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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 CAT felt challenged to productivity. Students were favorably
impressed by computer-assisted instruction in general. (RB)
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Tech Memo Serles .

The FSU-CAI Center Tech Memo Series is intended

to provide communication to other colleagues and interested
professmnals who are actwely utilizirg computers in their
research. The rat10nale for the Tech Memo Series is three-
fold. F1rst p1lot studies that show great promse and will
‘ eventuate in research reports can be given a qu1ck d18tr1bu-

tion. dl; eches-%g1ven at professmnal meetings can
be d1str1bu € ‘broad review and reaction. : Third, the
Tech Memo Series. prov1des for dlstubutiod of. pre—pubhcatlon
cop1es of research and 1?mplementatlon stud1es that after.
proper technlcal review will ult:mately be found m profes— -

. s1ona.1. Journals

. ‘In terms of substance, these reports W1ll be conclse, |
l-descr1pt1ve, and exploratory in nature  While: cast withina

- CAL research ‘model, a number of the reports wﬂl deal with

' techmcal mplementauon top1cs related to- computers and

" their language or: operatmg systems Thus ‘we' here at FSU

trust this Tech Memo Series will. serve a useful servme and
commumcatlon for other workers m the area of computers

, and education. - Any comments to the authors can be forwarded
- via the Flor1da State UmverS1ty CAI Center. ' :

_.D1rector .
'CAI:Center
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. -both posttests.  -The GAI-student~g¢oup,~howevergwshowed~approximate1§”

A FEASIBILIFY.-STUBY OF TUTORIAL TYPE
- COMPUTER. -ASSISTED INSTRUGTION EN--SELECTED TOPICS
-IN HIGH.-SCHOOL CHEMISTRY

Lee Summeriin

ABSTRACT
There are no adequately tested, tutorial-type CAI programs
cur.»rtly available at the high school.-level in. chemical education.
The problem selected. for- this- study was to determine the. effectiveness

of short-term, tutorial-type computer-assisted instruction in selected

- topics in high school chemistry..-- To determine.-CAl effectiveness,
- -posttests. specifically designed- for this- study- were-administered

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

students- generally performed--20% higher--than-did.-CAI students on

JuEE

P

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

students- were- able to--comclete  the--chemistry. program iin- from one third
to -one--half time required by -classroom students.. . The:increased learning
rate-called for self pacing--and-meaningful.-time--usage.--ngt ordinarily

encountered- in fraditional- instruction; students in.-CAI.-felt challenged

---to- productivity.. Student interest. in.-CAl was highs 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 HIGH--SCHOOL CHEMISTRY

Lee Summeriin

Computer-assisted instruction has been- advocated- by-many educators
as- a valuabie tool for faeilitating learning. Some.educators even con-
sider. CA{ to be the uvitimate. in.-individuaiizing instruction, allowing
the. student. to receive instruetion-in a. meaningtul. sequence tailored to
his own.-ability level. -More impe-~tant, perhaps, is.the. fact. that students
can progress- at their own pace with CAI.

A survey of the. literature. indicates that computer applications
in science instruction. have: genera:ly- -foilowed three paths. The first
is the use of. the computers in-the laboratory,. of- prime advantage since
the computer. 1s. a- sophisticated. problem~solver.. . Second, computers are
used for grading, usually laborzatory -unknowns {Smith & Schor, 1965;
Chappel & Miller, 1967; Youngs 1969-). - The-third. application, computer-
assisted instruction,-'is- an-inadequately tested area--with a noticeable
absence: of effectivevCAI«programé,vespecial}y #n the.-area.-of high school
chemistry.

CAI.-in chemistry. Walter Diek--(1970) reported 74 existing CAI

programs ,- grades. 1-12.;. currently. operative-in.-public schools and under

development. at var<ious- research: centers-- --0f- these. programs reported,




however,.- only one was in therareafef high--school-chemistry.. Of the more
- than. 300..CAI.-programs. listed- by--ENTELEK,.-only. eight.-are. in chemistry,
Most. of the significant.studies. in-CAlL- in-chemistry. are underway
at major. universities, rather-than-in. public. scheols..cr--public s;hoo1
systems. (Dick, 1970).- The only.-public.-schoel-system reporting signifi-
- cant CAI in.chemistry- is.-Montgomery--County,. Maryland....Major emphasis
in.-the- Montgomery.-County.-PRGJECT. REFLECT. - (PROJECT. REFLECT,. 1969a, 1969b,
- 1969¢c, 1969d) - has--been.drill--and practice  or-simulation prégrams in
writing.and. balancing. chemical.-equations,- using--oxidation potential
tables,. and computing..acid-base titration.
The. only. other significant.efforts.-at- using CAI--in high school
-~ chemistry. are. those: of.-Project- LOCAL., -a.-demonstration. program utilizing
resource- materials. (Slagle,. 1969};-and.-Schowalter's. C8E- (Schowalter,
1970) -program.. . CAl.-in..chemtstry- finds- somewhat.-wider application at
the college leved,. but.-few -of--these- programs.-are--of the.-tutorial type.
: Several reasons.-can be:-given-to. partially account.-for the lack
? of data regarding. .CA} programs--in chemistry,..-First., Jjn.-order to obtain
an adequate-sample. for.-a. computer instruction study. some accepted pro-
cedure. such- as. pretesting ar-vrandomization- must. be- ysed,. It 1s diffi~
cult to randomly-assign studenis in- a- public.:school.-for. an.-experimental
program; such- high--risk rasearch.1s.-generally.-nok condoned in such
places.- - Secondly,.many--CA} experiments. in..chemistry.are.-performed in
-g -+ -unreal- gituations, as 4nva~reeentfatudy~reqddrdng»thQVCAJ students to
| | - -meet from -6-10 p,m.s-while the--eontrel. groupratiended.-regular lactures
-(Castleberry & Lagowski, -1870)«.- Thirdly.,. most existing.-CAl programs can

- be- completed-in- 8- very-short. period. of -time. -It-is most difficult to

properly -evaluate programs. of -such--short. duration.. - Fourthly, most
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-existing CAI chemistry. programs are-used:-to -supplemenat the regular
chemistry. program, rather- than replace:it..- Finally,. since- they are most
often used- as an. adjunct. to the. regulav. chemistry. program, most CAI
chemistry. programs are.not."tuterial” in nature.

By far, the. largest number -of CAI- programs- are drill~and-practice
in design. These usually. ailow the--student to develop such skills as
balancing chemical--equations,--writing.-chemical- formulas.,. etc., generally
utilizing the computer-as--a- tireless- tutor. . Thzre - is-a need, both as
a means- for adequate evaluation.-and-as--a- contribution to the limited
field of CAIl knowledge,- for appropriate-tutoria?l. type- CAI programs in
high -school chemistry.

- - Research Objectives.- Recognizing: this serious. Jack of research

and development,-this-study»conductedwat the. Florida. - State University
Computer-Assisted Instruction.-Lenter.determined to. ascertain the effec-
tiveness. of-a- tutorial-type GAI--program-in high- schecl..chemistry, as
measured by.-a. suitable -postiest.- - Secondly,. the. study. prepared and
evaluated a block of CAI.material which:-could then--be made available for
use in other high--schools.. Since--there -are-ne--adequately-tested, tutorial-
type--CAI programs--currently. available.,--hopefully. this would make a sig-
nificant contribution to--chemical--education at--the high..school level.
_Thirdly, the‘study5exam&nedrdegree~of»retentionua#ter-af60-day period
-between those students. receiving: their.-chemistry instruction via CAI and
those students receiving instruction in- the same iopics.in a more tra-
ditional manner. - Finally,. the study.-qualitatively. estimated economy of
time use for CAI as.contrasted- with-usual-classroom instruction, and
assessed. student- attitudes-toward- CAI as a- methed. of dinstruction in high

school chemistry.
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~Null hypothesis. -Null--hypotheszs-are-stated-only for that

portion of the study. for whieh quantitative-data can be recorded.
Hypothesis. 1: . There: will. be-no--difference between mean secore on a post-

test of students. receiving: chemistry instruction. wia.-CAl..and students

receiving instruction in. the-same material in a typical-classroom manner,

when the posttest. is. given immediately- after. completion.-of the project.
Hypothesis. 2: - There- will. be--no difference between. the mean scores on a
posttest of students.receiving-chemistry instruction via. CAl.-and students
receiving instruction in-the. same material in-a- typical- elassroom manner,

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

The- Rex. 'rch Design

Campbell and- Stanley- {1968)-design.-number- six- was selected for
this study. A-posttest:only,. control. group design,. this. does not require
a pretest, but asserts.-that- the-most asdequate-aii-purpose: assurance of
lack. of initiai biases- between-greups- is.-randoemization.. It.was felt that
‘a pretest on. the--chemicai- topics- covered 1in- the study-would- have severely
- limited. internal and. external vadidity-of. the- experiment due to the
testing effect.. - Without- a prefest@rit»was possible.-to.aveid the "give
away" repetition. of. identical. or-highly. similar..unusual..content, and to
control. internal- and external validity.

‘Randomi zation- of students.-- A stratified. randomization of

students was achieved-by 1isting all- students.,. -by-€¢lass period, in
decreasing order. of performance- on- the mathematics and- science portion
of standardized. tests. prewiously- taken.- - These scores. were. furnished by

- the- guidance- office. of. the- University School- at- Flerida- State University.
Random samples were- then- drawn-from each. group-,- using a table

of random numbers (Turney.and- Robb, 1968).
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Posttest design.- An-adequate-posttest,-with established relia-
bility, was- not- available--for-use- with this. study...-- Thus, a posttest
was constructed by..selecting- appropriate-test.-items.-from- a-collection of

standardized high school.chemistry-tests.  Selectien-of.test items was

-made-from the - foliowing-.examinations:-ACS~-NSTA Cooperative Examination

in High- School Chemistry- (1969, 1963 1966.--19675-1969)}), -Anderson-Fisk
Chemistry Test {1966}, -and--GHEM -Study Achievement-Test (1963-1964, 1964-
19656} - From--these. tests,--120 appropriate -items.-were extracted. After
checking for duplicatien--in.-questions,-inappropriate.-or. inconsistent
nomenclature and-termino}ogyguand~obso]escencesu60witemsuwere selected
for.-the.-first posttest..-- This examination was prepared--in two parts,
each part consisting -of -30-items... Of the remaining.-items, 35 -were selected
to be used as.-a-second posttest to be-.given--60.-days:-after the study.
Procedure5~~Since~suitab}e~cAi-prognamsg~of-a.tutoria] type,

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

- the programs. to- be used-with the study.-- For. this. preject.,- the following

topics- in- chemistry were selected:

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

2) Chemical. bonding. {ionic, - covalent., van. der- Haals, hydrogen)

and- moJlecular. architecture.

These topics were- chosen for several-reasons. First, these
include--the topics- which- seem to. give high- school. students the most
trouble; probably- because: they-involve abstract and theoretical concepts
which- students.-are. often not able to handle. . Secondly., these are topics

for which entering behawviors.-are easily determined;. that is, students
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coming into- chemistry- usuallty-have-ro-understanding,-or-at best vague
misconceptions.,- of these-concepts.- Thirdly., it is--diffieult to approach
these topicslf?om»a-Jaboratory—eenteredrappvoaehvw~Iep4cs that were

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

- in--order net- te. risk.- a.deemphasis-of-the.-laboratory.-aspeet. of chemistry, -

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

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

Tength- for- a- CAI-.pregram.-- The-total- .computer-progran-is.-available on

tape from the CAI. Center,-Florida. State University,- Tallahassee, Florida.
For.- each. major. concepts-terminal- objectives.-were determined.

Learning--hierarchies., as preposed.-by--Gagné {1968)--were- then established

- 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 acguire, in.-order ito.-pregress through
the hierarchieéeand«reach»theuterminaJ objectives.. . This- approach was
taken- with- each major- topic included--in- the- CAIL program.. - The hierarchies
for. these concepts., the.-quantum-mechanical- -medel.-for-atomic structure,
and chemical--bonding,. and::the-task- analysis. fer-réaching.-terminal objec-

tives-are«giveh in Appendix A.

. =




.. Designing.-Course- Material for CAI

Several- features-were-buitd- inte-the-EAl--pregram--to allow the
student to progress-at. his-dndividual: rate.. - As-exiensive-opportunities
for review, two. methods- were-used-ie- present-review-material to the
student. - The computer-ceuld- make-this- decision;--based.-upon the number
of dncorrect answers: given-i0-a seguence. of guestions..-.-Each time the
student. entered: an- ancervecit- response.;- he- was- given-additional or
suppiementary informaison. and.-asked- 10 try again... Or4. the.-.computer may
- have elected- 1¢ returr him to- that pari- of the-preogram which his
responses indicate that he.faarizd to understand..- If he continued to
enter- insorrect. responses 1o the- same- question,- he- was- either directed
. to- a- reading assignment.. ¢ dale tabie,  etc.,- or else- he-was given the
correct answer- and- cond . nued- in- the program.

The stuydent. couid-aiso- eiect io-review. . After each series of
presentations by. the. £ omputer, fhe student. was- given- the option of
reviewing. or centing.ng... it. he. elected- to- review, he-was- given supple-
mentary  infermation,. explanations-using a-different appreaech,-or a summary
of material- presented. to that point.. The- student most often elected a
-review- by simply touching- with-his-1ight. nen-the word. REVIEW-as it appeared
on- the terminal screen.

The  student aiso- had- an eppertunity- to be--branched.-into an advanced
track.- - If his responses- were. consistently- correci.,. the. computer could
elect to- branch- him. ahead,. skipping mueh- of. the-drill. material. If he
later indicsted. a deficiency- in- the-areas he skdipped, he.-could be branched

back.

13
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When replying. to..the.-students' responses.,. every-effort was made
to protect his. ego... Rather- than-sharply-replying NO.-or--WRONG when he
gave- an. incorrect response~ he. was--asked - to-give. the-guestion a Tittle
more- thought, study-supplementary-material, and try. again.--More emphasis-
was- given..to rewarding. fer-correct answers.

‘Extensive use- was--made- of--computer-drawn. graphies. These were
displayed- on- the. screen. of. the-student's.-terminal... Graphics were used
to- i1lustrate- double.and.-£riple.-covalent. ehemical- bonding, electron
transfer,. electron- dot structures., geemeiricai-shapes of. chemical compounds,
electron orbitai.overlap,. formatien- of - ionic solids from atoms, etc. The

students could--elect to- repeat- these- graphics~any- number of times.

- Preparatieon- of . supplementary materials. . Materialds designed to
supplement- the CAI=program'werewa'fﬂip—bad-andea-kit-ef>mode1-bui1ding
materials. The flip-pad.was a-30-page 5" by 7 booklet.containing charts,

- photographs,. graphs., data- tables.,- etc.,. for the student's- use with the
CAI program... Material used. in- the flip-pad- was- taken.from the text
used--in. the chemistry-course {Choppin, 1970). - The-same- material was
available to the. control.-as well.as- the CAL students.. Much of the
material in the flip-pad- was- displayed-on- the- student's- terminal screen

-also3- however,- the- computer would- refer the-student. to- the-flip-pad when
it- was necessary-for. him-te- 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--build- styrofoam models.£o- show various

14
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jfonic packing. arrangements- and- different.-atomic-and. molecular structures.
The student. was-aliso referred- to-large classroom-size.models--and directed
by the computer. to compare.these-with- those he-had. -constructed. If the
student had.difficuliy building- or-understanding the.meodels, he could
elect- to. review,-and- the-ecomputer.would..take-him. step-by~step through
the model building exereises..--lLarge,.--classroom-size models- were borrowed
from the chemistry- department.at- Florida. State--University--to be used by
the. CAI students.. A.duplicate.:set.-of. -models.--was--made.-ava:tlable to the
control group- of students.

Coding--and.-validating - the. computer- progeam. --The--entire program

was outiined using.-IBM.-1510.-Display-Planning. Guides.. .-The..computer was

irected-to. accumulate. the-following data- fes.each-student: student

identification.numben~and~teﬁména&véﬁént5f3cat&on»number; date; each
response~entened~by~the«studenag~%aﬁbné§~étﬁme ~equired by the
-studentﬂtoﬂrespondieouthe»eomputer;_ﬁofg&jﬁamber~ef~eerrect answers;
-totat time student-spentaat-the~teﬁm$ﬁa};'énd»anynother response

the student typed.-into the termina’-after-he was -"signed-on." Arrange-
ments were -also--made to-obtain--a--computer-generated--ltsting of this

- data for each student. This provided a -permanent -record--of student per-
formance for later-data analysis.

Gonducting.--the experiment. --A-tetal.-0f--110.-students from the

University1Schoo]~at~F10rida'StateQUnéversitywwere involved in

the.-study. --They were-ranked.-by -class.-accerding.-£0.-their academic
abi]ity,-divided into..upper-and--lower-50%, -and--then.-randomly assigned

to treatment and -control -groups. -A-table.-of--random numbers.was used for
selecting-studentsuone»dayjpriorvtowbeg#ﬁning~the~study~{Nyatt & Bridgeé;
1967). There were 58 students~inJtheutééatmentwgweup~and 52 students in

the -control group.

S S
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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; all students:had taken.a. total of six
examinations: in-chemistry.. These exams were.multiple-choice, consisting
of 25-itemss- required- one- hour for completion, and.were-taken from Tests

for. Chemistry  (Jackson- and- Summerlin, 1970).. All. student answers had

been recorded- on- IBM 603- answer-sheets and- filed.--After students
were-randomly assigned-to eontrod-and treatment. greups, these six
examinations were sorted: into conitrol:-and- treatment-groups. 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 students- randomiy selected. for the control
and- treatment. groups, as measured by a- series of-i~tesis.---Thus, it was
assumed- that: randemization--had -produced- two- groups of students
with similar academic ability. -

A1l students-in- the-CAI-group- were: instructed to report

directly to the-CAI Center:daily- during- thedir-regular chemistry

- period for- the- two week-period: of the- study.--They-were also told

that-they eould-spend:as:much- additional: time. as £hey wished on

the- pregram- (during: their- free- perieds,- after school,-etc.). They
were instructed not: te. return: te- their: regular- chemistry-class during
this peried. Once the: CAl.students began their-work, they had no
contact-with the-regular. ehemistry- teacher-until- they returned to

class at- the-end: of the: study. -There-were ne absences in the CAI

. group- duriing the study; -all CAI: students: completed the entire

program.

16
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As each student--completed the program,. he-was-given the post
test.. All-questions on-ihe-post- test were. of the-multiple choice type,
and the- student- seleeted-his- answer-using- ERT -J1ight-pen. The exact
response- of- each- student-to-each. question was-recorded-by-the computer
for later-data-analysis.- The CAI-students-were-then.-asked to complete
an- attitude survey. This- survey, developed specifically for CAI, is a
40 item-questionnadire-{Browns- 1967} -~Each questien- oen-the questionnaire
concerned- CAl-or the student in-relatien to. CAl; and-provided five
choices- on-a Likert-type: scale-from-which the student-selected his
response.

In- order to. minimize- the- Hawthorne Effect, the-eontrol group
of - students were- told- that- they,- toc,: would. have an opportunity'to
work- with the computer,-but that- the other group-would "go first".

A1l students-in the control: group were. taught- the- same material

covered- in ithe- CAI- program. The- material covered-with the control

-group- included- chapters 9,10,11,-and. i2 in. the-student's text,

Chemistry- {Cheppin, 1970).

: Teaching was-dene- in an. informal- lecture~discussion style,
typiecal of-teaching: style at-the high-scheol- level<- An overhead

projector was used %o0: projeck-visuals usually used-when-teaching these

-topics.. Extensive-reference was-made-teo-darge-elassroom models illus-

trating vardous- types~of-erystal struetures,-orbital structures, and
geometry- of moleculess - - No- Films-were uged-.and- ro- 1aboratory work was

performed during- this period.

17
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Great care was-taken te present. the same material to all

classes. -~Audio tape recordings-were-made: for each class, each day
of- the study, to-previde a.permaneni record of material.covered with
the-eontrol group-oféstudents.'

| -At-the-end-of the-13th-instructional. period-for fhe control
group, all control group students~were-given-the-same-post test used

- -with-the CAI group.- Answers from- 60. 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.eontrol. group students spent

three: weeks covering-the-same material dincluded in the- CAI program.

- Results and Interpretations

After-completion- of- the experiment,.student- answers 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- submitited- together- for computer
grading, item analysis,-and- test analysis.

Student: achievement.--¥able- I. summarizes the- computer generated

-data-on perfermance of the €AI and- €ontrol groups of students on the

-post- test given immediaely-after-completion- of the study.

TABLE 1

Post Test 1 Data
CAI Group Control

o b

- Number of Students- ) 58 52
a Mean Score : 20.66 24.19
_ Standard deviation - - 6-.49 9.36
é | : : KR-20 Reliability 87 .85
é \ t {from t test) C 2.27

18
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Since the-t test- for the significance of the. difference between
means-assumes-equality of variances, a test for such.significance was
performed. The difference-between-variances-was not significant at the
.05 Tevel.

-The-eadcuiated group difference %-ratio.-was-2.27. Since
the sampling distribution of the difference X]—Xé for a sample
this large will- be-very close to a normal distribution, a t value of
1.96 is required for- significance-at: the .05 confidence- level. Thus,
the-data- suggest- a. difference: between means which-is-statistically
significant-at the .05 level.

Computer generated values-of .87 and. .85- were-determined for the
reliability-of-the- post-test. taken by the €Al and-eontrel- students respec-

tively.- Reliability was measured- by-the. Kuder-Riehardson Formula 20

(KR-20).

Sixty-days- after-ecompleting- the. study.-a second post test

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

. 503-answer sheets and- these- were. alse-machine. seored. A computer

analysis of- this-test is-given in Table 2.

- TABLE 2

Pest Test Z Data
(60-days- after study)
: CAI- Group Control

Number of students: . 58 501
Mean score : 10.66 12.62
Standard deviation .4.64 4.64
KR-20 Re]iaéi]ity .69 - .67
t. (from t test) 2.15
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Using- the- same: procedure-previously described, a t.-test 2.15 of

- 2.16-was obtained- for-this second post test. This indéeatesea significant

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

level. -KR-20 -reliabitity was-:69.zad..67 for the-treatment and control

greupss-respeetively. H'wever; it-should.be-pointed-out that this

reliability-is-still well-within-the acceptable-1imit.--Alse, the second
post- test-consisted- of- 35- items, whereas the- first. posi-test contained
60 items.  Since the- number-of. test- items-is. a signifiecant factor in
determining- the- KR-20 reliability.- these- values-are-within acceptable
range.

-Results. - Null- Hypothesis-4: -Based. upon. the data, Null
Hypothesis. 1 is rejected-at.the -.05 level.--The-mean score of the
control. greup- is- significantly higher. than- the- mean.- score of the
CAI group.

Null Hypothesis. 2:-.Data-suggests-rejection of. Null.-Hypothesis 2
at-the .05 level:. The-mean. seere-of the-conirod- group. is-significantly
highekuthan-theemean»seererofrthe CAI group. |

Student- economy- of - £ime«- In-order-te-provide- further data

to be-used-in-determining-the -feasibility-of-CAl-in- chemistry at the
high- school- 1evel;- a- time-study-was- conducted-in ecenjunction with

the project. -The-amouni-ef-time required-by. each-student to complete
thefCAIrprogram3~andgtheraumberaef»eorreetranswersrreeerdedefor each CAI

student- during the~pgpgramawas~stered—by~the computer-as the student

progressed. in-the. CAI program. -These- data- are- presented in Table 3.

1 During this 60 day peried.,-twe students-in the- eontrol group
transferred- to- another school.

20
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TABLE 3

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

Student- Number Number of -Cerrect Total

- Respenses- Terminal Time
(in minutes)

P TRYAY Y

g R404 347 408
: R104 340 232
L R301 287 683
£ R210 251 862
: R107 . 226 264
: R101 222 396
: R212 219 855
g R603 204 425
! R201 198 287
: R209 195 765
£ R602 195 768
¢ R204 191 276
f R102 181 235
z 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
4 R504 101 - 210
] R203 96 276
; R606 92 260
, R202 89 262
f R208 87 789
R408 84 255
R207 82 724
R406 75 244
R506 74 198
(continued)
. “ Q
ERIC ] 21
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Student Number- Number of Correect. Total
Resperses - 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-Table 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-he-spent-with computer
‘assisted-instruction.

With- this-formula,-r-was-determined teo-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-studerntis 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

X
X
X
X
2 - X X
==
k| - X X
3 X X
7 X X X
4 X X X
° . - X X X
g g x X X X
E 7| X X X X
2 § X X X X
X X X X
X X X X X
X X X X X
X X X X X X X
X X X X X X X

200 - 201/250 - 251/300 - -301/350 - - 351/400 - 401/450 over
. . 450

terminal-time in minutes

-Student-Attitude Toward CAI

After-completing-the -CAI-program- in-chemistrys;-each student
was-given-a- 40- item-attitude-questionnaire-- -Each- statement on the
survey - provided-five-choices-of-responses; on-a Likert-type scale.
This-survey- has- an established reliability-of -.86-{Brown, 1967).

Student-responrses-£o-the survey-were recorded on IBM 503
~ansﬁer»sheets and-machine-scored: -A-compuier-generated-tally and item

~analysis gaverthefpercentageeof»responsesftofeaéh—itemgaand the total

number of- students- selecting-each-response. - Based-upen these data,

3. -
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the mean scale-value-was-obtained-and-matched-with the nearest

-associated werd-on-the-Likert-scale:--These resuiis-are reported in
.Table-4. -Twenty-statements-on-the- survey-had- a-mean-scaie value near

-three, - indicating-a-eclose-association-with- a-nevtral-er indifferent

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

TABLE 4
Attitudinal -Responses toward CAI
Statement Mean-scale Nearest
.yaiue 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 2.4 Disagree

whether I had given a right or
WroRg-answer- became monotonous

- 3. -1 was-concerned- that I-might 4.4 Agree

.not- be understanding the

material. -
-4, -I.was-more involved inm-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 meechanical 2.2 - Disagree
7. -1 found it difficult to con- 4.0- Only-occasionally

centrate-on-the-course material
because-of the hardware

8. CAI made-me feel tense-- 2.0 Disagree

9. -While taking CAI, I felt . -4.0.  Only-occasionally
isolated

10. The-respenses-to-my questions 2.4- Mest of the time

seemed appropriate

11+ Questions-were-asked which 4.0 Only-occasionally
-did not- relate-te the material

-
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Tabte-4 (continued)

Statement Mean. scale Nearest

value- - associated
. word

-12.- CAI -is-an-inefficient use-of: 2.1 Disagree

student time

13. My-feeling toward chemistry- 2.8 Indifferent
before-I-came to CAI was:

14.-My- feeling- toward chemistry 2.0 Favorable
after I came to CAI was:

15. I could have- learned more it- 2.3 Disagree
I hadn't felt pushed

16. Even otherwise interesting--- 2.1 Disagree
material would be boring when
presented by CAI

17. I am not in favor of CAI 1.9 Disagree
because it depersonalizes
instruction

18. I was not concerned when I 2.] - Disagree

missed a question because no
one was watching me anyway

19. After-studying-chemistry via. 3.7 Agree
CAI-I am interested in learning
more about the-subject matter

20:-The-CAl -appreach-is inflexible 2.4 Disagree

Observations

In addition to the-data-on-student perfermance recorded by
computer-and the-data-extracted-from the- student-attitude survey,
student attitudes were- recorded- during- interviews- with the proctor
and- the-chemistry teacher.

One of-the mest-consistently-reported- observations abc..c
computer-assisted instructien -is-that- the student-may-net-learn better
but-he-learns- faster:- The-average-time required by students to complete

the EAI pregram was- 300 minutess-er- the-equivalent- of-six-elass periods.
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The control greup of studentss -taught-in-a.mere traditional class-

room manner,  required 15-class- perieds {750 minutes) to complete

-the same-amednt- of-materials:---Similar- results- have-been reported

with-ether-studiess- -Students-in-a- computer. simulated laboratory

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

-a-12- hour- 1aberatory- program- in chemistry in- 4.5 hours. by CAI.{Tabbutt, 1970).

-For most students-who-were-accustemed-to-a- lockstep scheol
program of 45-te 60-minutes,-regardless-of-the-degree-of-individualization
within that- period- of- time, %the-idea-of reaiiy-werking at their own
pace and budgeting- their- time-was a-new experience. In this CAI
program the- students- ceuld- decide- the - amount of time- they would spend
at the computer terminal. |

After eompieting over-two week's- work in-a week or !ess,
many students-realized-for-the- first-time- that- they were not making
the best-use of their time-in-the classreom.- - Students. suggested that
more. courses- be- offered-by- CAT- and-that-the small-ehemistry program
be expanded-to inelude-the entire year's work.

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

experience- in-making- productive-use- of -their- leisure-£ime. It soon

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

of. the-released time.

The €Al pregram-was-generally-well- received.--Most students

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

CAT, and many felt that €Al was superior- to traditiemal instruction.
Curiously enough, however., even theugh- they- felt that-€Ai-was superior

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

-would prefer-the more traditienal- instruetion. -The reasen most often

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

the- eomputer doesn't.

<6
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The- program- contained- a- variety-of- review and-remedial loops

which- preved- to- be- popular-with- the- students.. -~-A-cheek- of computer-

- -generated-data- indicated- that-most-of the students elected to

review; -when-they-were-given- an-option. of reviewing-or continuing.

-‘Many - students- felt- that-they-were-rot given enough-time on certain

topics- before- the cemputer -{based- upen-student-respenses) decided to
go~on ie-another-topic. A large-number of students-also- gave occasional
incorrect  answers - in-order-to - receive-the~supplementary.-material which
was-presented by the-computer when it recedived-an answer that didn't

mateh-one-of the-several-pregrammed answers.

Conclusions-and-Recommendations

Conclusions.- - The- data- cellected- in- fais- study-indicate that

students learn-more, as measured-by post tesis,-with typieal classroom
instruction- in chemistry- than- they- deo- with- tutorial~type-computer assisted
instruction. -There-are-alseo indiecations.- suggested by-ithe data, that
retention of- 1earned material-dis greater-when- learning-eccurs in the
classroom rather than-a%- the-computer terminal.
Howevers-this- dees- not-imply-that-computer-assisted instruction
has no-place in- the high-sehool-program.-- There- are-many-other factors
to- be- considered-when-comparing- the - two- metheds-of instruetion. First,
the design-of- the- CAl- materiats-in. £his. study-was-ef. the-tutorial type.
Previe&s~reportsvef~greaterrsueeess'with-CAI~have»been reported by Supﬁes
(1968) ,- Atkinsen- (1969),- Snyder-£1971).,. Boblick {1971), and others.
However, all-of these- programs were- of-the-drill-and-practice type, and
were of-relatively short-duration..-It is-entirely eonceivable that
constant drill by the-eomputer, acting-as-a-tireless tutor, will
result. in- increased- 1earning,-especially-when- it. is-used-to supplement,

rather than replace;-elassreem instruction.

i
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There-are-also-other- important.advantages of computer
<
assisted- instruction- - The- computer effeetively treats-each student

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

time- the- computer - can-cempile-a-reecerd-of. his perfoermance-and progress,

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

give the- student-immediate-feedback-econeerning- his-answers. This ~

- - vesponse- time- is-usually- Tess than ore-seeond. -Thus: the-cemputer allows

the - student- to- keep- track- of- his-own-progress,. which-is-most difficult
to. do-in- the classroom.

The- study- dees- suggest-that--a- tengthy tuterial-type CAI program
is- prebably- not-the-most- efficient-and-effective-use of-ieacher, student,

and-coemputer times--Even~ithe-mesit-carefully-designed- CAI program, of

-the-tuterial-types- is- mueh-mere- structured- than- the iastruction in the.

typical elassroen.--The-elassroom-provides. a. greater-degree-of flexibiiity

- for- the experienced-teacher.--Secondly.it- seems- that the entire

classroem. atmosphere- provides the- studeni- with- the- baremeter he needs

- to- gauge his. suceess or- failure.--As-indicated-by the student attitude

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

is- "on- his-own” - with- the-computer. -1It-is-alse interesting that 70% of

the-students—a]so felt- uncertain as- to- their performance in the CAI

program, relative to. the perfermance-eof other-students. . It is possible

that the-student taking computer-assisted insiruction is-a 1little frustrated

because-he cannot-find- his-usual -pesitien in- the-classroom- "pecking order."
The -fact- that-the CAI-studenis  learned. the-chemistry material

faster than the students im- the-classreem-is-also impertant. Data

collected in this study indicate that students can complete the same

amount of material via-CAI in-at-teast ome-half the time required by

. students-in the elassrooms- -Hewever,-2z pointed. eut-by-Moergan (1969),

<8
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thissmaymbe-ef—interest~to-the.ésyeheiegist-as a-dependent variable,
but-it-is-net-a-cempelling-sales-point-with-schools,s- which-in discharging
thgir custodial function must stiil use up 100% of the students' fixed
school-times - -In-xiew-of-this, perhaps- CAI wouid be-more effective
by-providing remedial-ehemistry materiald-Ffor. the-siower student and
enrichment material for. the-more advanced student.

One- of the major-disadvantages- of a long,. tutorial type CAI
program- is that:- it ties-up-the-entire-computer facility during the
instruction-time. Perhaps more reatistiec ds-eamputer nanaged instruc-
tien,-where- the eempuier—is—used enly fcr chert periods of time. In
this-case,- the- computer-will-act-upon- input- from the student and make
decisions- as- to-which- instructionalt- task-is-most -apprepriate for that
student.--Thus, the- student-will be-spending mest -ef-his-time following
the-computer's direeiiens, -rather-than interacting-censtantly with
the. computer- as- his - "teacher:”~-This-modified- form of computer
assisted instruction weuld-still-deal~-with- each- student- individually,
but- weuld- have- the-added- advantage- ef-being- akle-te-totally occupy
the-student’'s- time- with- instrdetional activities. .

This- studys and. others-- have-€learly- shown-that students
1ike-computer-assisted- instruetion.-Strong. studeni. interest and
faverab]e~attitude toward. EAI-imply-that- this-mede- of instruction can
be. used. effectively.- Furthers-it- is-suggested-ithai-the- difference between
the mean- scores on-the-post- tests~of- the. twe- groups-in this study
{Tables 1-and- 2)- is-smally. and- when- this is.compared-with- the positive

student dinterest;-attitudes~and- time~economy,- the- positive aspects of

- . CAI-outweigh: the- negative aspects.

Recommendations- for-further- research. -This~-study has raised

several-basic- questions - that~-sheuld-~be+considered -for-further research.

Based-upon the-data-eollected;~and- the- ideas~generated-during the'study,
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it is reeommended»that-theufellowing»studiesrbe conducted:

1)- - te-determine- if-conditioning-to CAI- has any -effect on CAI
u-studentmperiermaneeﬁthhe%reseaFéﬁfrébeftédﬁhere~involved»a Tengthy CAI
uprogram;»byoeuprent-standards:"mIt~#s-anknewn~hew~mueﬁvef«this time is
used by the-student- in-beceming-familiar-with GAl and-CAI techniques.
~The.performanee-of-both»greupésgheuld be -.compared -to--the performance of

-students-reéeiv#ng-4nstruetionein:chemistxy-inmthe classroom.
2) to compare the achievement of- students- receiving chemistry
instruction-in-the classroem-with-those- students- recedving classroom

instruction- supplemented with- non-tutorial- €Al.. -This-nen~-tucorial CAI

could include-drill-and-practice-and simulation.- -Altheugh there have
been- seme--studies-made-in-this area,- there-is. a-need for studies
with adequate-eontrol-groups;-selected. with-a-minimum of bias.

3). to investigate- the-effectiveness-ef-CAIl-chemistry programs,

- both-tutorial-and-nen-tutorial-types, designed- specifically for the
slow learner-and the-aecelerated- student-as-a- supplement- to classroom
-instruction.

4)--to'investigate-the~ef$eet4venessuef~stadent-prepared~€AI materials
in chemistry.--Some- work-has- been-done- in- evaluating- student-prepared

- programmed- instructional materials.- -Perhaps- this-ceuld be extended
inte the»areé ef-computer-assisted.-instruction.

| 5) to: study the-problem of leisure- time- created-by the use of
-.computer-assisted instructien im-the high- schoel- pregram,-and the con-
comitant opportunity-for an.-enriched curriculum. |
-6) - to study- the: use-of- €AL- in- chemistry-with- the-additional use
of - pre-recorded: audio tapes.,. color slides,-and- single-concept films

(commercial and- teacher made)-built. into-the CAI program.

e
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7) to investigate-the -possibility of.extending-CAl. in chemistry

.- into-a- computer-managed - irstruction system,
.Hepefuldly.-this-researeh- has. provided- some imsight into the

feasibility-of~using. tutorial~type~computer -assisted-instruction in
high-school-chemistry. -- However,-CA! is. new-in-its-tafancy, and a
better- understanding- of-the-learning process-and-new-developments in
computer technelegy-are- necessary-before- CAl can-beeeome an integral
part. of-the high-school curricuium--1t-is-indeed exciting to be at

-the- frentier of-this- new-era-in education.

31
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HIERARCHY~FOR-ATOMIC STRUCTURE

Terminal-Objective No. 1: The
student-wil}-be-able-to represent
-ejeetron-eonfiguration and draw
orbital- structures-for any element
in- the-Periodic Table

-;"J‘-

4

4 i

Demonstrate-an-Understanding Demenstrate an under- .

of-alectron-configurations standing- ef--erbital shapes
.""\ T 1 \

-Understand the meaning F

of-greund and excited

state

Be able-to-appiy-Pauti's Exclusion
Principle :
4

|

Know- the-meanings values, and
symbels- fer-the- four-quantum numbers

A

Underétand»basic-prineipJesvof probability -
N

Understand eoneepis~-of kinetic and
potential energy

I

- Have-a-basie- knewledge-of structure
of atem-{eleetrens-and protons)
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‘HIERAREHY¥- FOR-GHEMICAL BONDING

v AL TR Y AR LR 2T vy
B AR L R St W

-Terminat-Objective No. 2: The
student-wii-be-~able to write
correct-chemical~formulas, draw
- -jenie-and-covalent structures,
and-predict-shapes of covalent
-compeunds-~-and-ienic crystals.

-Understand-the-relationship-between-érends in bonding
and positien of elements-in-the-Periodic Table.

T A N
;

: {
. -Understand the meaning---- ~-Understand Ionic
of- Ienization Energy and. .~ -Rad#uss and be able
- the-use-of-the Ionization—— = teo-censtruct models
- Energy Table - of. yarious crystal
structures

Demonstrate- an-understanding.-: Define-elecitronegativity
of-ionie-bond-formatien---~—=>-and-eteectron affinity

B -

} T .
1 .

H

.

i

q

1

'

Understand. the concept of
ion formation.

: Show.an-understanding of the
g tendency-for-atoms to gain
S -.or-Jose electrons

; Have-a. basie-knewledge of Atomic
‘ . - Structure-{Terminal-0Objective No. 1)
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HIERAREHY- FOR: CHEMICAL-BONDING (Continued)

Terminal -Objective No. 2: lhe
student-will be-able to write
correct chemical- fermulas, draw
jonie-and-covalent structures,
and-predict-shapes of covalent
compeunds-and-ionic crystals.

A

I

Understand: the- relationship-between- trends-in bonding and
nosition of elements- in- the-Periodic Tab]e.

_f'\

?,

Understand- the different

geomeivrical shapes of covalent
compounds.
Show under-"
standing. of . Understand-orbital hybrid-
hydrogen bond: ization and. be-able to sketch
fo: matioen. . -- hybrid orbitais.
/i\'- ':'.\‘_
|
Understand DBefine-dipole- Show-a-relationship between

dot structures

-van derg..and dipele .. - -orbital -everlap- and covalent

Waal bonds. moment. bonding.
e M
Apply L
A Understand
Octet «-—myitipte co= Shew-an- understanding of the
- Rule - yaient-bonding; - tendency-fer-atoms to share
' s electrons. '
& |
Draw |
Electron

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