study of Tutorial Type Computer
Assisted Instruction in Selected Topics in High
School Chemistry.
Florida State Univ., Tallahassee. Computer-Assisted
Instruction Center.
Office of Naval Research, Washington, D.C. Personnel
and Training Branch.
TM-39
26 Jul 71
43p.

MF-$0.65 HC-$3.29
*Chemistry Instruction; Comparative Analysis;
*Computer Assisted Instruction; Conventional
Instruction; Educational Research; *Feasibility
Studies; Instructional Innovation; Program
Development; Program Effectiveness; Science
Instruction; Secondary School Science

ABSTRACT
A study was performed to determine the effectiveness

of short-term, tutorial-type computer-assisted instruction (CAI) in
selected topics in high school chemistry. To determine CAI
effectiveness, post-tests specifically designed for this study were
administered at the completion of instruction and sixty days later.
Control group students generally performed 20% higher than did CAI
students on both post-tests. The CAI group, however, appeared to
learn twice as fast, completing the chemistry program in from
one-third to one-half the time required by classroom students. The
increased learning rate called for self-pacing and meaningful time
usage not ordinarily encountered in traditional instruction; students
in CAI felt challenged to productivity. Students were favorably
impressed by computer-assisted instruction in general. gu
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Tech Memo Series

The FSU-CAI Center Tech Memo Series is intended
to provide communication to other colleagues and interested
professionals who are actively utilizing computers in their
research. The rationale for the Tech Memo Series is three-
fold. First, pilot studies that show great promise and will
eventuate in research reports_ can be given a quick distribu-
tion. Secondly, speeches given at professional meetings can
be distributed for-broad review and reaction. Third, the
Tech Memo Series provides for distributionof pre-publication
copies of research and 'Implementation studies that after
proper technical review will ultimately be found in profes-
sional journals.

In terms of substance, these reports will be concise,
descriptive, and exploratory in nature. While cast within a
CAI research model, a number of the reports will deal with
technical implementation topics related to computers and
their language or operating systems. Thus, we here at FSU
trust this Tech Memo Series will serve a useful service and
communication for other workers in the area of computers
and education. Any comments to the authors can be forwarded
via the Florida State University CAI Center.
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A FEASIBILITYSTUDY OF TUTORIAL TYPE

COMPUTER ASSISTED -INSTRUCTION -IN- SaECTED TOPICS

IN HIGH-SCHOOL CHEMISTRY

Lee Summerlin

ABSTRACT

There are no adequately tested, tutorial-type CAI programs

cur..Intly available at the high. school. level in, chemkal education.

The problem selected, for. this- study was to determine-the. effectiveness

of short-term, tutorial-type. computer-assisted nstruction in selected

topics in high school chemistry... To determine-CAI. effectiveness,

posttests-specifical ly designed. for this study- wereadministered

at- the completion of the, study and. 60 days. later-.- Control group

students generally- performed-20% Mgher-than did-CAI students on

both posttests.: -The CAI -student.group,-4iowever.,--showed-approximate-11;

a 50% time-savings-over rad44iona4.instruction... Most CAI group

students- were. able to.complete. the-chemistry- program n from one third

to one. half time required-by- classroom- students.:.. TheAncreased learning

rate cal 1 ed for sel f pacing..and-meaningful..Vme.-usage-mt ordi nari 1 y

encountered- in trad4tiona4-instruct4on.; students 4nCA-I-fel-t chal 1 enged

--to- productivity, Student interest. in.-CAI..was highi and student

attitude. toward. CAI was-generally favorable.
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A FEASIBILITY STUDY OF TUTORIAL TYPE COMPUTER-

ASSISTED INSTRUCTION IN SELECTED TOPICS

IN HGH-SCHOOL CHEMISTRY

Lee Summerl in

Computer-assisted instruction has been, advocated- by.idany educators

as a valuable tool for facilitating. I earn.4.ng.. Some. educators even con-

sider. CAI to be. the u.ltimate. n.ind 1.dua-Liz.:ng. instruct-ion, a 1 1 owing

the student. to rece-ive instruction-4n a, mean4ngfu.l. sequence tailored to

hs own-abil ty. leve.1-; -More- 4mpertant., perhaps, :is, the- fact. that students

'can progress- at their own- pace with CM.

A survey of the.-1 iteraturc. :):ndicates- that- computer applications

in science instruction- have, generaAy-fo1 lowed three paths. The first

the use of-the computers, -in-the laboratory.,. of- prime, advantage since

the computer, is. a- sophist-icated.-problem-solver:-.. Second.,. computers are

used for grading, usual ly laboratory 'unknowns -(Smitb- & Schor, 1965;

Chappel & Miller, 1967.;-. Young-, 1969) . .The-thi rd.. appl icati on , computer-

assisted instruction-,-,is. an-inadequately tested area-with a noticeabl e

absence- of effective,CAI,-programs,- especially ;I- the--area-of high school

chemistry.

CAL-in chemistry. Walter D4-ck..-(1970.) reported 74, existing CAI

programs,- grades, -12.1. currently, operative-in-public schools and under

development at various- research:tenters.- these- programs reported,
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however, 9, only one was in the.. area- ef gh-schoo I chemistry.b. Of the more

than. 300-CA.I..programs. listed by.,ENTELEK,. only. eight-are. in chemistry.

. . Most. of the sign:114cent. studies. in- CA.I.,.ini-chewlstry. are underway

at. major. universities., rather, thanin. ,publ school s..cr. publ ic school

systems (Dick, 1970)... The only, public..school -system. reporting signifi-

cant CAI in. chemistry- is-Montgomery-County,. Maryland,.....Major emphasis

in..the Montgomery .County. PROJECT. REFLECT.-.(PROJECT. REFLECTI. 1969a, 1969b,

1969c., 1969d).; has..been. dr:Pl.-and practice, or...simu.lati on programs in

writing, and. balancing. chemtcal-equations.i, using-okidation potential

tabl es 9. and computing. acid-base titration .

The. only. other 1341n4f4cant-efforts. at. using CAI-4n high school

chemistry. are those. of.Project LOCAL.9.-a-demon6tration, program uti 1 izing

resource .. material s. (Slagl e 9.19694.i-and-Schowalter.ts. CSE.- (Schowal ter,

1970) .program... CAI-in-chemistry f4nds- somewhat.4der .appl i cation at

the college. level.,..but,,few, 'of-these-. programs-are-of- the..tutorial type.

Several reasons-can be-griven-to partially account-for the lack

of. data regarding. CM prograpns..fn chemist4'y...444,st., 4n.,order to obtain

an adequate-sample for..a. computer 4nstruction study.,. some accepted pro-

cedure- such- as. pretest4ng.-or.randomization-must. be. used.,. It is diffi-
cult o, randomly. assign students in. a. public.,school.tfor. an..experimental

program.; such. hi gn..r ak researcheis..generally.-not condoned in such

pl aces .. Secondlylvm4ny, CA exper4mente, inrchem4 stfyriere.. performed i n

unreal s4tuat4 ons 4n-a-recent- atudy,requ4r4ng.4he. CM students to

-meet- from, 6P10 the-contrel, groupoattended.'regular lectures

(Castleberry 4.1:agowskto-awo)54,..Thirdly.i. most ex4st4ng.-CM. programs can

be completed. in. a. very.Ihort period,-of -.is. most, difficult to

properly -evaluate programs. of. rsuch-short, durat4on... Fourthly, most
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exl sting CAI chemistry, programs are--used..to'supplement the regular

chemistry. program-, rather, than replace-it, Finally,. since- they are most

often used- as an adjunct, to the.. regular, chemistry-program, most CAI

chemistry- programs are-. not..,"tutorial " in nature.

By far, the. largest. number of CAI- programs- are drill-and-practice

in design. These usually. alow the-student- to. develop such skills as

bal ancing chemi cal equati ons., wri ti ng-chemi ca I . formul as-5. etc . , general ly

utilizing .the computeras-a tireless. tutor. Tilre- is a need, both as

a means for adequate evaluation-and as. a. contribution, to the 1 imited

field of CM knowledge5 for appropriate. tutorial, type. CAI programs in

high school chemistry.

Research Objectives,. Recognizing this serious, lack of research

and development, this. study. conducted. at the. Florida- State University

Computer-Ass i Sted Instruction..Center- determined. to. ascertain the effec-

tiveness. of a. tutorial-type CAI-program-4n high- schoolchemistry, as

measured by-a, suitable-posttest.- Secondly-5. the- study. prepared and

evaluated a block of CAI. material which. couad. then-be. made. available for

use in other high-school-s-.- Since-there-are-no-adequately-tested, tutorial -

type- CAI programs. currently- hopefully. this, would make a sig-

nificant contribution to-chemicaleducation at-the high..school level .

Thirdly., the, study, examined- degree,of-retention- ai-ter- a- 60-day period

-between those students. receiving, theirchemistry -instruction via CAI and

those students receiving instruction 4n the same topics in a more tra-

ditional manner.. Finally-,- the. studyequalitatively- estimated economy of

time use for CAI as-contrasted- with usual- classroom. instruction, and

assessed. student- attitudestoward- CAI as a. method. of ;instruction in high

school chemistry.
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Null hypothesis-. Nul 1.--hypotheses are stated s only for that

portion of the study. for which quantitative data can be recorded.

Hypothesis. 1.: There .. wilTh be-no,-difference between mean score on a post-

test of students receiving. chemi-stry .instruction.via.-CAI-and students

receiving nstruction in. the.. same material in. a typical classroom manner,

when the posttest is given immediately- after compl-eti.onof the project.

Hypothesis. 2: There. will, be-no difference betweenthe mean scores on a

posttest of-students-receiwing. chemistry ;instruction via- CAI-and students

receiving instructon in.the. same material in. a. typical- clasroom manner,

when the posttest is. given.-60. days, after, completiom of the project.

The- Ret.. rch Design

Campbe13. and Stanley, 0.968)-c-design, number- was- sel ected for

this study. A: posttest contro;!. group des,Ign.,. this- does not require

a pretest , but assertsthat the-most. adequate -afl.-pwpose- assurance of

lack of initial biases- between-groups. dis-randomization,.. It- was felt that

a pretest on. the,chem4cal topics, covered in the study. would. have severely

limited. internal and- external val idity-of-the. experiment due to the

testing effect. Without- a pretest,. it. was possible.to. avoid the "give

away" repetitions oft identical. or.. highly, similar-unusual-content, and to

control. internal and external validity.

Randomization, of students.. A, stratified. randomization of

students was achieved-by listing all. students.,. by- class period, in

decreasing order. of performance. on the mathematics and, science portion

of standardized. tests-previously, takerk, - These scores, were furnished by

the guidance. office of, the- University. School- at Florida. State University.

Random samples were then- drawn- from each, groupy using a tabl e

of random numbers .(Turney, and. Robb, 1968).

10
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Posttest design,. An-adequate-posttest-,-;Apith established relia-

bility, was-not available-for-use- w4th this. study.--ams, a posttest

was constructed by-se3 ect4ng appropriate-test-items- fram- a-collection of

standardized high school-chemistry-tests. Selection-oftest items was

made-from the. following-examinationsi-ACS.-NSTA-Cooperative Examination

in High-School Chemistry- (1959, 1963-, 1965-i-1967-i-1969)-i -Anderson-Fisk

Chemistry Test 4196641-and-GHEM-Study Achievement-Test -(1963-1964, 1964-

1965)-; From-these-tests-i-120 appropriate-items-were extracted. After

checking for duplication-in-questions,-inappropriate-or- inconsistent

nomenclature and-terminologyi-and-obsolescence1-60- items-were selected

for-the-first posttest, -This examination was prepared-4n two parts,

each part consisting- of-30-items,..Of the- remaiming-items,.35. were selected

to be used as-a second posttest to be-given-60-days-after the study.

Procedur&.-- Since-suitabTe-CAI-programs,-of- a- tutorial type,

in high-school chemistry, were-not-available-,- the.first task was to prepare

the programs-to-be used-w4th the study.-- For- this-project, the following

topics.in.chemistry were selected:

1) Structure of-the-atom (quantum, mechanical model).

2) Chemical-bonding- (4onic,-covalent, van-der- Waals, hydrogen)

and- molecular. architecture.

These topics were-chosen for several,reasons-. First, these

include-the-topics- which-seem-to-give high- school, students the most

troublei probably-because-they involve abstract and theoretical concepts

which-students-are-often not able to handle. Secondly,-these are topics

for which entering behaviors,are. easily determined;. that is, students
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corning into. chemistry, usual4y--have-,no-understand4ng,- or- at best vague

misconceptions.,- of- thesc concepts:- is--difficul t to approach

these topics from- a- laboratory-centered- approaeh-.-- Topics that were

best, taught using..a. laboratory- approach, were-net - included. -in this study,

in. order not- to. risk. a,..deemphasis-of-the-laberatory--aspeet. -of chemistry.

The topics were chosen- alse. tecause. they.lend-themselves easily to a

tutorial, approach.,. and- they- provi.de, a. sequencing of-ideas of suitable

1 ength- for a CM- program .--.The-total- cornputer- program.is.availabl e on

tape. from the CAI. Center's-Florida. State Un4versity-9. Tallahassee, Florida .

For. each. majors concepts. terminal- objectives-were determined.

Learning-hierarchies-, as proposed. -by. -Gagnè 41968.)-were-then es tabl i shed

to lead the student-to-the realization- of-the- stated objectives. A task

analysis- was. then. performed-to. determine.,. in- behavioral- terms , the skills

which the- student. must possess; or acquire-, in--order to-progress through

the hierarchies- and reach-the.,terminal objectives.... This, approach was

taken. with. each major- topic included-in- the- CAI. program.., . The hierarchies

for- these concepts., the-quantum.-mechanica.l. medel.for. atomic structure,

and chemical bondine,. andthe--task, ana:lysis- for. reaching. terminal objec-

tives- are,gi ven in Appendix A.
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Des,ign.ing.-Course- Material for CAI

. Several features,- were,fau i2ft, into-.the -CAL-pregram..to al 1 ow the

student to pogF.-es.s .. at.. bis, As-extens4ve-opportuni ti es

for review,- two, mehods- wei=e-used-to- present-review-material to the

student, The computer-ceuld- make-this-decis4on i-based...upon the number

of incorrect. answers..g.iven-to-a sequence- of guest-ions ....,-Each time the

student entered- an- ncerrect. response.? .he- was-given-additional or

supp:i ementary Infcycret-?.on, afIdaasked- 0 vy Or-,. the-computer may

have el ected.-to etur h.im to. that part.- of the-program whi ch his

responses j. ndl cate- that understand,- he..continued to

enter- in:Iton-ct- responses to. the- same- questlon.,. he. was.- either directed

to- a- reading ass-ignment. o data tab7e.,- etc-- or else- he- was given the

correct an:iwer- and- c-:41t..,:nued. -in- the program.

. The st4.;dent. cou;:d- also. e4ect After each series of

presentations by. the- c ile student- was- given, the option of

reOewing. or- convi.nu..;ng.......1:f. he. el ected. to- r.eview.,. he-was.- given suppl

mentary. informaton,. explanations,rus.ing a- d,ifferent, approachv or a summary

of material, presented. to that po-int.- The- student,.most- often elected a

review.. by -simply touching. with-his-light 7en-the -word,REVIEW-as it appeared

on the terminal screen.

- The- student also. had- an opportuwity- -to .be,-branched..4nto an advanced

track,- If -his responses, were. consistently--correct.,,- the-computer coul d

elect to, branch- ahead,isk4pp.ing much- l..materi al . If he

later inch cated- a deficiency,- in, the-areas he sk4pped-, he-could be branched

back.
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When replying. to-the-students I responses-,. every effort was made

to protect. hi s. ego, Rather, than-,sharply -.replying . NO.- or- WRONG when he

gave- an- incorrect responsel he. was-asked -to-give, the-question a little

more- thought., study--suppl.ementary-material--, and try- again, - More emphasis

was given- to rewarding , for-correct answers .

Extensive use- wasp-made-of-computer-drawn. graphics.: These were

displayed- on- the- screen.-of, the-student 's..terminaL... Graphics were used

to il lustrate, doubl e-and. -tri ent. chemi cal- bonding, electron

transfer,. electron dot structures-, geometrical, shapes of. chemical compounds,

electron orbitai..overlap,,. formation,. of, ion4c so-Lids from atoms , etc. The

students could-elect, to- repeat, these. graohics-any. number of times.

Preparation, of...supplementary material s Materials designed to

supplement- the CM, program- were- e- fl ip-pad- and- a- kit- of- model -bui 1 ding

materials. The. fl ip-pad. was a-30-pa.ge. 5". by 7." booklet- containing charts,

photographs,. graphs-, data. tables.,- etc.., for the- student's- use with the

CM program.., -Material used- in, the--P-ip-pad, was, taken, from the text

used-..in the chemi stry-cour se, 4.Chopp;in.; 1970) The-same- material was

available to the- control -es well, as- the- CAI students,, Much of the

material in the- flip-pad- was- displayed-on- the- student's- terminal screen

al soi- however,- the- computer would- refer the- student- to- the- fl ip-pad when

it- was necessary-for. him -to, study-or-examine- certain:figures over an

extended- period of time.

Each student was also, given a- shoe-box filled, with styrofoam

spheres- of various-sizes-and- pipe-cleaners-for, connecting them. The

computer-directed the- student- to, buil d-styrofoam-model s..to- show various
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ionic packing arrangements-and- Offerent..atom4c-and, maecular structures.

The student was.also referredto-large, classroom-Oze,models, and directed

by the computer, to compare.these,with-those.he,had, constructed. If the

student had-difficulty building,anunderstanding the-models, he could

elect-to-review,,,and the,computermwould- take-him-step-bp-step through

the model build4ng exercises:. A.arge,,-classroom-544e models-were borrowed

from the chemistry-department- at- Flor4da.State-Univers4ty-to be used by

the. CAI students,- A.duplicate-set,of,mode4s-was.made-ava4lable to the

control group-of students.

Codi.n--and-va-111-theiluteJr-ro,ram. The-entire program

was outlined uslng.IBM,1510,aisplay4Tannirg,Gu4des,..-The,,computer was

dtrected-to. accumulate- the,foflowtng-datac.,-ea- student: student

ident4fication.number-and,tervinadeatWcat,14on--number; date; each

response. entered. by-the.studentafencyttme ,requAred by the

.student-to-respond..to-ther-computer; tot#-Y:nistber-of.-ocrrect answers;

-tota71- time stoient -spent-at-the-terminal; and-anyother response

the student typed.-into-the-termi.na.1after-he was-usigned-on." Arrange-

ments were also-made to-obtain-a-computer-generated-listing of this

data for each .studentv This provided a-permanent-record-of student per-

formance for later-data analysis.

Conducting-the experiment: -A-total-of-110,students from the

University School-at-Florida .5-tate-University-were involved in

the-study. -They were-ranked-by-class-according-totheir academic

ability, divided into-upper-and-lower-50%4 and-then-randomiy assigned

to treatment and-control-groups:, -A ,table:of-random numbers-was used for

selectingstudents-one -day Trier-to-beOnnifig-the-study-tWyatt & Bridges,

1967).; There-were 58 students-*n-the-treatment-group-and 52 students in

the control group.

_ 15
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In order to verify that randomization had produced two similar

groups of students, the following procedure: was used. Since the

beginning of the school. year, a II students had taken. a. total of six

examinations. in chemistry,. These exams were- mul ti pl e-choice, consisting

of 25- itemse,- required- one, hour for completion, and, were,taken from Tests

for. Chemistry- (Jackson- and: Summerl in, 1970)... All. student answers had

been recorded on. IBM. 503- answer.-sheets and filed:- -After students

were. randomly assigned to control. and, treatment groups, these six

examinations were sorted, into control and. treatmentgroups. They

were then item-analyzed and- test-analyzed by- computer... None of the

six, examinations, showed' a significant difference at- the .05 level ,

between the scores-of-the studentsrandomly sel ected, for the control

and. treatment, groups, as measured by a ser,ies of. -t-tests...---Thus, it was

assumed- that- randomizat4on had produced. two. groups of students

with similar academic abil ity

All students-int the-CAI-group were- instructed to report

directly to the CAI Center, daily- during. their- regular chemistry

period for. the- two week-period- of the- study.- - They- were a 1 so tol d

that. they could- spend, as,- much- additional, time. as they wished on

the, program- .(during, their, free- perieds,,- after school' etc.) They

were instructed not- to return- to. their. regular chemistry.- class during

this period. Once the, CA-I- students began their- work-, they had no

contact- with the-regular. chemistry. teacher. unt44-- they returned to

class at. the- en& of he. study,. -There- were no absences in the CAI

group- during the study; , all CAI, students completed the entire

program.

16
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As each student-compl eted the 'program,. he--was-.-given the post

test-. Al 1- questiens on-the-post- test -were- of- the-mul tipl e. choice type,

and the- student. selected-kis- answer-using. CRT ..-1 ight-pen The exact

response- of- each- student-to eac-h-questian- was-recorded-by- the computer

for 1 ater-data-analysi-s w The CAI students ,were,then.-asked to compl ete

an- attitude- survey. This survey-, developed specifical ly for CAI , is a

40 item- questionnaire-Wm./43,- 19674.--Each question on-the questionnaire

concerned CAI- or the student in -relation tos and provided five

choices- on- a Likert-type, seal e, from,which the- student- selected his

response.

In- order to. minimi.ze? the- Hawthorne Effect., the- control group

of- students were- tol d- that- they,- too,. woul d- have an opportunity to

work- with the computer, -. but that- the other group.- would "go first" .

All students- in the control group were- taught. the, same material

covered. in the. CAI- program. T.he- material. covered- with the control

group- included. chapters 12- the- -student 's text,

Chemistry- -(Choppin , 1970) .

Teaching was-flone- An an- ;informal? -lecture-discussion styl e,

typical of. teaching, style at-the high-school- level An overhead

projector was used to, project-visuals usual ly used, when? teaching these

topics. Extensive- reference was -made- to, large.classroem- models illus-

trating various. types..of-erystal -structures-,- orbital structures, and

geometry, of molecul es?. - films.-were used-and.- no. laboratory work was

performed during- this period.



I 2

Great care was-taken to present-the same material to all

classes. -Audio tape-recordings-were. made for each class, each day

of-the study, to provide a-permanent record of material.covered with

the-control group-of students.

At-the-end-of the-13th--instructional period for the control

group,, all control group students-were-given-the,same post test used

-with-the CAI group., Answers fromk60. item-post test, given. in two parts

over a-period of two days, were-recorded-on IBM 503-answer sheets for

computer grading and item analysis: All. control group students spent

three. weeks covering-the-same material 4ncluded in the-CAI program.

Results and Interpretations

After-completion of the experiment,-studentanswers were

transferred-from the computer-print-out at the-CAI Center to IBM

503-answer sheets for computer grading and-analysis. Answer sheets

were coded-by student,number and-were-subm4tted together-for computer

grading, item analysis,4.and-test analysis.

Student-achievement.--Table-I.summarizes the-computer generated

,data-on performance of the CAI and-Control groups of students on the

-post-test given immediately-aftercompletion-of the study.

TABLE I

Control
Post Test 1 Data

CAI Group

-Number of Students- 58 52

Mean Score 20:66 24.19

Standard deviation 6,.49 9.36

KR-20 Reliability .85

t {from t test) 2.27
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Since the- t test- for the significance of the, difference between

means. assumes,equal ity of variances, a test for such, significance was

performed. The difference- between -variances: was not significant at the

.05 1 evel .

The-cal cu-iated group difference t- ratio. was- 2.27. Since

the sampl ing distribution of the difference X
1

-X
2

for a sample

this large wi 1 1- be- very close to a normal distribution, a t value of

1.96 is required for- significance- at the. ..05. confidence. 1 evel . Thus ,

the- data- suggest. a difference, between means wMch- is- statistical ly

significant- at the .05 level .

Computer generated values, of 87- and- wersedetermined for the

reliabil ty- of- the- post- test- taken by the CA1 and, control- students respec-

tively.- Rel abi 1 i ty was measured by, the. Kuder-Richardson Formul a 20

.(KR.20).

Sixty- days, after- compl eting the, study , a second post test

was administered- to al 1 students.. All answers were recorded on IBM

- 503. answer sheets and- these- were a Ise- machine- scored . A computer

analysis of this test is- given in Table 2.

TABLE 2

Pest Test 2 Data

Control
(60,days, after study)

CAI- _Group

Number of students 58 501

Mean score 10,66 12.62

Standard deviations 4.64 4.64

KR-20 Rel iabil ity .69 .67

t (from t test) 2.15
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Using the same procedure- previously described, a tr test 2.15 of

2.15., was obtained for- this second post test. This ind4cate&-a significant

difference- between the- mean scores of the two groups at the . 05 confidence

1 evel KR-20 rel i a bi ty was 69 znd 67 for the treatment and control

groups3-respectively. H!wever, it-should.- be- pointed-out that this

rel iabil wel -within- the -acceptable- 1 imiti. -Al,se, the second

post- test- consi sted- items-, whereas the- first- post- test contained

60 items . Since the- number- of- test- items-4s- a signi ficant factor in

determining- the- KR-20 rel these val ues- are- wi thin acceptabl e

range.

- Results. . Nui 1- Hypothesis--k Based- upon- the data , Nul 1

Hypothesis. 1 is rejected--at- the -.05 -1 eve I The- mean score of the

control group. is. sign4f4cant-4y higher., than- the- mean. score of the

CAI group.

Null Hypothesis, 24, - Data-suggests- rejection of- Null- Hypothesis Z

at, the 05 level.. The-mean, score-of the- control-- group, /is significantly

hi gher.than, the- mean- score-- of, the CAI group.

Student- economy- of- time.. n, order-- to- prov4de- further data

to be, used-in -determi-n4ng- the 4eas4bil.4 CM- in- chemistry at the

high, school evel a-- time-stucty- was- conducted. in conjunction with

the project-. -The. amount- of- time required-b-y- each-student to compl ete

the- CAI, program-,- and.; t he,number- of,cor rect- answ ers.- recorded: for each CAI

student- during the- p.togram- was- stored- by- the computer-as the student

progressed, in- the CM program - Theses data- are- presented in Tabl e 3.

1
During this 60 day periods,- two students- 441 the control group
transferred- to- another school .
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TABLE 3

Terminal-Time-and. Number of Correct
Responses, for-Students in CAI Group

StudentrNumber Number of-Cerrect Total
Respenses- Terminal Time

(in minutes)
R404 347 408
R104 340 232
R301 287 683
R210 251 862

R107 226 264

R101 222 396
R212 219 855
R603 204 425

R201 198 287

R209 195 765

R602 195 768
R204 191 276

R102 181 235

R608 173 235

R307 172 236

R402 159 259

R407 157 351

R306 151 499

R401 148 331

R605 148 209
R302 147 274
R206 138 270
R108 133 266
R409 121 340
R501 120 198

R303 115 232
R502 113 192
R601 112 235
R103 110 290
R105 110 269

R607 109 224
R604 107 220
R106 104 218
R609 104 199

R504 101 210

R203 96 276

R606 92 260
R202 89 262
R208 87 789

R408 84 255
R207 82 724
R406 75 244
R506 74 198

(continued)

- 21:
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Student Number- Number of Correct Total
Resporses Terminal Time

(in minutes)

R305 73 228
R503 68 198
R405 45 333
R304 36. 200
R403 34 530
R505 29 205
R211 25 864
R205 19 192
R109 12 201

R507 12 223

Using the data presented in-Tabe 3,-a-Pearson-Product

moment correlation was-calculated-to,determine-if there was a

significant relationship between-the-number-of-correct responses

a student. gave,,and-the-length-of-time-be-spent-with computer

assisted-instruction.

With this-formula,-r-was-determined to-be 0.27. This

indicates-only a-modest-correlation between-the-number of correct

answers the student gave-and the-total-time he-spent-on-the computer

terminal.

A graph-of these-data; comparing-the:number of,studerts and

the amount-of-time required to-complete-the-CAI program, is given

in Figure 2.
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FIGURE 2

Number of students and,terminal time
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Student-Attitude Toward CAI

After-completing-the-GAI-pregram-in-chemistry5-each student

was-given a 40-item-attitude-quest4onnaire:--Each-statement on the

survey provided-five-cheices-ef-responses5 on-a L4kert-type scale.

This-survey-has-an established reliability-of 186--(Brown, 1967).

Student-responses-to-the survey-were recorded on IBM 503

answer-sheets and-machine-scored: -A-computer-generated-tally and item

analysis gave-the-percentage-of-responses-to-each-iteml-and the total

number of-students-selecting-each-response: -Based-upon these data,
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the mean scale-value.was-obtained-and-matched-with the nearest

-associated word-on-the-Likert-scale;--These results-are reported in

Table-4. -Twenty-statements-on-the-survey-had- a.-mean-seale value near

.three,-indieating-a-e4ese-associat4en-w4U-a-Aeutra4-er indifferent

choice-on the-scale.--These-statements-were-not-included in Table 4.

TABLE 4

Attitudinal-Responses toward CAI
Statement Mean-scale Nearest

value associated
word

1. The.material presented-to me 2 2 Disagree
by CAI-made-me-feel that no
one-cared-whether I learned
or not

2. The method-by which I-was told
whether I had given a right or
wrong answer-became monotonous

I was-concerned that I-might
not be understanding the
material.

2.4 Disagree

4 4 Agree

4. -I was-more involved in-run- 4.3 -Only-occasionally
ning the machinery than under-
standing.the material.

5. I felt I-could work at.my own 4.1 Agree
pace with CAI

6. CAI makes-learning mechanical 2.2 Disagree

7. I found it difficult to con-
centrate-on.the-course material
becauSe-of the hardware

8. CAI made me feel tense

4.0- Only-occasionally

210 Disagree

While taking CAI, I felt 4.0 Only-occasionally
isolated

10. The responses-to my questions 2.4- Most of the time
seemed appropriate

11: Questions were-asked which 4.0 Only-occasionally
did not relate-to the material

- 24
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Table-4 (continued)

Statement

12. CAI-is-an inefficient use of
student time

13. My-feeling, toward chemistry-
before-I-came to CAI was:

14. My feeling toward chemistry
after I came to CAI was:

15. I could have learned more 4f
I hadn't felt pushed

16. Even otherwise interesting---
material would be boring when
presented by CAI

17. I am not in.favor of CAI
because.it depersonalizes
instruction

18. I was not concerned when I
missed a question because no
one was watching me anyway

19. After-studying-chemistry via-
CAI-I am interested in learning
more about the-subject matter

Mean scale Nearest
value- associated

word

2.1 Disagree

2.8 Indifferent

2.0 Favorable

2.3 Disagree

2.1 Disagree

1.9

2.1

3.7

20. The-CAI approach 4s inflexible 2.4-

Disagree

Disagree

Agree

Disagree

Observations

In addition to the-data-on.student performance recorded by

computer and the-data-extracted-from the-student-attitude survey,

student attitudes were-recorded-dur4ng-4nterviews-with the proctor

and the chemistry teacher.

One of thern most consistently-reported-observations abc

computer-assisted 4nstruction 4s-that the student-may-not-learn better

but-he-learns-faster:- The-average-time requ4red by students to complete

the CAI program was-300 minutes5-er-the-equ4valent-of-six-class periods.
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The control group of studentss-taught-In. a. more traditional class-

room manner,.required- 15-c1ass periods -(750 minutes) to complete

the same-amount-of-material,Similar results-have-been reported

with.other-studies7--Students-in a-computer-simulated laboratory

program at. the University-of.-Texas, for-example,-were-able to complete

-a-12-hour-laboratory-program.in chemistry in 4.5 hours.by CATabbutt, 1970).

-For most students-who-were-accustomed-to-a lockstep scheol

program of 45-to 60 minutes,regardless-of-the-degree-of-individualization

within that-period of-time, the-idea-of reafly-working at their own

pace and budgeting-their-t4me,was a-new eperience. In this CAI

program the- students,could-decide-the.amount of time they would spend

at.the computer terminal.

After completing over-two week's-work in-a week or less,

many students realized-for-the-first-time that-they were not making

the best-use of their time-In-the classroom.-- Students.suggested that

more courses.be-offered-by-CAI and-that-the, small-chemistry program

be expanded,to nc1ude-the ent4re year's work.

It also-became-apparent-that-these-students-have had little

experience-in-making-product4ve-use-of-their-leisure-time. It soon

.became-apparent-that-students-wish-to,be guided-into-meaningful use

of.the-released time.

The CAI program-was-generally-well-received,--Most students

reported that-they were satisfied. with what they had-learned-while taking

CAT, and many felt that.CAI was superior-to traditional instruction.

Curiously enough.; however-, even though-they-felt that-CA1-was superior

to traditional-classroom instruction,- most students-indicated that they

would prefer-the mere traditional-instruction. -The reason most often

given for.this-preference-was-that the -teacher,has-a.personality, but

the-computer doesn't.
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The-program-eenta4ned-a variety-of-review and-remedial loops

which-proved-to-be-pepular-w4th-the-students-, -A-check-of computer-

--generated-data-4nd4eated,that-most-of the. stmdents elected to

review;,when-they-were-g4veR-an-opti-on o reviewing-or continuing.

Many students felt-that-they-were-not given enough, time on certain

top4cs-before-the computer4based-upen-student-responses) decided to

go-on to another-topic. A large-number of, students-also gave occasional

incorrect.answers-in-order-to.rece4ve-the-supplementary-material which

was-presented by the-computer when it reee4ved-an answer that didn't

match-one-of the-several-programmed answers.

Conclus4ons.and-Recommendations

Conclusions:,-The-data-collected-in-th4s-study-indicate that

students learn-more; as measured-by post tests-,-with typical classroom

instruction-in chemistry-than-they-do-with-tutorial-type-computer assisted

instruction. -There-are-also ind4eat4ons, suggested by-the data, that

retention,of-learned mater4a1-4s greater-when-learning-occurs in the

classroom rattler than-at-the-computer terminal.

Howevers-this-does-not-imply-that-computer-assisted instruction

has no-place 4n-the high-schoo4-program.--There-are-many-other factors

to-be-considered-when-comparing-the-two-metheds-of instruction. First,

the design-of-the-CAl=materials-in,this,study-was-ef.the-tutorial type.

Previous-reports-of-greater-success-with-CAI-have-been reported by Suppes

(1968),-Atkinsen-(1969);-Snyder.(1971);,Boblick .(1974), and others.

However; all-of these-programs were-of-the-drill-and-practice type, and

were of relatively short-durat4ms-It 4s-ent4rely conceivable that

constant drill by the-computer, acting-as-a-tireless tutor, will

result in-increased.learning,-especially-when,4t-4s-used-to supplement,

rather than replace;-classroom instruction.
"*:
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There-are-also-ether-important advantages of computer

assisted-instructions- The-computer-effectively treats-each student

individually,-allowing-him-te pregress-at-his-own. rates- At the same

time-the-computer-can-cempile-a-reeerd-of-his perfermance-and progress,

which-is immediately-available-te-the-teacher..--The cemouter can also

give the-student-immediate-feedbaek-coneern4ng-his-answers. This

--response-timeis-usually-less than one-second-. -Thus the.-cemputer allows

the student-to-keep-track-ef-his-own-pregress-,-wh4ch-is-most difficult

to-do-in-the classroom.

The-study-does-suggest-that-a-lengthy tutorial-type CAI program

is-probably- not-the-most-efficient-and-effective-use ef,teacher, student,

and-computer timel--Even-the,mest-carefully-designed-CAI program, of

the-tuterial-types-is-much-mere-structured-than-the iastruction in the

typical classreem.--The-classroom-provides-a. greater-degree-of flexibility

for-the experienced-teacher.--Secendly1-4t-seems-that the entire

classroem-atmesphere-prevides the-student-with-the-barometer he needs

-to-gauge his-success or-fa4lure.--As-indicated-by the student attitude

survey-, this is perhaps-missing-in-the-CAI-situation.where the student

is-"on-his ow0-with the-computer, -It-is-alse interesting that 70% of

the-students-also felt-uncertain as-to-their performance in the CAI

program, relative to-the perfermance-of other-students, .t is possible

that the-student taking.computer-ass4sted instruction 4s-a little frustrated

because-he cannet-find-his usual position in the-classroom "pecking order."

The-fact that-the CAI-students learnedthe-chemistry material

faster than the students in.the-classroem-4s-also important. Data

collected in this study indicate that students can complete the same

amount of material via-CAI n,at-4-east one--half the time required by

students-in the classroom:- Hewever,-az pointed-out-by-Morgan (1969),

28
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this may-be-of-interest to the.psyche4ogist as a-dependent variable,

but-it-is-net-a-compe44ing-sales-point-with-schools1-whichin discharging

their custodial function must still use up 100% of the students' fixed

school-t4me%- In iciew-of-this--, perhaps,CAI would be,more effective

by-providing remed4a4-ehem4stry mater4a4--4or-the-slower student and

enrichment material for the-more advanced student.

One of the major-disadvantages-of a longI.tutorial type CAI

program is that-it ties.up- the-entire-computer facility during the

instruction-time. Perhaps more (e&46t4c is-camputer !:lanaged instruc-

tion.,-where-the computer-is-used only for short periods of time. In

this-case,-the-computer-will-act-upon-input-from the student and make

decisiens.as-to-44ch-instructiona4-task-46-most appropriate for that

student.--Thus-, the-student-wal be-spending most .of-h4s-tdime following

the computer's directionsl-rather--than interacting-constantly with

the,computer-as-his.!'teacher,:11,-This-modified-form of computer

assisted instruction weu4d-st4ll-deal-with-each-student-individually,

but, would-have-the-added-advantage-e-being-able-te-totally occupy

the-student's. time with-instructional activities.

This-studyl and-others-,-have-clearly-shown-that students

like-computer-assisted-instructient,Strong-studentinterest and

favorable-attitude toward-CAI-imply-that-this-mode-of instruction can

be-used.effectivelys- Furthers-it-is-suggested-that-theedifference between

the mean-scores on-the-post,tests.-ef-the-two-groups-in this study

(Tables 1-and-2)-is-smal4vand- when-this 4s-compared-w4th-the positive

student interests-attitudew,and.time,economy-b-the-positive aspects of

--CAI-outweighithe-aegative aspects.

Recommendations-fora-further-research% -This-study has raised

several-basie-questiens-that-sheu44-be.-eonsidered-ferefurther research.

Based-upon the-data-col4ecteds-and.:the-ideas-generated-during the study,
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it is recommended-t1at-the4ellow4ng,-stud4es-be conducted:

l)--to-determine-if-conditioning-to CAI-has all iefect on CAI

-student performaReehe%-.-researthpoetWhere-involved-a lengthy CAI

programs-by-current-standards-;---It-is-unknown-hew-much-of-this time is

used bythe-student-4-n-becomIng-fam4liar-w4th CAI andCAI techniques.

.The performance-of-both-groupeshould be-compared-to-the performance of

-students-receiv4ng-4nstructi-oft-in-chemistry.4n. the classroom.

2) to compare-the achievement of-students-receiving chemistry

instruction-in-the classroom-with-those-students-receiving classroom

instruction-supplemented with.non-tAtorial-CAL -This-non-tutorial CAI

could include-drill-and-practice-and simulation,. Although there have

beensome-studies- made-in-this area,-there-is-a-need for studies

with adequate-control-groups,-selected.with-a-wkinimum of bias.

3) to investigate.the-effectiveness-of-CAI-chem4stry programs,

both-tutorial-and-non-tutorial-types, designed-specifically for the

slow learner-and the-accelerated-student-as-a-supplement-to classroom

-instruction.

4) to-investigate-the-effect4veness-of student-prepared-CAI materials

in chemistry.-4ome-work4ias-been-done-4n-eva4uating-student-prepared

programmed-instructional materials.--Perhaps-this-cou4d be extended

into the-area of-computer-assisted-instruction.

5) to-study the-problem-of. leisure-Ume-created-by the use of

computer-assisted nstruction 4n-the high-school-programl-and the con-

comitant opportunity-for an-enriched curriculum.

6) -to study.the.use-of-CAT-in-chemistry-wkith-the-additional use

of-pre-recorded audio tapes,- color slides,-and-single-concept films

(commerc4a4 and,teacher made)-built into-the CAI program.
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7) to invest4gate-thepossibility of. extenthrig-CAI-in chemistry

into.4-computer-managed 4nstraction system.

Hopefu4ly;-this-researeh,-has,proOded, some ips4ght into the

feas4b4lity-of,ms4ng,tutorlal,type,computer assfsted4nstruction in

h4gh-schoo1-shem4stry. ,However,-CAI is new,4n-its-infancy, and a

better-understand4ng-ef-the-4earn4ng process-and-new-developments in

computer technelogy-are-neeessary-before-CAI can-become an integral

part-of-the h4gh school curr4culumt--1t-is-indeed exc4ting to be at

-the fronter of-this-new-era-4n education.

31
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HIERARCHY-FOR,ATOMIC STRUCTURE

Tepm4nal-pbjective No. 1: The
student-will-be-able-torepresent

-elestron-configwration and draw
orbital structvres-for any element
in-the-Periodic Table

Demonstrate-an-Understanding Demonstrate an under-
of-electron-configurations stand4ng-of-orbital shapes

1\ i
-Understand the meaning
of ground and excited
state

tr.

Be able-to app4y-Patai's Exclusion
Principle

Know-the-meanings values, and
symbe4s-for-the-feur-quantum numbers

Understand-bas4c-principles-of probability

it
Understand soneepts-of kinetic and

potential energy

Have-a-basis-know4dge-of structure
of atom-4eleetrens-and protons)
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HIERAKW-FOR-GWEMICAL BONDING

-Term*na4.-9bject4ye No. 2: The
student-w441-be-able to write
correet-cheffAca4,*ormulas, draw
-4en4c-and-covaTent structures,
and-predict-shapes of covalent
-compounds-and-ionic crystals.

Understand-the-re4at4onship-between-tre4ds in bonding
and position of elements-in-the-Periodic Table.

f\

-Understand the meaning---
of-Ionization Energy and- -

-the,use-ef-the Ionization--;
-Energy Table

Understand Ionic
Rad4uss and be able
to-construct models
of. various crystal
structures

Demonstrate-an-understanding-- Def4ne-e4estronegativity
of-ionic-bond formation---,-,,c.and-e4eetron affinity

Understand the concept of
ion formation.

Show-an-understanding of the
tendency-for-atoms to gain
or-bse electrons

Have-a-basic-knowledge of Atomic
Structure-4Term4nal-Objective No. 1)
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HIERARCHY4OR.GHEMICA6,8ONDING (Continued)

Termtnal-Objectfve No. 2: Ihe

student-Will be-ab1e. to write
correct chemical-formulas, draw
ionic.and,covalent structures,
and-predict-shapes of covalent
compounds-and-ionic crystals.

Understand the-relationshipbetwees-trends-4n bonding and
-osition of elements in,the-Periodic Table.

K

Show under-
standing-of .

hy&ogen bond,

Understand Define,dipole-
van derzn,___and dipole
Waal bonds. moment.

Apply
Octet

Rule

Understand
Showan-understanding of the

valent-bonding tendency,forc-atoms to share
electrons.

Understand.the different
geometrical shapes of covalent
compounds.

Understand,orbital hybrid-
ization and.be,able to sketch
.hybrid orbitals,

Show,a.re4ationship between
orbita1 -over4ap,and covalent
bonding.

Draw
Electron
dot structures

Have-a-basic,knowledge of
atomic.structure (Terminal
Objective No. 1)
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