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ABSTRACYT

The Florida State model of computer-managed
instruction (CH¥) differs from other such models in that it assuames a
student will achieve his maxisus perforsance level by interactiug
directly with the computer in order to evaluate his learning
experience. In this system the computer plays the role of real-tinme
diagnostician and prescriber for the student and serves as a master
record-keepar for the entire student population. To test this model
of NRI, fystems concapts were used in developing a prograszed course
to teach graduate education students the techmiques of programed
ingtruction. Ia a field trial of the course, four instructional
presentat.ons vere used: students followed a fixed sequencs of tasks
and had a graduate student evaluate their progress, students selected
tvxlr ovm sequence of tasks and had a graduate student evaluate their
2TC 7058, Studeats followed a fixed sequence and evaluated their
¢ '0l.988 with the aid of a computer, and studeants selected their own
sey..ace and evaluated their progress with the aid of a computer. ¥No
significant differences were found among the experimental treateent
groups. Student performance on the cognitive portion of the course
vas excellent, and it wvas estisated that the cost of condicting the
course via CNI vas one-half to one-third the cost of conventional
graduate instruction. (Author/JdY}
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. ABSTRACT-continued

was between the perforwance of students who interacted with graduate
agsistants as they evaluated their progress in the development .of a
progremmed irstruction sequence. The other students irteracted directly
with the computer in order to asseas thelr progress.

The analysis of ths results indicated no significant differences
among the cxperimental treatment groups. An accurate cnalysis of the
time and effort required on the project indicated that the developnient
costs were apprcximately $9,000, while the implomtntation cost for 59
students was approximately $3,500.
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SYSTEMS CONCEPTS AND COMPUTER-MANAGED INSTRUCTION:
AN TMPLEMENTATION AND VALIDATION STUDY

Walter Dick
Pau®’ Gallagher

ABSTRACT

This report describes the utilization of systems concepts in the cevel-
opment of & course which was presented to students via terminal-oriented,
computer-maneged instruction. In order to teat this model of CMI, systems

concepts were utilizsd to develop 8 course, Techniques of Programmed Instruc-

tion, a graduate-level course in the College of Educmtion, Ploridse State.

The model includes problem identification, task analysis, gssessment of entry
beh&viors, behavioral objectives, criterion-referenced evaluation instruments,
instructional sequence and stvategy, media selectton; implementation, snd
evaluation.

In the evaluation study, several experimental treatment varietions were
investigzted. One variable was the comparison of the perfcrmance of students
who selected their own 1nstruétionll cequence as compared to those who were
required to follow a sct sequence. The other cdﬁparison vas between the

performance of students who interacted with graduate essistants as they

evaluated their progreas in the developmer: of @& programmed instructica sequence.

The other students interacted directly with the computer in order to .ssess
their progress. : '

The analyais of the results indicated no significeant differeices among
the experimentil treatment groupa. An accurate anslysis of the time and effort
requi'r_e‘d on the project indicated that the developmental costs were approx-
{mately $9,000, while the implementation cest for 59 students was approximately

$3,500.
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‘SYSTEMS CONCEPTS AND COMCUTER-MANAGEZD INSTRU?TION:
AN 1IMPLEMENTATION AND VALIDATISN STUDY™

Walter Dink

Paul Gallagher?

“his report describes the utilizatfon of systems concepts im the development
of a course which wus presented to students via ccmputer-managed instruction. The
instrictional model employed in this study was derived from the results of numer-
ous research studies conducted at the CAI Center at Florida State University
(Hansen, Ditk, Lippert, 1969), and elsewhere, which seem to indicate that while
tutorial CAL is an effective instructional strategy, it is unlikely that, in the
short run, it is going to make a significaat impant on education because of the
cost associated with cne student utilizing a terminal for relatively long veriuds
of time during eaca instructional aeaéioﬁ. Th;reforq, other types of computer
ctrategies, such as simulation and on-line prcblem solving have been explored
by Florida State and others. ¥l.negan's (1968) Project Plan is most representative
of a form of‘computer utilization in the inatractional process which has been
labeled couputer-managed instruction {CMI). The four or flve projects now yeporteu
in the literature which go by the term CMI, generally, but wot always, invoive
individualized instruction in ; classroom and the use of frequent paper and pencil
evalustion inetrument3a. The computer is used to analyze tests and provide fcedback
to the teachers in order that they may assist stuaents as they progress through a

course.

;Thio study was conducted in the CAI Center at Florida State University
and wae eupported in part by an Office of Naval Research contract, nunber
N00014-68-A-0494. 1he authors wish to -tknowledge the contribution of Dx.
Nancy Hagerty to the initial couree development and implemsncation efforts.

2Now at Plorids International University.



The Florida State model of CMI differs significantly from that used by other
researchers. It assumea that a student will achieve his maximum performance level
by inéeracting directly with the computer ir order to evaluate his learning ex~
periénce, i.e., the computer should glay the role of real-time diagnostician and
pre.criber for the student, as well g3 a master record~keeper for the entire scudert
population in a particular instructional p-ogram.

In order to test this model of CMI, systems concepts were utilized to develop

a courgse, Techniques of Programmed Instruction, a graduate-level course in the

College of Education at Florida State. The course basically teacles students to
develop programmed instruction materials through the use of a systems approach
model, It was this model, which is taught in the course, that was uttiiized for
structuring the develépment of the CMI course.

The model (Dick, 1969) is based primarily on earlie: work by Glaser (1956 ,

“gsystems approach" is

end Stolurow and Davis (1965). Figure 1 shows that this
in essence & model which indicuies the sequentiel processes which one would fi[low
in order to develop instructional materiale., The various components in the & u.!

are based upcen concepts developed by various research:rs; e.g., task analysis.

. Gagne (1970); behavioral objectives, Mager (1962); formative evaluation, Cronba.i.

8 (1963); and media selection, Briggs, et al (1967).

[E

The purpose of this report is to descrile how the model was used to develop
materiale which were implemented via cemputerigggaged instruction in a greduate

course, and to {ndicate the outcomes of Ehat .ourse in terms of costs for develop-

ment and implementation, an well as student attitudes and performance.

INSERT FIC 1 ABOUT HERE
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Described below is the step-by-step develcopment of the course as the develop-
ment team worked systennticall? thirough the steps suggested by the systems approach

wodel.

PROBLEM IDENTIFICATION

The course of instruction usad in this study was Educational Research 537,

.Techniques of Programmed Instruction., Until this investigation, the course had

hY

been taught via conventional lecture techniques. The major objective of the
courée is to provide the student with a working knowledge of both the cognitive
and productive aspects of the use of the systems approach in the design of in-
structional materials, particularly programmed instruction. The cognitive aspects
can be thought of i: terms of specific cqntent that is to be mastered. The pro-
ductive aspects of the courane caa best be coasidered as being similiar to a set

. of siilln required to conduct a course project.

The decieion to implement the Techniques of Programmed Instruction course

in a CMI mode was based on an analysis whic) revealed thg following: 1) the
course wa3 one which was taught on a regular twice-a-year basis with an enroll-
_ ment of 40 to 60 ltudentllper term, 2) the student population varied in both
background end experience thue ‘reating a large variance in entry behavior,
3) the course content was relatively stable, and 4) there was sufficient experienced
manpove: available to design and implement such a course. Operating on the sbove
et of met criteris, it vas decided that the chosen course was suitabla for adaption
to a cé-putcr-ﬂcnngtd Instruction mods.
TASK ANALYSIS 4
- In adapting Technlqn;l of Programmed Instruction for CMI, the initial step
. ;au to clcafiyiidcntity the terminal goal or objective for the course, Figure 2

o indieaton thlt this 'vas identified as being, "(The student shall be abls to) Produce

‘ a docutnt ducribins Systems Approneh dcnlopncnt. and atandcrdiud evalustion of

E

"a pro.rmd watruction to:t." 'l‘btuh vers idcntiuod through the use of

KC o | ’
R 11



- Gagne's (1970) hierarchial snalysis techniques. As @ result of this enalysis,

19 subtasks were identified as comprising the course. The subtasks represent

the necessary skills a student must acquire in order to design, implement, qu

- evaluate a programmed unit uf instruction., These tasks were, in turn, categorized

as co;niti%e and/or productive as follows:

A.  Cognitive Task - The studznt bas to demonstrate competency by achieving
at least a level of eighty per cent correct responses on a criterion-referenced
objective test which is administered at the CMI terminal. For example, the
student i{s required to correctly answer at least four of five questions which are
randomly selected by the computer which pertain to types of programmed instruction
fraras.

B. Productive Task - The gtudent has to demonstrate competency by con-

structing & product which meets certain pre-gset criterfa. For example, the

student 1s required to properly respond to a set of giuestions asked by tne

'co-puter in order to demonstrate that he has developed a plausible formative eval-

uation plan,

C. Cognitive and Productive Task - On this type of task, the student has
to complete activities related to both A and B as described above. For example,
the atudgnt has to demonstrate competency in fdentifying various characteristics
of "‘nicfing behavior". 1In addition, he is required %o properly respond to a

set of questions in order to demonstrate that he has identified the major enterins

N bthivier characteristics of the atudents who will serve as the terget pupulation

. for ﬁis propossd programmed instruction unit,

‘INSERT FIGURE 2 ABOUT HERE

ENTRY BEHAVIOR

~Since all those who enroll !og;thtl course must be graduate students, certair
! RPN ‘/(, 7

-
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. basic entry akills, knuwledge, and sbilitiea are implied »¥ their status, It
- was sssumed only that they would be capable of describing in a formal report the

activities they carried out as they developed their programmed instruction unit.

. BEBAVIORAL OBJECTIVES
| | The next step in the development -t the course 1 48 to eatablish specific
’Sehavicr11 objectives for each of the tasks delineaced in the hierarchal analyais.
A minimum of one and a maximum of three behavioral objcutives were constructed
for each of “he cognitive tasks. Por each productive taak, one beh.vioral objective .
was co;structed. ‘ |
All of the ohjectives Cafined what the student had to be able to do, under
wvhat conditions, and to what level of proficiency. For example, Task 7. which
. deals with the topic of behavioral objectives, hss a cognitive objective in which
‘ the student uas to identify the major components of a behavioral <hjective and
:'anather cognitire objectivé in which the =tudent has to demonstrate that he can
identifr objectives which are poorly written. The objective for the productive

aspect of thia task requirea the atudent to write behavioral objectives, according

":-; to Mager'e (1962) guidelines, for each of the tasks which will be included in his

programmed instruction text.

I ., CRLTERION REFEDENCED EVALUATION INSTRUMENTS

‘ After the behijvioral objectives were written for each task, fifteen criterion-~
.;~ref;renead test items wars constructed for gach of the cognitive objectives.

lrrrul this pool of tif'cen itams five would ba randomly selected by the computer
i'and prulentcd to the ltudant st the terminal to test his achievement of each

. objcctivn.

_ 'rh- test items vor-‘ xn d multiple choice format. Since time did not permit
P protnlttn; them for vulidity and rclilbility, the items were presenied to three
"1'."eonttat uperte fcr their profuuoncl judpent to whather the items were, in

yﬁifnet. -eanuring achtavu-cnt o! tha tnccudih objectives., . itar revisions by thecee




judges, the {tems were coded in Coursewriter II and implemented on vhe IBM 1500
| 'CAI System. .
| Criterion-referenced pra~ and péat—testa ;ere also constructed at this stage
in the develoément process. The pre-test was a sixteen item short-answer criterion-
| refe;enced test. 1t was admiﬂiatered to -ascertsin the entry knowledge of coﬁrae
content by the students who enroll for the course. The post-test was an alternate
form of the pre-test. It was administered to measure the student’s overall
¢ ~ achievement of the cognitive behavioral objectives.
For each productive objective, a set of questions which matched a specific
criteria were constructed for administration via computer, The appropriateness
of the student’s responses to these questions determined whether or not he success-
fully completed the productive component of the task. For example, one of the
" necessary criteria for Task 7 was that the student write at least one behavioral
objective for each task of his task analysis. Therefore, as one of the criteria
’for "pagsing" this objective, t.2 student has tc certify (to the computer) that he
WA does, in fect, have at least one objective for each task.
The finli product evaluation instrument was a rating checklist used to assess
the gtudent'u documentation of the design, implementation and evaluation of his
progr:—o»d‘ {nstruction text.

.-, INSTRUCTIONAL SEQUENCE AND STRATEGY

._Hhen the present course hed been taught via the traditiciial lecture method,

'~ the lt‘pl in.éha Systems Approach (Figure 1) were presented in sequence from left
':to ri;ht. Tﬁi task lualylil davalopcd for the (M1 implementation includes one
Pt or -oru lcpar-to tasks for each step fn thc model, This annlynis. based on GCagne's
hhrarchul model (1970). pruu-u that aach lower level task must be achieved
b-fou thc naxt huhcr 1¢v.1 tuk can be lesrned. Tierefore, according to tMc

procedur-, in order tor a studcnt to acco-pliah thc finsl task of "Producing a




document describing thg Svstems Approaéh development and standardized evaluation
‘\; of a programm;d text;f he must succeasfully progress th:-ough Task 1, then 2, etc.,.
" 'to Task 20. '

| In order to investigate the criticalness of the sequence in which students
study the tasks, th'experimeﬁtnl conditions were investigated during the field
"~ trial of the coufse. One-half of the students siudied the tasks in the fixed
sequance as shown in Figure 2. The rest of the studencs were permitted to study
~ the tasks in ény seguence that seemed appropriate.

An additional strately question was investigated during the field trial.

Of critical concern in terms of the overall effectiveness of the course was the
- viability of using a student-computer dialogue as the procedure for reviewing
the studéntt' progress in the development of their own programmed instruction unic.
) Iﬁ order to evaluate this procedure, one-half of the students in the fixed seguence

-ﬁf;up end one-half in the self-gelected sequence group were assigned to the "computer
' Qvaiuation" strategy, while the remaining students had their task products checked
by érhduafe students who asked essentially the same qu;stions as those which were
I:"v yrogrammed into the computer. Thue, there were four experimental groups:

1. 3¢qd-ncé Asaignedllnltructor Evaluated Praducts - This group of studints

T procceded through the twenty taskc in an assigned sequence. All students stsrted

‘ -l vith Task 1 and worked consecutively through Task 20, The students' products,

‘ e.g.. behnviornl objcctivea, test items, etc., were evaluated as they ware completed
’;? by one of thc coutoc assistants.

" ‘.‘2.' chucnc. AllignchCo-puter Evaluated Products - This ,roup of students
2 §roceled ghrough thc‘tventy tasks in the assigned sequenca (1 through 20 con-

“!llcuaivily); hovcvnr, the products which they produced were evaluated by the students

o thcnsllvan via ln interactive dislogue with the computer. Upon completion of the

1ntorlction. the otudontu pau-ed or failed themseives on the particular product.

< ox
[

8.1! scqucnccltnotructor lvaluatcd Produato = This group of students had




the freedom to proceed through the 20 tasks in a self-sequencing wmode. The
students' products wére évalugted by one of the course assistants.

4. Self Sequence/Computer Evaluated Products ~ These students alsv had
completé autonomy in the sequencing of the 20 tasks. Their products were evaluated
by a student-computer 1nterac£ion, with the students passing or failing themselves.
MEDIA SELECTION

The next step in adapting the course using the Systema Approach was to con-

- gicer the med.a which would be utilized by the students in order to gain the in-

~ formation necessary to accomplish the behavioral objectives for the course. The

major media utilized were publighed texts and jourral articles. Films, slides,

and .apes were also available; however, their use was very limited. In addition

. 20 these resources, the course professor and his graduate acsistants also served

"' as resource personnel.

All references which were used were selected because they met tne information

JT‘requirenentu of the specific behavioral objectives, These references included

cL books, lrticlea. journals, papers, pamphlets, aad specifica.iy constructed sunmaries.

' f_The spcuific plgel from these soutces were referenced and included in a Study
. Guide. Othor i-portnnt resources were the programmed texts and reports prepared
. : e

" by students who had previously taken the course.

IﬁPLEKENTATION OF THE GRADUATE COURSE

_At the initisl meeting of the course, the students were given the Student

*.ﬂ Guida. Aftor a general explanation of the course, the studenta were given a de-

- ‘ailcd d‘scriptton of the procedures wvhich would dba used under CMI. They were told

'thnt. nfter atudying for a tssk. they should schedule a terminal at the CAI Center

1 a ordnr to 'nko a quiz on the specific behavioral objectives for that task.

o Ench of tho qui::cs couaiatod of five 1tcno rcndo-dv selecited by the co-puter from

o tho pool. of fifteon vhieh wou writtcn for uch of the oblectives in the task.




The criterion for a'?assing performance was a correct response on at least four of‘
the five items. For ithe productive cbjectives, the student was required to
- respond tu a series of questions concerning his product. Depending upon the group
to which the student was assigned, these questions were asked either by the computer
or a graduate assistant. Following the evaluation, the student was rearired to
either restudy the instructional materials and be retested with another random
set of test itews, or to choose the next task he wanted to work on.
No more classes were scheduled until the final veeting of the course. The
students procreded through the codtsa in an individualized, self-paced manner;
they simply reported to the CAT Center when they were ready to be evaluated on
a tssk which they had completed.
Upon completion of the first thirteen tasks, the students were given a mid-
term cxamination on the cognitive objectives for those tasks. This examination
‘f could be taken at ray ti;e during the first seven weeks of the course. A student's
Docunented Report on the development and evaluation of his PI sequence could be
handed in at any time up to and iacluding the final ¢lass session when the entire
‘class met a8 a gtcﬁp.

FOKHAIIVB /E EVALUATION

The formative ev:lu&tton of the cautle 1nv01ved the collection of various
"“;typea of data including student performance, student attitudes and developmental
‘Yglnd implementation costs.

STUDENT PERFORMANCE - Comparisons among the instructional treatment groups

(e

'39 were nade in féur acpntnta {wo-way analyses ot varisnce fn which the following
: dependnut vattubles vcre used: (1) midterm examination on the cognitive information

1n thc coutta. (2) tho final evnluction score on the documented PI text, (3) t~tal

ttn. spcnt at the (s 98 terningl, and {4) cthe tluo {in days) to complete the cognitive

pertion of thc (course (Tlskl 1-13). For each of the 2 x 2 mnalyses of variance,
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sequence of tasks (asrigned va. selected) and method of evaluation {computer vs.

. instructor) were the indepandent vexiubles.

The mear3 and standard deviations for the midterm examination scores are
presehted in Table 1. It may be noted that there is very little difference in
mean performance among the four groups, and the F was not significant.

The absence uf statistically significant effects indicates that the acores on the
midtern examination wers not influenced by the type of sequencing or ev2luation.
It should be‘noted that the maximum score posqible on the eiamination was 103,
and that the mean performance by all groups was much higher than the desired 80X

ariterion level.

TABLE 1 ABOUT HERE

Table 2 presents the means aud standard deviations of the four instructional

treatment groups on the final cvaluatfon of their documentation of their PI text.

Analysis of variance indicated there were no significant differences among the

groups on their documentation scores.

TABIE 2 ABO'T HERB
/‘

With regard to total ti.ne upent at’ the cm terminal, Table 3 presents the

means snd anndtrd daviationo. 'rhe results of the analysis of variance presented

: }ndicate that therc vue no significant differences among the groups. It should

T b- noted that thc anruo Srudont spent approximately four and one-half hours

‘bnt thc nninal durinz thc ton week quarter, rather than 30 hours in a classroom.

.‘_"f"‘ . 3

. TABLE 3 ABOUT HERE

" The meane md ltandard davuuom for total number of days. including opcnt on the

: ‘-?;.'"‘nolundo, eo;nitm portion ot the couree ('X‘uka 1-13) are presented in Table 4. The

10
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TABLB 1 -~ Means and standard deviations of four instructional treatments
on the midteru exanination. (Haximum gcore 103)

Instructional ) " Mean ) . Standard
Treatmer.t Scoxe Deviation

-

Self Sequenced .
Couputer Evaluated 95.80 4.46

Self Sequenced
Instructor Evaluated 95.27 5.53

Sequenced Assigned
Computer Evaluated 92.14 9.15

Sequencéd Assigned
Instrucgor Evaluatgd, : 94,73 . 4.33

' TABLB 2 -~ Hnans and standard deviationa ct four instructional treatmeats
on their docunentatiou of their PI test. (Mcximum score 74)

Instructional _.i:,r;;J; - Mean Standard
Treatment T Scors _ Deviatior

Self ﬁcqﬁ-ncad ’

Computer Evaluated - 50,53 9.75
;‘Sﬁlf SQqu-nced a",".‘Jﬁ,} e .
.- Instructor Rvaluated - $1.53 7.00
'}i'Stquoncn)Aiilgncay Jz“v;” S .
;_COnputcr Evalusted .. .. S 4606 - 9.93
'f'8¢qu¢ne4 Ansi;n.d E L

Inetroctor Evalusted - AB93 . 8.0
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TABLE 3 -~ Means and standard deviations of four instructional treatnent;
for total time spent at the terminal (system time),

In-*ructional Staudard
Treatment Mean Deviation
Sequence Selected
Computer Evaluated 260.20 54.11
Sequence Selected
Ingtructor Evaluated - 251.53 44,32
Sequence Assigned
" Computer Evaluated 284.28 46,96
.. Sequence Assigned
-, Instrucior Evaluated 262.53 39.79

' TABLE 4 -~ Means and standard deviations of four instructional treatnents

for time (days) to complete tasks 1-13,

. Instructional Mesn * Standard
Treatment (Days) Deviation
. Self SQquence
'Co-putot Evalunttd 42.8%0 477
. Self sgquencc o
‘Inltructor Bvaluated 41.87 5.71
-“ig.Soquenco Asoisned '
R Co-pu?or Bvaluntod 43.20 . 2,62
”80q00060 Aanisnod o
42.64 4.85

Instructor Evaluated
o A «:’; 3:.“ Lt




_J,J»'”'”

P
-

reaults of the analysis of yariahcé indicate no significant differences among

the groups.

TABLE 4 ABOUT HERE

STUDENT ATTITUDES - In ordex to determine the attitudes of the participating
students, specific attitude and information questionnaires were edninistered as
part of the formative eveluation. Data generated by these questicnnaires was

intended to supply information which would be helpful in course revision. Student

" responses to & ssmple of these questions are listed below. -

When asked if they would enroll for another CMI course, 55% responded

""Gladliy"”, 37X responded "Possibly”, and cnly 4X responded "Reluctantly' or "Never."

" This data gives an indication of the overall positiveness of the students toward

the course.

Students were then asked questions as to the relevan¢y and adequacy of the
questions askad either by computer or by the graduate assistants about their pro-
ducts &3 they progressed through the course. Sixty-sever. per cent of the students
1ndicated.that the questions were relavant; 14X said tha:.they vere extremely
relevant, and 152 indicated that come were relevant. Likewise, 68X felt that most
of the quustions were adequate; 1/% felt that aome were adequate, and 9% said that
they were extremely adequate.

A modified form of Brown's CAI scale was also administered to measure specific

'attitudes toward CM1L. Out of a possible 200 points, the range was from 95 to

172 for the class. The overall mean was 142.02 with a standard deviation of 14.99

. indicating that the class did, indeed, purport positive attitudes toward the course.

In summary, the general fselings expressed by the majority of the stucents

were that Ehe>courie vas vell oisnaiind.‘ Detailed data on specific task-by-task

) performcnco was collected to as.i:t in the revition process, but will not be

rcportcd hcrc.
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COST FACfORS - The costs incurred for the development and opetation of the
CHMI course for one qﬁarter are presented in Table 5. The total developmental
cost was $9.297.90. ;hia cost includes the ideﬁtification and selection of the
" course materials, the ;ogic for the computer coding and entry of materials, and
§ minfumum of aecretariﬁl assistance.,

The implementation and evaluetion cos;s totaled $3,568.86. This cost in-
cludes Resource Center, Instzuctional, and Computer costa. In order that studento
would not have to puzchase all of the buoks and articles which were required, 2
Resource éentee was esiabliahed for the vourse. The cost of stocking this
Center with bopka and reproduced coples of various articles was §344.40.

The inatructional coats included profesaorial and graduate assistant time,

plus the publication of the atudent Study Gﬁide. A total of approximately 480
" manhours of assistance wers made availabie to the atudenta 1n-the courae. This
. included 40 hours spené by the course professor and 440 spent by the two graduate
assistants, Coats for the graduate assistanta' time, based on s Sb;OO hourly
rate, came to $1,760.00. 1In order to obtain £n actusl cost cf faculty time,
the professor kept an accurate record of the time he apent interacting with students.
This tota1e§ 0aly 3 hours and 21 minutea. In addition, the instructor speat
approximately 30 hours evaluating the final products of the students. The total
instructor time spent on the course was computed to be one-tenth time at a cost
of $450.00. Theae costs in addition to $130.00 for the pubiication of the Study
Guide sum to a total irplementation coat of $2,360.00,

Tha total computer cost was $864.46. This figure was based on the average
of 4.4 hcurukof terminal time for the 59 students in the course. The FSU CAl
Centcr.rayc_il 35.33 per ;tudent hour. Thus, the total implementation cost wvas
93,568.86, |
A :cés-tj_‘cbipl‘rhon‘of the O'll _uthod with the traditicnal lacture -athod_
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1ndicates th;t fhé CMI ;ﬁpzoach is less expensive to operate than conventianal
inetruction at Florida State. 7he cost of teaching 59 sraduate students & three
credit hour course by traditignal methodology 1s equivalent to 177 graduate quarter
hours, or 1.4 professérinl positions, Using an average faculty salary of $4,500.00
ger quarter, this is a cost of £6,300.00, The course L.3 recently bgen approved

ag a 5 credit hour course, and, therefore, the 59 studencs would now precduce 295
quarter hours or the equivalent of 2.3 professors. At the $4,500.00 per quarter
average rate, the cost of preseﬂting this course via traditional lecture mede
would be $10,350,00. Conservatively, the cost of conducting the course via CMI

is one-half to one-third the cost of conventional graduate inltructloh at Filorida

State,

TABLE 5 ABOUT HERE

SUMMARY AND IMPLICATIONS
The purpose of this paper was to describe how a Systems Approach technique
could be used in the design, implementation and evaluation of a successful Com-
puter-Managed Instruction course. By systematically following each step, while
utilizing continuous feedback for adaptations, a graduate-level course was
adspted to an iandividualized CMI course. The outcomes of the implementation of
the courue.indicntéd excellent student performance on the cognitive portion of
' the ~gurse. The data suggesated that revision was needed 16 materials used to
teach the students how to document the development of their PI text.
The statistical analysis of the performance of the students indicated that
. self-gselection of the sequence in which tasks are taken produces results which
::\re ﬁpt-diffc;ent from théue obtained with a fixed task sequence. More important
) y‘i‘thc'i§§k of diffnieﬁcc in student performance between those who reviewed

i‘.tﬁc‘varioup'cqnpbncntn of their PI‘taxt v{th the graduate assistants and those
Q - o ‘ S 13
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TABLE 5

DUVELOYMENTAL AND GPERATIONAL EXPENDITURES FOR CMI COURSE

Category Expenditures
I. Developmentai Coste
DcveQOpmgnt of CMI course Materials ~nd Logic $1,400.00
CAI.Codiﬂg and Entering of Materials on
the Ccmputer 7,817.40
Secretarial Staff 80.00
Total Developmental Costs $9,297.40
II1. Implementation
A. Resource Center Costs
Books $ 264,40
Reproducing Materials —_..50.00
| Subtotal $ 344,40
B; Inatruction Costs
Publication of Bandout $ 150.00
- Student Assistents 1,760.00
- Professor (1/10 time) —-450:00
| ~ subtotal $2,360.00
c‘- Computer Costs $ _864.46
v | ‘ fornl Operational Costs $3,568.86
- PROJECT o0STS $12,866.26

o
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: who. evaluated their own products via a computer-directed dialogue,

» .k‘rhis project has also demonstrated the effective, low-cost u(q of g‘ CQI -

- 'gystem. Rased on the data from this study it is apparent that numeyous oa epﬁxson
c‘ould'_be ‘1mp1‘enented ¢ the same cost of a single CAL course. Comparisons of QI '

t‘ﬂ‘cpsta with those of Eraditionni instruction are alsc quite favorsble.
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