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ABSTRACT ¢ i
{ .
, ¢
_Formative Evaluation of an Instructional Design Aid for
= - Microcomputer Courseware Creation
1 Claudia L. Amasuno ’
. ~ X {r" ’
/ ,

Mi'cr.ocomputers can now be found in almost every schoo\/': yet
teachers are still he‘ard to 'éomp1 ain that they cannot ‘seé{;n to find the
\ piece of software that exacﬂ)" fits their needs. Many 'teache;'s zlnre
| neither too famil jar with computer capabflities nor; with formal
1nstructionaf‘ design ggthods. In order to fi11 this gap, an
Instructional Desfgn Aid was created, based on the’ systematic
approach to inst%uction and incl udi ng -pertinentl microcomputer
considerations. Worksheets accompany the guide.” A formative
evaluation was carried out on this design ald, using the method
proposed by Dick and.Carey. First, one-to-one evaluations were
carried out with experts, then with subjects from the t;rget'
popul ation, "and finally with a sma'n‘ gnbup of subjects frgm the target
popul ation. The resul ts of this evalgation, as well as the propos‘ed

revisions to the design aid are incjuded. ..-
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1, INTRODUCTION

Microcomputers in the classroom are the buzzwords f’or education in
the 86'5. They seem to hold the same promise to‘ revolutionize
education as tel evision did in the 60°s. Educational television
fizzled out; proponents of cbnﬁuters in education hope that- the‘sa‘me
wil'l“ not/ﬁ:?pen to this new technology.

Coursewa{'; presented on microcomputers is seen to have many
advantages. Citli ng others, Stuart Crawford (1981) presents five:

1. As opposed to traditional modes of education, the student
'using C.A.1.* can never be totally passive.

2. C.A.l. has the potential to highly indjvidualize the learning

experience, -
3. Epreriguents‘and situations too expensive and dangerous to
reproduce in real life can b‘e simulated and so explored by the
students. 0
| 4, Teachers can become "facilitators” of instruction giving them
more free time to -aid each student individually.

5. The student is evaluated in a completely objective manner,

eliminating any potential bias.

¥

* JEM refers to C.A.1. (Computer-Assisted Instruction),
however, 1 prefer Godfrey's definition of C.A.L. (Computer-Assisted
Learning) which puts the emphasis gn the learner rather than on the
instruction (Godfry & Sterling, 1982). This tearner centered focus is
part of the systems approach to instructional design,

- )
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i ? In a review of empirical studies ot“ student attftudes toward
computer courseware, Lawton and Gerschner (1982) found that students
perceived this type of instruction to "have‘ infinite patience, never
get tired, frustrated or angry, never forget to correct or praise, and-
to individualize learning® (p. 50). They also noted that technical
considerations, such as the preparation of materials to prg)duce 1ow

¢ student error and so 1imit student frustration, are other positive

N
elements of computer courseware. Students also feel that computers
show no racial prejudice and are great motivators helping them learn
more. According to-Clement (1981) students 1ike computers for the
possibilities they offer to progress at theirn own pace, for the
{nmediate fgedback, and becau%e if they make nlis}takes the machine does
not embarass them. N

Hathaway (1984), as evidenced by Hall's 1982 study, ;;oints out
that \computer instruction produced as much‘, and sometimes more,

4 learning in less tim;z than did traditipna'l methods of instruction.

- Parry, Thorkildsen, Biery, and Macfarl;nné (1985) have compiled rest'earch
results which show that computer-based instruction can result in
learning gains for most learners, di that it “{s particularly
.effective with Tow achievers" (p. 33). .

- If computer courseware offers all these advantages for both the
teacher and the learner, then gne must ask why more use 1_s not being
made of microcomputers in the classroom? Microcomputers have been
accessible from a cost perspective for the last four years or so, yet
enthusiasm for their use by teachers in the classroom has been somewhat -

less than overwhelming. Aside from the fact that teachers do not feel

*

W‘"‘ ::'; rate
\

\

}
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' capacitated generally to teach programming, which is one of the
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"courseware materlals have been 1nsuffic19nt to the task, and that

DN : 3
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potential usef of the microcomput ers, another reason seems to be the

lack of exciting and iﬁstnuct!snaity weil designed courseware. Roblyer

(1982) Teels that the microcomputer will come of age as an educational<"

tool when qualitngggrseware becomes av;{lable.

'Alfred Bork (1984) gtates categorically: JExtremely little good
computeerased leaaping material is available in any country, Much of
the material, including commercially qulisﬁedymaterial, is of"very |
poor-quality. The standards currently in use in computggfbased
1earningbmaterial are extremelj low : . " (p. 1), Fisher (1982)~
concurs, saynng that .courseware is mostly sinplwstlc and fails to
exploit the fu]I teachlng power of the‘computer. C.A.L. 1nstructi3n,
Fishgqgtoncludés. is restricted neither by cost nor by fear on the part
of the teacﬁer%, but rather.by poor quality courseware. Jﬁuch
educat?onal software does not incorporate thpse features of the
computer that make it a unique learning tool, such as qolorful
graphics, sound, fast-paced action, and branching capabijlities" (Bitter
& Gore, 1085, p. 18). : ' |

Roblyer (1983) suggests that sthe reason that microcomputers }n
education have not been as effective as expected is hecause the

-

methods used to deve]op courseware are the source of many of the
problems and limitations" (p. 23). , '

There are many reasoﬁs why courseware hi% not lived up to
expectations. First and foyemosﬁ is the fact-that there are very few
peopie whd have all’ the requirements to become cgurseware designers.
To design courseware on; wqpfd have to be a content specialiét

(pcob;blx the Efacher'cpuld be‘considered as such), an instruct ional’

B
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designer and a programmer. Although most people are not these three

things. it is generally felt by teachers with ﬁew computers that they

should take 1t upon themselves, altbeit witﬂout any training, to create -

programs to fit their own negd% and the neelds of others. Faced with a
new iechnology, gnd'probably not being instructional design experts{ it
is no wonder that the courseware they produce is not of top quality.
“Content specialists, however, often have not received professionalf.
preparation as educators and therefore may bg unaware of basic
fnstructional deiign principles and procequres“ (HcPhgrson-Turnerz
1979, p. 47). Clement (1981) states that those who developed
conputer-baséd instructional materials in the 60's and 70's we;e nai
very experienced in the principles of instrqqtjonal design. Teachers
need guidance 1n.the creation of computer-based instructional

[

materials, for faced with the néw“delivery vehicleignd a new approach

to instructional design they seem to have a lack of ‘confidence-and do -~

not know whether the fnstructional design or computer system should

&
provide the basis for the development of the materials (Eisele, 1978).
Sometimes it even seems that educators are left to carry out

colpJ%er-re]ateg responsibilities armed with 1ittle more than

intuition (W11, Comer, & Merrill, 1982). /

Based on this evidence, there appears to be a real need to
fami1iarize teachers, whoWare or soon will be in contact with micro-

computers, with both 1gstfuctiona1 design principles and the

—

capabflities of the microcoﬁbuter so that they can be helped to credte

pedagogically effective courseware.

The desfgn of educational courseware has been both helped and hin-

dered by the microcomputer's unique capabilities. On the one hand some

~
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of the creators of courseware, who are probably more progra r; than
5

teachers or instructional Qesignec§. have been overwhelmed the

" technical possfbilitfes of the micro éﬂd have put great emphasis on

~

their virtuosigy as pgpgr%mmers. while on the other hand, in other
cases, these capabilities have not been put at the serviceé of
instruction. |

W Ragsdale (1982) feels that this tendency to view courseware as a
program must be combatted. It should be viewed as instruction from

which students learn. Wall and Taylor (1982) believe that there is a

" need to-shift to more dynamic interactive systems with the focus on the.

learning of the person rather than on the program.

Learning‘theory must be wed to’ the microcomputer's unique
capabilities if this medium is to rgaéh its full potential in helping
gtudents to develop higher level cognitive skills. Caldwell (1980)
sees the microcomputers as having this potentfal. Programs can be
designed that "will use the capacity of the microggmputer system in a
way that will develop in learqgrs,a range of cognitive skills and help
Tearners to evolve useful léarning strategies” (p. 7). kehrberg (1979)
advocates courseware that uses the unique capabilities of the computer
to achieve égucationa} goals and obJec{ives. Viki 8lum Cohen (1982)

concluded after gxaﬁtning several programs that these did not use

) instructional strategiqS which facilitate conceptual learning and

subsequently did not stress higher order skills. However, she does
feel that Efijg;gxfis up to this task, for, if its unique capaﬁilitiés
are used these can "affect learning in a unique way" (Blum Cohen),

1983, p. 9).
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Utilized by those with a full understanding of the technology,
N

-~

then microcomputers "can be an extremely powerful and exciting

instructional ) ice that promoteéﬂhigher learning in the student. . .
There is a great need td incorporate instrqctional strategies into the

design of all type complter-based materials and to try and increase

" the qua]ity of interactivity within the program" (Blum Cohen, 1984, p.
L}

.17). The ulitmate success of the microéomputer in the classroom

depends on the qua]ity of the courseware.

Another problem faced by novice courseware designers is the
temptiiion to computerize a11 experiences. This tendency has led to
boring and ineffective courseware which does not take advantage of the
computer $ capabilities and was created simply because the untrained
teacher found a computer in the classroom, and this. computer had to be
used.

Rawitsch (1983) states that “if act{vities are worth implementing
on the computer, they should be taking advantage of computer
capabilities which are not' available through other methods" (p. 552) of
instruction, and Christine Johnston (1983) feels that “goo&‘courseware
« + o makes approp%iate use of the medium” (p. 11).

- Good materials are “self contained, a complete learning experience

‘on the computer” (Bork, 1984, p. 2). This is one of the unique

. capabilities of the computer; 1t can create an interactive, visual,

tactile and auditory experience all at once. Kehrberg (1979) §uggests
incorporating as many. sensual experiences as possible and designing the
courseware for active users. A failure to &o so wil1 mean that we'll

lose the students, for theses have been we@ned on Sesame Street and so

demand a high level of entertainment. Bork (1984) agrees that learning
T\
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must be an active process "if ideas, methods, [and] concepts are to’ be
internalized™ (p. 2).

Microcomputer; not only offer the'possibility of enh;ncing learn-
1ng‘but also afford the opportunity of making it more fun. Learning
and enjoymént are not anathema contrary. to the belief of man;-students.
kEBT;Ek\(1983) declares that students shbuld enjoy themselves and

. -Lally and Macleod (1982) state tﬁa enjoyment is a powerful

motivator contribuiipg "strongly to the speed with which skiTls are
.acquired and to fhe Tevel of proficiency® achieved” (p. 450). Malone
(1983) analysed video computer games that ;ave turned some youngsters
into video-game addicts and wonders- why coursewaré cannot be made as
fascinating and fun using the same techniques. ‘ \
- Enjoyment does not also necessarily preclude creating
" {nstructionally sound courseware. In his analysis Malone (1983) foynh
that computer games had -goals and that these were personally r ‘
meanfhg?u1. rather than just goals using skills (1ike solving math
. problems). These goals had a variable difficulty level, and this {is
important because if the goal-is certain to be reached then there s no
Eha]lenge and so there wiTIﬁmost 1ikely not be too much interest.
These video games also provide immediate and constant feedback. These
aspects of somé‘video games are all accepted“as part of the systems
approach to instructional design and demonstrate that learning can be
fun as well as an instructionally sound experience. .
lt‘is suggested that the increased use of systematic instructional
design methods will help to “improve the overall qda]ity and usefulness

bf courseware” (Robjyer, 1983, p. 23) since instructional design

methods have been proven to be useful in creating effective

i

+
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instruction. - Systems approach instrucfion_was found to produce greater
éains fn a shorter time than did otﬁer medthods . :

Instructional design is important. regardless of the mediumAand in
dealing wiéh micros "an emphasis on a more syétematic approach would be
a productive union of knowledge from the past with a new technological
opportunity” (Robiyer, 1983, p. 24).

If relevant learning theories are combined with the knowledge of
the unique educational possibilities 6ffered‘b; the microcomputer in
the design of courseware, then perhaps the microcomputer as an
educational tool will reach its full potential.

Ih view of the consensus that'there sé;;s to be a dearth of
instructionally sound microcémputer courseware, it 1s the objective of
this thesis equivalent to design a packige to facilitate the

| 3

development of computer courseware based on an instructiodal design ‘

‘model, taking into consideration the unique educational  possibilities

offered by the nicrocomputer

)
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2. LITERATURE REVIEW

- McLuhan's “the medium is the message" should give us confidence in
affirming the educational possibiTities offere& by the unique
capabilities of the microcomputer. If these capabilities are not fully
exploited, then why should one bother to-:use the microcomputer if any
other medium wiil do just as well and probably not be as much of an
investment in both time and money? i}

Faced with a medium that s potentially interactive and adaptive
to the student's needs, this student can deveiop new learning
strategies based on the use mide of this flexible medium. The unique

.capabilities of the microcomputer can be put to the service of
fnstructional design and in this way an exciting new door is opened to
ways of learning!

2.1 Microcomputer Capabiiities
2.1.1 Interactivity

The possibility of interactivit} between microcomputer and
student seems to be one of the most salient capabilities of the
microcomputer in the learning process. It is this that sets the

' micgocomputer (and other types of computers) apart from other learning
media. The computer gives its undivided attention:-to the student for
the whole period that the student is in front of the screen; it attends
to oniy that student and is immediately responsive. In contrast, most
teachers can‘oniy give a few minutes a day to each individual student.

Interactivity is what causes programs to Qork; some response must be

)

>
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elicited from the student--even if this is only the pressrpg oJ any key

on the keyboard, or just touohing the screen. ﬂany authqrs refer to
this capability of the nibroéomputer when they discuss instructional
des!gn, but geoera11y feel that just pressing qn} key will not lead to‘
higher levels of cognitive activity. Hall (1983) states that deep
cognitive processes will not occur if the learner just "watches"; the
student must 'manipo]ate the content materfal in ways . . . not
~directly taugot' (p. 2). In order to achieve higher level 1earn1ng
using a microcomputer. teachexs must take a new look at computer //
courseware and n t design 1t s {f they were teaching a c1ess. Bor
,(1984) stresses the importanfe of “the quality of interaction® gp I
Blum Cohen (1984) favours fnteractivity that requires a qualtfative
response . . . from the student for the instruction to con/ﬁnue (p.
16), as well as variety in the type of responses SO as to avoid

boredom.

2.1.2 Individualization ,

Interactivity 1s'1nt1uate1y 1inked to another unfique feature of
the microcomputer; this is the possibility to individualize or
customize the courseware to answer to the needs of the student and to
cater to the preferred learning style of the student. Jonassen (1984)
suggests that through varfety of the instructional process a
compu r-learner dialogue can be established “based upon the types of
learner differences}you wish to accomodate” (p. 21). These different
learning styles or differences can be accomodated by learning
procedures composed of “"parallel and alternative learning activities”

(Ferraris, Midoro, & Olimpo, 1984, p. 41), as well as different

4
/

/

/
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learning strategies {drill and practice, tutorial, etc.) designed to

| achieve the same goal along with the incorporation of different levels

of detail corresponding to the student's tevel of knowledge.

For learning to be efficient it should take 1ﬁto cpnsideration.the
different characteristics of the learners (Wade, 1980). Another way to
do this is to allow the students to choose the most efficient sensory
input mode ?Visual, auditory or tactile) for them (Wade, 1980).
Caldwell (1980) also advises a“ﬁu]tisengory format where possible.

The placement. of the student can aiso be diagnosed bx a pretest or
set of questions in the courseware so that the entry point or offered
menu for each student will be/éBpropriate to his/her Tevel of knowledge
or skills (Hannum & Briggs, 1982). In this way the student is
chal]engednto move ahead and does not find him/herself déing boring
exercises which are below his/her capabilities. In this case the
interaction of the student causes the courseware to become customized;
each student by his/her performance may create and follow a unique
pathway through the material. This program diagnosis and subsequent
~branching is not the only method that the coursewa}e may be designed.
Another way may be a path preset by the teacher and another may be a ’
path chosén by the student or the student may even be given the choice
of having the teacher or program choose for him/her. The opr?n to
change options after beginning on a ‘certain path is another possibility
to give the stuﬂent even more choice and freedom. The'important thing
is to give the student as many options as possible to freely choose Q;e,
learning path most suited to his/her prefg:red learning st¥le. Blum
Cohen (1984) states that this active type of learning is desirable and

“has been shown to facilitate instructional effectiveness™ (p. 16),. as
]
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. well as promoting higher level Jearning by allowing the student to

organize the material according “to individual needs and his gy her own
LY 4 o .

internal Yogic-order of the subject matter* (p. 17). -?utureiretention of

the contenf 1s 1 duced/by allowing the student to organize and cluster

the material in that fs natural and logical for him/her (Flavell,
1977). v | . ,

2.1.3 Branching and Modularization \

. Another feature of the microcomputer which can enhance tnp/;uality

4

-of interaction Ls to allow the student to choose or change‘ﬁgths (as

§
¥

"already mentionéd) through the material, or to exit or enter at any

point. This branching can be done 1f the courseware is modularized
when it is desfgned. The content and different options (HELP, REVIEW,
POSTTEST, etc.) can be divided‘hp into small segments that stand alone
and so .students may do only the segment or seghents that thgy have time
or patience for. Their score (if desired) andNExit place can be
nonikorgd so they can plug into the same or another segment at a future

ddten \

~—  The same lessop may have different levels or tasks asseefated with

it according to the student's level, needs, or preferences as
determjne& by choice or a placing mechanism at the beginning of the
program: Caldwell (1980) suggests that the programs fbe modularized -
and structured in coherent hierarchical patterns®™ (p. é); this allows
sthdeqfi to skip sections that they‘feel they have already mastered,

and so avoids frustration.
Mdﬁularization assures greater flexibi]itx]of‘the materials. The

students can move along at their own pace and- take their own

g
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1nd1vi¢u$lized Path through the material. It also m;kes the content
easier to design and units can be added or deleted as required. Blum
Cohen (1983) states Epat n this wag'the coptent may be altered by
other teachers who may want to change its level.or parameters.

A program may brpnch‘éo two different HELP options. One may be
instructions to h%lp‘the student to use the program (i.e. get from one
Jsegment to another) and the other to he]p with the 1earn1ng task
itself. These two options should be cal]ed up by different names.
These names should be meaningfu] the first one might be called
INSTRUCTIONS and the second HELP. This HELP option should be truly
helpful. Simply restating instructions or the same definition over and . '
over again will not really help the gtudent to ad;Snce.' The HELP
option should be leveled, revealing more and more detailed information
as the student requires it in connection with the different tasks or ,
concepts to be learned. This function of the microcomphter makés the
courseware fmore user—friendiy and supportive of individual needs"
(Blum Cohen, 1984, p. 18).. ,

By be!ng allowed to choose the learning path.'th% ﬂELP option and
even to change the parameters of a lesson (;he number of examples or
problems, if and when to take a posttest, and even,;he mastery level
required) the student ta S more responsibility for learaing and this
cfeates a "richer instructional d1a1ogui: and "prombfés a greater
amount of achievement"™ (Blum Cohen, 198;i p. 18).

kY
29
.

2.1.4 C.A.L. Straiegies

Individualizing C.A.L. courseware is "important in maximizing

learning efficiency” (Wade, 1986, p. 34), but 1t also must not be

o

J
{
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forgotten that, although the emphasis in C.A.L. is Jn the learner, the
setection and use of the instructionat strategy must be appropriate to
the learning tasks (Hannum & Briggs, 1%82) ,and media. Not fully /
utilfizing the capabilities of the microcomputer has been one of the

‘greatest defects of C.A.L. courseware. Many programs are just

workbooks transposed to the scregn with questions addeg at the end and
!

eedback other than "Great” or "Try again.”

Sipce 1t is not ¢lear from research that C.xjff"is better in alY

> cases than-other media,\Leiblum (1982) feels that it is preferable to

.- use C \.L. for its ability™to resolve certain finite instructiohai
probiems. Among others he sugghsts it be used to provide remedial

instruction, to act as tutor in area>™that often present learning '

. difficulties to students, to afid in drill and P ctice and problem

solving whiare there is inadequate teacher help ava able, and in

sftuations which are likely .to improve or speed up 1earning by using
' the computer's unique capabilities.

v - fthers see gaming and sinulations as part of the computer's

greatest potential strengths in education for both of these allow the
%! ’ opportunity for incorporating moéivational principles in order to
maximize student motivation‘ (Spitzer, 1977; p. 67% Simulatiehs are
//;onsidered cost effective and safe (you don't have to drop a real
{/ niclear bomb to calculate its effects). Baker (1983), however, feels
that in some cases (not all) it is still better to go out and wetch
Mother Nature in ;ction rather than to try to simulate her.
Isay (1983) thinks that the software in the”'adrenture-game
_ formats is amohg the hest available* (p. 10). The aftraction af‘ghese

games is their “ability to offer surprise and the opportunity for

AN
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mastering the unknown" (p. 10). They allow for "mich creativity in
accomplishing tasks, but the goals and assumptions are readily
appg:gnt" (p. 10). Malone (1983) also feels that the three main
can. be used "to make learning with computers more interesting and
enjoyable" (p. 241). Caldwell’ (1980) thinks that games “can stimulate
motivation by capitalizing on a novelty effect” (p. 9). For Whiteside
-(1985-86), the context of challenge in computer-based adventure games
"can foster the development of problem-solving skills" (p. 116).
Although Baker (1983) does not negate thag ed’ﬁcationa'l _games are an
appropriate stra{e;y for the computer, he does caution against the
indiscriminate use of games just because they exist, and wonders if the
“curriculum is planned to include games at all costs or are learning
games selected to fit a ratiolna'lly structured curriculum?” (p. 207)

To teach -higher level thinking skills, Lofs Edwards (1983) feels
that using the computer for simulations, educ;’tional games, and as a
problem-solving tool could Be especially appropriate for gift".ed
students. Bitter and Gore (1985) also point out that the computer can
be used as a problem-solving tool, and therefore suggest the use of-

software that encourages the trial and error method of discovery.

These strategies are suitable for students as they require or encourage ’

divergent think{ing, grob'lem finding and solving, and risk-taking.

It is important to take into consideration the needs and level of
the students when selecting a strategy. Although offering the same
’m%?:ei‘ia'l ur'\der different strategies‘Gnd allowing the students to choose
may be the optimail 501 ution, they should also have the possibility‘/(

Wad
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change their minds, aﬁd strateg'les‘,“ if they decide part of the way

v

i

through that they are in above (or below) their heads.

Although dri11 and practice courseware has often been ma11gn3d
because 1t is repetitive and its authors have shown either little
imagination in its creation or have not fully used the microcomputer's .
capabjlities to enhance 1,ts potential, there are authors who'defend its
use. Isay (1983) says that'a'lth_o_ugp tf'ﬂs strategy has been mach put
down it can still be "a very useful tool” (p. 10). He states that its .
two greatest fl;ws are that "it repeats the narrowness of the workbook, -
and it misdirects the special qualities of the coﬁputer" (p. 10)=
Drills, however, that diagnose the user's weaknesses ind direcg him/her
to remedial ‘material are helpful. Malone (1983) thinks that'
"automatic difficulty adjustment” combined with the use of a fantasy
goal (instead of it just being so n’iany correct ‘answers) as 1n'conp‘ut'ér
games can make the drills more exciting and motivating.

The tutorial strategy can be used to teach new concepts. In this
mode the computer is the repository of the knos':'l edge and it “tutors"”
the student. Hall 41‘(1983) finds this mode attra;:tive if it leads to
higher Tevels of thinking. This%ed&elieves can be done if questioning
is condu;ted “purjposefuny and systematically" (p.°4). Remedial
feedback presenting the material in different ways can be an important
part of this strate&,‘ - -

It is not necessary to just use one strategy in one Tesson.
. . ‘ . '
Sevgfal strategies may e combined to enhance 1earning. “Tutorials

should be accompanied by creative drills or instructional games that

[
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.reinforce sk;lis and information and enhance the interactive nature of
instruction"’(Caldwell, 1980 p. 9).
2.1.5 Feedback -
Perhaps the most subtle of the computer 3 capabilities to aid

learning is the possibilities it offers for different forms of feedback

-and especially for the immediacy of the feedback. Different

P

appropriate'responses haye to be anticipated by the’coursedare designer
so as not to frustrate the student. Inappropriate responses can'be
folfowed by additional heip to guide‘the student towards the =~
appropriate responses (Eisele, 1978). ’

Blum Cohen (1983) feels that the main role of feedback should not
be to strengthen or reinforce correct responses but rather to locate
errérs and provide additional information to help in’the correction of
these errors. Caldwell (1980) refers to ‘this aspect of remedial
feedback as prompts. These prompts should reflect an analysis of the
error and provide'speci?ickjnformation to the learner .about the nature
of the error and be meaningful because they lead to the desired
outcome. These also reduce learner frustration and avoid having
students guess until they get the right answer.

Remedial feedback should not iust return to the original
presentation of the information but present it using an alternate
ap oach (Blum Cohen, 1984) and successively reveal more inforlation as
neefded. It was found that students who received only the correct

o

answer as._feedback retained signiél;antly less than those who received

more detailed feedback (Crawford, 1981). Feedback follouing wrong
/ .

responses 1s more beneficial to Yearning than only providing positive
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feedback (Blum Cohen, 1984). "It is not the reinforcing effect which
primarily promotes learning but the { nforliational content of the
feedback which helps. the student to locate ‘and correct inadequacies in
his cognitivé processing” (Tait, 1984, p. 17).

In his study of computer games , Malone (1983) found that “to

)

. engage ‘1 earners’ curiosfty, the feedback . . . should sometimes be

' &
surprising” (p. 246), as well as constructive. It can “provoke

curiosﬂ;y by presenting a paradox or reveaH ng an incompleteness’ in the
learner s existing belfefs" (p. 246). . .
. If feedbfck is reinforcing it is important that the feedback for
an incorrect response not be more rewarding, exciting or motivati ng
than that for a correct one ehrberg, 1979) and if negative feedback -
is offered (many feel 1t's’hould not be offered), it should not be “of
damage to one's self—este'eu" {Malone, 1983, p. 243). )

The type of reinforcement should be apprOprilate to the user's age

and level (Blum Cohen, 1983) Users, even very young ones, are

becoming very sophisticated and they easily see through and get bored
with the graphics and ausica! reinforcement routines and prefer
reaqtions to .their errors (Isay, 1983). It is also not necessary for
rei;lforcenegt to follow every correct response and 1t has been found
that different reinforcement ;bhedules and delaying feedt;ack. can cause
learning to be retained longer (Crawford, 1981).

Feedback shouldepotiva}:e towards the goal (Damarin ) Damarin,

1983); this appears to happen when the swden'fs can monitor their own

. progregé. A status re,ort should also be given at the end of each .

segment (Kehrberg, 1979). “Any tables which are updated as a result of

4

student interaction should be continuously displ ayeti on a part of the

H
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screen” (Kehrbgrg, 1979, p. 168). This continuous visual
representation of the score seems to be one pf the ways that computer
and vided games attract and maipfain éhe attention of the players.. In
these games, movement, sound, and colour provide feedback aboui the
player's performance “andlencourage pla&érs to seek greater and greater

heights of achievementt (Lally .& Macleod, 1982, p. 450).

.6~1Se1f-conta1nment

‘Many view comﬁuter courseware as but a part of a whole unit made
up. of teacher and student manuals and the actual computer coursewa?e
lesson. Although i1t 1s a good idea to provide some written information
for the teacher (with content, level etc.) it seems that the less dﬁg

complicates the student's 1ife with manuals, the better.

¢ ™

: b

One must not assume that the user has access to the manual and
even if the manual is available "it probably will not be read. . . .The
device should quument itself" (Clanton, 1983, p. 263-264). One way to

‘siupI{fy the dsé\at\c.A.L.‘fs to dse a familiar object as a model so

that you don'‘t need a manual, or even an INSTRUCTIONS or HELP option to

understand how it functions, e.g. Applé‘s'Lisa uses the mouse to press

the keys of:a:hand calculator. (Sam Edwards 1983) '

Student not want to read a few chapters on how to make the

\
program work; th€y want to sit down in front of the computer and DO

- something. Beyond hiving to be told to‘;lip the disk in and turn on

the power, the program should be self-contained 3nduseif-exp1anatory.

" "Good software teaches you to use it as well as teachiné,you content.

This 'lead-me-by-the-hand' quality is very important because it

o '

A
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deqystifies the computer and nakes everyone comfortableugg the
' keyboard' (Isay, 1983, p. 10). A

" The screen should maintain the students' attention and guide them
througn the program without having to refer to o.manua1 to seeahow to
get to the nert unit or menu. If the computer is going to be busy for
a minute it should teii the student 1t is busy and not leave a blank °
screen and have the student think sometning is not working. ‘A
permanent oeded 1ine may apoear. or be called op easily, at the top or
; bottom or side of the screen, so that the student may know how to get -
to any of the options available, e.g. HELP, REVIEW, MENU, etc. g

“A computer eourseware unit can be completely self-contained. It
may begin with an expianation of how the program works, followed by 2
pretest, exercises examples and demonstrations, information
presentation, practice, remediation. posttests ano scorekeepino.

-
v

2.1.7 ‘Eraphics and Cueing

The coﬁooter 1s not a written medium and text should be kept to a
minimum. It is “wise to minimize the amount of ie;t on the screen at
any period of time” (Kehrberg, 1979, p. 107), Caiéwei] (1980) suggests
that learners be shown raéner than told. "The overhse.of exposition is
tnefsingle biggest mistake instruc}ﬁonal designers make" (p. 8). Even |
instructions and directions can be provided using the coqgg;er's
‘capabilities'to flash, erase, underscore, rewrite, and animate.

1f texi must be used, then research and.common sense have oome up w

-with some useful guidelines: . | : R

Use larger characters for younger cdhildren.

Break up the different frames by interspersing questions.

A

;\:":. ; /’\_
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Do not allow the screen to scroil.

Aifow the student to contrdi the rate of display.

60 not d‘erioad the screen (Kehrberg, 1979).

Do not hyphenate words (Brockmen, 1982). ‘
. Double space the t ext (Caidweii,‘1980; Hathaﬁay, 1984),

21

AlTow or incorporate frequent rest breaks if the text is very

. 4
long. ¢
EF s . e

" Use upper and lower case letters.

Use a letter size that is sharp, defined, and clear (Hathaway,

o

1984). : : ) g

In order to avoid tedium and eye fatigue there is a need for

diversity in the types of formatting and for the addition of

non-textual elements (Kidd & Holmes, 1982), The microcoifguter's. unique

capabilities are ideaf to furnish these. lnformation that is an

_undifferentiated mass difficults both comprehen51on and retention and

so attention can be directed using such cueing devices as coior,
underiining, spacing, graphs, diagrams, and Visual imagery. (Kidd

Hoimes, 1982).

&

Caldweii (1980) states that too much text,can discourage the

learner and so suggests using reverse highiighting and graphics to

- accentuate inportant sentences or words. Color can be used to coler

code feedback, provide prompts, and direct attention. Animation,

gréphics. and cartoon, characters also create vartety and interest

(Caldwell, 1980).

Since Heckel (1983) feels that "software . . . is a visual

medium,” he states that “autha®s should resort to words as a last

resort” (p. 144). Even cinema is a visual medium, according~to him,

B Y

‘%
.
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and he feels that he 1s supported by Alfred Hitchcock, whom hé quotes:
"When we tell a g_:ory in cinema, we should resort to dialogue only when
' 1t {s impossible to do otherwise" (Heckel, 1983, p. 144). —

To under:'stand how a visual wedium works, Heckel (1983) has studied
Walt Disney's cartoons and states that the principles that made Disney
successful can help make computer courseware successful too.
- Courseware designers can try to use some of the same technique.s as the
Disney animators:
The audience {is involved - a familiar or appealing idea or
chargg:ter s used.
"Identify the essence of what should be communicated in a\scene
and determine the minimum needed to say it" (p. 147), (i.e., don’
‘crowd the screen). B

"Slow in® and "slow out® (p. 147) are used to draw the user's eye

and attention. A . ' \'\ .
g ' _ Every scene (screen) is interesting afid advances the story.

" Blum Cohen (1983) concurs with this when she states that the

actiio;': should occur on the screen.
Although the use of graphics can enhanée lgarning if used
~ appropriately, its indiscriminate use can turn learners off by
frustrating them if the routine that is supposedly ‘rewarding' them .
J slows them down or bores them. The use of graphics should not distract
the learner nor detract from the content. The graphics should be
embedded in the content to support it and add interest (Blum Cohen,
1983). | |
_Graphics and other cueing devices can be used to jog tl)e memory

. and prbﬂde cues for new information. . Cues can also slowly be
5 . o : §
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withdrawn or fade (Blum Cohen, 1983) as the Iearner becomes more

-

familiar with the material.

2.1.8. Random generation

Random generation allows sets of exercises or tests to be -
partially or completely different each time the courseware is used
efther by the same student or by different studonts. This feature is
especially helpful to keep dnil] and practice exercises from becoming
too monotonous. Caldwell (1980) suggests that three times the number
of {tems be put-into the pool as will be used in the exercise. With a
random number generator for math problems, the possibilities ;re
infinite. -

Tne use of the memory of the computer o; a data base can help
students have access to more ;nformation and can also be the source of

/

the algorithmic generation of problems.

T

2.1.9 Computer-managed instruction

Complete and detailed records of every student's performance can
be kept by the computer courseware program. Three things area achieved

by keeping these records:

1. The teacher can monitor the studentis progress and see exactly

where the student is making errors so that remedial steps can be taken.

2. The computer can monitor the student's error patterns and send

the student to appropriate remedial material.

o

3. If the student knowsqis/her work is being monitored 1t will
discourage him/her fron putting in unaccéptable answers or names. (The

program will only run if a name that matches the teacher s 1ist is
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A

1nput:/;i;student number may also be required to keep students from

practicing under someone else's name.)

. 2.2 Instructional Design ‘
Dealing with the unique capabilities of the microcomputer is only
part of the total design of C.A.L. courseware. These qualities are

crucial as they are what separates computer courseware from other types

. of e49cat10na1 media. Sugiﬁara (1983), the Director of E1e¢tron1c

Publishing for Harcourt Brace Jovanoviéh Inc., feels that presently
courseware’development reflects “thé relative immaturity of the field,"”
but ;as we gain a better understanding of theo'nature' of the computer,
we will be better able to make the most of jts special qualities” (p.
13).
. These special qualities alone will not lead. to pedagogically sound :
courseware. They can be put at the service of an'1Q§tructiona1 de§j§n
model and enhance ;gpy aspects of 1t;.they “sﬁould not, [however],f
overshadow the importance of instructional concerns" (Rawitsch, 1983,
p. 332).° '

In order to unite this new technological opportunity to '
instructional design, the'syste@s degigq model has been chosen.
Research seems to be proving the effectiQeness of the instructiona)
systems approach (Hann;b & Briggs, 1982). Roblyer (1983) concurs:
"Systematic instructional design methods have proven utility in -
creating effective, useful fnstruction" (p. 24). .

Since this ﬁodel is a theory-based one, culled from the knowledge
o? how humans learn, it can lead to predfctable learning outcomes ada A

if formative evaluation fis praq}iced the effectiveness and quality of

<
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the materfal can be maintained. The quality of traditionally developed

‘instruction, however, 1s very uneven and usually unpredibtab1e (Hannum

& Briggs, 1982). _ a
Hannum and Briggs'(1982) define this systematic type of
instruction in terms of general systemi tﬁeory. “The instructional
system is viewed as composed of various interrelated components
functioning together to achieve & pufpose" (p. 10). Roblyer (1983)'
expands a bit more: “The theory behind 411 systems approaches is that
desired skills can be identified and instructional conditions can be
arranged to make given student%;éapable of learning the skills. The

product of ‘a systematic approach is a sgquence‘of instruction designed

_to teach the skills efficiently and effectively” (p. 27).

Hannum and Briggs-(1982) present a description of the main >

" elements of a systematic approach to instructional design. These are:
. Q. ’

Goals and Instructional Environment

The goals are derived from an analysis of the environment of: that

~ system. These can be based on a needs agséssmgnt.

Performance Objectives ‘ ! y

A specific statement of the objectives of instruction is presented

in terms of the observable outcomes expected from the learners.

»

The Learner

This approach is student centered. The general characteristics

and specific capabilities of each learner (entry behaviour)'before

beginning the instructional sequence are identified so as to place the

learner at the most appropriate point fn the sequence. If the y
instruction is not successful it is the instruction, not the learner,

%?at is considered ineffective and changed.



Instructional Strategies and Media

These are appropriate to the 1earning tasks and to the

characteristics of the l1earners. The idea of a "best” medfum is

L rejected.

Lesson Design . o .

+

A. A learning task analysis is carried out in order to

effectively sequence subordinate skills (hierarchies are establ ished

and objectives sequenced). --

B. Provisions are made for desired instructional events.

Selection of media and content is intended to initiate the desired

events. Gagné's conditions for 1earning are utilized. These are:

1. Gaining or directing attention;

2. 1informing the 1earner of lesson objective;

3. stimulating recall of prior1 ;arning;

4. presenting stimuli with distinctive features;

5. guiding} earMng;

6. eliciting performance (student response); .

7. providing informative feedack;
8. enhancing retentm earning transfer;
9. assessing performance.

These external events support the 1nterna1 learning process

hypothesized to occur. -

s Format ve Evaluation

B )

"This evaluation is based on data regarding learner performance in

terms of expressed object'lves. It is the process of {nstruction, -not

th\e outcome (student progress) that is evaluated. -

*\



o=

27
Student Performance’ Measures

Evaluation is objective based. Mastery of Eﬁe objectives is
measured, Student§ are compared to a desired standard or criteridn,
n® to each other.

Several models for the systematic design of ihstruction are
available, Although they all present in general the main e]qpen{s
discussed above; they vary in their degree of comprehension and detail. -
For example, Romiszowski's (1981) is ﬁefhaps the mosfmcomprehensive
oney’ whereas Gagne and Brigg's (1979) offers greater detail for its
implementation. Somewhere in between is Dick and Carey';\11978): not
as comprehensive as the other two, it is, however, very explicit %n fhe
explanations for its use. This level of detai},, although making it the
most expedient model of the three, still requires that considerable
time Be spent byPthe user if its application is to be profitable,

One probable cause for ghis is the fact that several pos§ible
media are considered in the model. Another is the number of examples
from different situations that are used to illustrate the steps. It
was felt that adapting this model to the specific situation of the
microcomputer medium, and rewriting it as a job E?E; could helﬁ reduce
) the time needed for its application by teachers, who may or may not be

acquainted with instructional design.

. 2.3 Conclusion
‘The 1§terature review 1eads us tﬁ\g?nclude that comput er
courseware whjch appropriately maximizefjihe use of the computer's

iy )
unique capabjlities is lacking. Missing from available courseware also

’
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is a lea.rnigg-theory base which effectively éxploits thesé\c\apabi‘lites.

Therefore it is the aim of this thesis equivalent go propose a ﬁ::gdel
“ which will unite-the capabilities of the microcgnputer with the

principles of'instructionﬂ design.
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. g
Q

6:; Many agree that the systems design model favours effective and
efficient learning and many also‘believe that the microcomputer as an
educational tool has great potential if instructionally sound .
courseware is developed. It is therefore the aim of this thesis
equivalent to bring together these two eleménts (instructional design
principles and microcomputer capabilities) in a model (instructional
*design aid) for computer-courseware development. This model should
prove useful for the creation of instrug&ionalfy sound coursew;re which‘
will, at\the same ;jmé, make effective use of the microcompute5/
medium, . i ‘ ii

At presént there seems to be a lack of courLeware devel opment
models that use the systems approach to design and which are succinct
as well. Brevity is70f great importance if a model is to be used.

Other models may ‘of fer more detail, but at the risk of scaring off
potential users whohfre immediatg]y intimidatedjby tﬁf_zf]k of thé \
material they have to plow through, before even beginning to design

_their coursewaré.' ) -
-Crawford's document on courseware design (1981), although very
complete, i§ quite long giving mﬁch detail on different topics, which
althougﬁ ‘nice; to know, are not 'necessary’ to knbw, if wilt the user
wants to do is immediately begin the designing process.

Mahy and Basque's work, Guide de création de didacticiels (IQQQ)

is oriented prédominant]y to ‘screen desigﬁ and does not deal -in any

substantial fashion with instructional design theory.
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" The Author's Guide, published by CONDUIT (1981), is more user

friendly in that 1nformation "is presented in small bites and is easily

accessed. However, it does not get the user working bywlnvolvlng
L] . . < . -

him/her in the creative process.

P ,
b4 S T . Q
o

| The proposed instructional ‘design aid, in its introdiction, only

presents a few briéf notions on what makes computer courseware

! )

successful and then, in the design section, immediately putscthe user

"to work syiifmatlcally designing th courseware, by having him/her’
, answer pertinent questions and direclly implementing the enswers-on an
| accompanying worksheet .‘ \_
The specific podel chosen is the one by chk and Carey (1978).
N This model contains all the elements considered, elther.explicitly or
implicitly, in the articles of Hannum and Briggs, Gagne, Wager,.
Caldwell, Blum Cohen, and Robiyer among others. It was felt that this- -

) . . ,
model would also be easily adaptable to the creation of microcomputer

courseware.
o N

e
e

3.1 Development of the Model
,a~.~521Ck and Carey's model was also applled in the development of the
+ {nstructional design aid. The fo‘lowing steps were elaborated:
: . * "A) IDENTIFICATION OF INSTRUCTIONAL.GOAL i
The.instructional goal for the instructional design aid is that
the users of the aid will be able to create courseware for the computer'

using instructional design principles and 1ncorpopating the speqific

capabilities of the microcomputer.

o
.§ v
"
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B) msmucnom ANALYSIS " | .

g9al:

. provided for the users.

31

The instructional analysis for- this activity is Provided‘by Diq}
and Carey and 15 better summarized #n their model (see Figure 1 on page
32).  This model is further simplified in the following set of
subordinate skills needed bylthe users to achieve the iﬁstructionai

K8

lf Formulate an instructional goal \

, 2) Conduct “an instructional analysis of the content '

3) Ildentify the entry behaviours of the learners §\
4) Describe the general characteristics of thé target population ° (‘
5) Formulate performance objectives - ”

L]

6) Design.criterion-referenced tests

. 7) Develop an instructional strétegy

8) Develop the instructional materials

9)“8ecome'fami\iar with the capabilities éf the microcomputer,
C) IDENTIFY ENTRY BEHAngURS o T
Iﬁ;'targe; popul ation for theiuée_of Fhisxﬁodel‘aré people
associated with the teaching profesgion,-who may .or may not have
already taken an instruct1onal design course and who are attempting to
design a piece of courseware to be used on the computer.

Since not all of the target population may be familtar.with
either the concepts of” instruct10nal design practice, or the different

capabilities of the mictocomputer, all the steps identified in the
o )

ﬁnstructioﬁal analysis will be included in the inst ructional materials

- 3
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J

D) PERFORMANCE OBJECTIVES
Each set of performance objectives for this instrﬁctional design

;id were obtained from each step to thg instructional analysis as

indicated by their numeration,

1.1 Users will be able to formulate an instructional goal in general

terms, which cover all the contents of the méterial to be presented in

their courseware.

1.2 Users will not make the instructional goal as specific as tﬂéir

performance. objectives. ’

2.1 Users will identify the subocdinaté skills or knowlédgg needed by

their target population to use the courseware. |

2.2 Users will identify subordinate sktlls or knowl edge needed by

their target population to attain their instructibnal goal.

3.1 Users will identify which-skillﬁ their target popula{ion will

k4

already possess.

L 4
N ¢
3.2 Based on these skills, the users will identify the entry point of
the courseware and decide whether or not to include subordinate 3kills
in the courseware. .

a

4.1 QSers will describe the relevant characteristics of their'target
L . )
population, 3 .

4.2 Users wil} correlate the characteristics of the target population
with courseware design considefations.

5.1 Users will write performance objectives which specifically
identify the skills their target population will need to learn to reach

the instructional goal.

L
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5.2 In their performance ijectives, the users will identify the

"conditions under which gheic target population must perform these

skills, and the criteria for successful performance.

6.1 For each performance objective specified, the users will create an
assessment instrument which will measure the learner's achievement.of

6.2 Users will chooge among the different types of )\
criterion-referenced tests presented. These are ehtry-behaviouﬁ tests,
pretests, embedded tests, and posttests.

6.3 Users will decide which medium they will use to present their

-~

chosen assessment instruments.

6.4 Users will write clear instructions for these tests, as well as
including examples and practice opportunities. J
6.5‘ Users will decide whether these tests are to be speeded or not.
7.1 Users will decide upon the means to achieve their terminal |
objective or instructipnql goal, by‘?dentifying preinstructional
activities, the mode of d%esentation of information, the type of
pracgice and feedback, and any ﬁolfow-through activities. A

" 7.2 Users will choose which hresented instructional strategy or
combination of instructional strategies for the microcomputer will best
lead to the achievement of their instructional goal. These are drill
and practice, tutorial, simulation, and educational games. 4
7.3 Users will identify whicq\ parts of )the courseware will be
presented using which strat eqy.

8.1 Users will choose vocabulary, exercises, tests, and feedback which

are appropriate to their target population.
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8.2 Users will use feedback which is either enriching and/or remedial.
8.3 As well as thelcourseware itself and the criterion-referenced
tests, the users, who wish to, will create a teacher's guide or
manual, <o
9.1 Users will choose -among the cdmputer capabilities presented to
devel op diffe}ent areas of their instructional materials.
E) CRITERIA FOR EVALUATION OF THE MODEL u

No tests per se will be administered to the users of this
instructional design aid. The checklist of questions used to guide
them through the creation of the courseware will be compared to their
finished product to see if all the appropriate steps have been
included and the work corresponds to the attainment of the performance
objectives of this instructional design aid.

Templates for each user will be created and the result of a
comparison of the finished product with the checklist of the questions
and with the performance objectives listed in D above, will e kept.
%) DEVELOPMENT OF AN INST%B;TIONAL STRATEGY AND MATERIALS

Since many of the members of the target population are not skilled
at using a computer, but have all had great practice with the use of
pencil and paper, or typewriter and paperf it was decided to make this
a "pen-and paper" exercise. This is a portable and flexible medium.
Since it is not important where this éxercise is completed, this medium
seéﬁs appropriate; it can be carried to the office or to the sofa; one

does not have to wait for someone else to get off the computer to

bégin.. Any free moments can be used to work on this exercise.

“
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Since most people in our “{1me is money" culture are usually short
of time (and probably money too) it was decided to make this into a job
atd that would not require great amounts of reading or preparation i;
order to begin. A shor&rreview of computer capabilities will precede
the actual design model. All instructional design principles and
microcomputer capabilities will appear tp the form of questions which

will guide the user to the creation of the cour;ewaré. Gu%ded.by this

\

checklist of questions which indicates what each step is to contain,

users will write up their answers to these questions. When these

questions have been answered, the courseware design w{ll‘be completed.
L
Users will then read the sections about the design and carrying

out of the formative and summative evaluations as well as about the Ny

»

revision of the courseware:- The users are not expected td complete
these parts of the instructional design aid. ‘

_ The resuit of this instructional strategy is Appendix A.
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‘ 4, EVALUATION PROCEDURE

a

3
1N

Formative evaluation of the proposed instructional design aid
was carried out following the first two steps of the.method elaborated
by Dick and Carey (1978). The first step was an 1ndependen§
evaluation obtained from three cdhtent experts. The second step was a
one-to-one, or clinical evaluation, with two subjects who are typical
of the target popu]ation. These représent;d the average group.
it was not possiblé, at the time, to find anyone represenp{ng those
who are slightly above or below the average. The final step.was a
small-group evaluation done with 14 subjects from the target
population. ‘ w%

Feedback, collected at each step, was analyzed and used to modify *
and)}evise the instructi§n31 design model.

T

~ ] 4,1 Evaluation Method

4,1.1 Expert Evaluation

A first version of this instrugtional design model‘was presented
at ‘the 4e colloque du CIPTE (Singer & Amasuno,'1983) where it
received a critical review from two experts (Hanofd Stolovich & Jean
Louis P]ante; l983f. Their suggestions were taken into consideration
and Appendix A presents the modified version of the.model.

At the time the oﬁe-to-one evaluations were taking place, the
opportuhity arose to have a third expert exﬁxiﬁe the model. This third .

expert, a professor of Instructional Design at Concordia University,

Mariela Tovar, had no problems with the model, Hut did have many useful
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suggestions about what might be changed %n order to facilitate its use
by other subject;. Thfs expert suggested that the aid Se made as
practical aé possible; to this end the vocabulary should not be too
academic in natu::. This expert suggested the following:

1. fhe terms “mnemonic cues"” and "necessary, nice, or nuts to
know" should be removed. |

2. In the phrase "Are the objectives ‘achievable?", (p. 26) the
last word should.be changed to realistic. i

3. In the Conduct Instructional Analysis step, in the question

"Have you identified the learner needs?", these last wo}ds should be

»

changed to subordinate skills.

4, In the beveIOp Instructional Strategy step, the question "Is

.each idea no longer than two sentences?" should be changed to "Is each ,

fdea expreésed in as concise a manner as possible?"

5. In the Introdﬁctign to the Mode}l, in the section on Coursewre

Design, the subtitle called "Self-containment” should be changed to

“Sel f-explanatory"” and that the reference to self-containment in the

text ofthe section be eliminated. ,, -

6. For the.formative evaluatioﬁ of the model the content and the
target population should be given in order to make the‘evaluat;on of
the finished products easier. |

7. The model should be made up of two co~ordinated booklets--one

con?aining the design guide and the other containing the corresponding |

worksheets. .

8. Examples should be given for each step of the model to

" {llustrate the given definitions, s

’
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0, The question about whether one wants to use Drill and

Practice, or Tutorial, etc. should be removed from the Identify
Instructional Goal step and be put in the Develop an Instructional
Strategy step. (p. 33)

10. For emphasis, certain words and sentences should be

. . A
to what your are doing.," ‘ ! \

4,1,2 One-to-One Evaluation

- In this step, two subjects were independently given the
insiructional design model and asked to work throuqﬁ it. The author of
the model sat and worked with each subject on an individual bas%s.

" The author explained to the subjects that these were new
materials and asked for their reaction.to fhem. Comments about the

form, the content, the instructions, the concepts, and other pertinent
!

. information were noted, as was the time it took the subject to go

~

through the material.

The subjeéts found the idea of the instructional design model to
be a he]pful'one, as it made the tasi of designing cqmgutercfour;eware
1ess overwhelming. These subjects suggested the fo]lé;ing:

1. The Sumﬁative Evaluation stepvshou1d be included in the model
after the Revise Instruct;on step. ” |

2., The two separate stebs, Conduct Instructional Analysis and
Identify Entry Behaviours and Characteristics, should be put together
as one step calléd Conduct Instructional Analysis and ldentify Entry
Behaviours, and that a separate step be called ldentify Ge?eral

Charactériqgics of the Target Populatien.
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3, 1In the Write Performance Objectives, the impersonal article the

should pq§changgd to the possessive pronoun your, ( e.g. "Do the -
objectives match the curriculum objectives?" be changed to "Do your
aobjectives match the curriculum objectives?").

4, The expression “necessary, nice, or nuts to know," which refered

to the performance objeﬁtives should be eliminated éé it is too

. esoteric,

-

5. For the séme reason, the phrase "mnemenic cues" should also\be
eliminated. N o ‘ ‘ J )
The suggestions made by the two'subjects and the third expert in
the one-to-one evaluation phase were taken into consideration and the
model was revamped. Further study of the instructional deSign model by

its author ted,to other modifications. The result of this jrocess is

the instructional design model which was given to the 14 subjects from -

the target population. This version can be found in Appendix B.

4.1.3 Small-Group Evaluation \. - .

After the instructional design model was revised based on the data-

collected from the one-to-one evaluation, a small group evaluation was

carried out on members of the target population. A total. of 14 -

subjects were asked to participate on a voluntary basis. Nine of them

are teache.; at the CEGEP level with no formal training im
ins :%?@a‘ al design. The remaining five are/ﬁurrently enrolled in the

_ Graduate Program in Educational Technology at Concordia University and

a

b
have taken at least one course in instructional design. Since this

model is not intended to be used in any specific location the subjects .

)

&

B

(Y
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were allowed to use it in the setting in which they would normally

e

carry out this type of act1v1ty.

The author of the model exp]alned to each subject individually
that/g?e materials were in the formative stage of developmgit and that
feedback would be gathered from them after they had used the model so
that the materia]s\qg;1d be improved. .

In this step the aim was to find out the probléms involved in the
implementation"of the model: To this end-an attitude and difficdlty
questionnaire was given to all the subjects (see Appendix D), in-depth
discussions were,helg with some of the subjects, and the completed
model forms were reviewed and analyzed.

Subjects were given the revised version of the nodefydnd a pruslem
(iq which both the content and target population were specified) to
work through, These can be found in Appendix E. .

Students were also givén a Time Log (see Append1x F) to see how
mdch time they spent working dn the model .,

4.2 Results and Discussion

Two of the- 14 subjects given the 1nstructlonal design model did

not complete it, and so were withdrawn from the sample.

l‘f'
-In general there were no comments about the process; some of the

& T

~

subjects simply Timited themsel ves -to answering "yes" and "no" to the
questions presented in the model to guide them, Two §ubjects, however,
did make comments whi]e‘answéﬁ?hg the questions in the design section
of the modelf‘(One subject asked for more examples of the instructional
goal as she did not know "how broad to make the general statement.”

She also wondered, on page 27, { Ajpendix B, ) how many were "too
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many objectives” for one.unit? On the same page she suggested that the

word "related" in the'question "Are your objectives clearly related?"
be changed to “ﬂZterrelated." -Both subjects were unclear about the
meaning of the question “Are consequences to making errors ere
rewarding than giving a correct answer?"

The worksheets were analyzed in the following manner: First, the
performance obJectivee which appear ed'pages 33 to 35 were compared to
the finished products fo see if the users had indeed achieved each °
objective. - Second, the actual checklist-gpide dueetions which appear
in the instructional a{d (Appendix B) were,c;mpared to the finished

prodyct to see that these had been answered and used as a basis for the

' answers on the worksheets (which is the compieted design of the

courseware). )
.For the INSTRUCTIONAL GOAL the criteria-are: f§§§hat jt be a .
general statement, 2) that it cover all the caontent in that part1cu1ar _

piece of courseware, and 3) that it not be as specific as the

performance objectivies. In general it was found that this criteria was
followed although ope subject expressed the instructional goal as a
performanfe objective and a“few others did not cover all the cbntené.
It is felt thatnpy/giving more‘éxempfes and expanding on the definitioq
of what generalldqal is that these shortcom,ng; can be overcome.
These and all modifications to the model can be found in Appendixvc.
qFor the INSTRUCTIONAL ANALYSISOAND IDENTIFY ENTRY BEHAVIOURS the
criteria are: 1) that the subordinate skills or knowledge be presented
in hierarchical fashion, 2) that all the subordinate skills needed )

appear on the hierarchy, 3) that the entry point for the target

.population be indicated, and 4) which of all these skills and knokledge
- g -

AN
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will be included in the coursewaT. Although several users had reversed

their hierarchies, the skills weré generally clearly identified. Not

N A .
all the content skills appeared on the analyses. The entry point on
all worksheets was not indicated. In order to remedy these problems, a

temlate of a hikrarchy will be presented in this section and the

. definition will be exparlded.

For the IDENTIFY RELEVANT CHARACTERISTICS OF THE TARGET POPULATION

_the criteria are: 1) that the different charactecistics (age, probable

attention span, education, culture, physical abilities, keyboarding
skills, and other special abilities or interests) of the target
population be identified and 2) that these be correlated with di fferent
courseware and microc\omputer‘ considerations. This section followed the
criteria quite ;1ose1*j, the only difference being that different users
enumerat ed more'or less characteristics and corr:esponding consideration
thar; did others. |

- For the PERFORMANCE 0BJECTIVES the criteria are: 1) that these be
specific statements identifyiné wh;f: the target population will learn._
2) under what conditions they will perform these skills: 3) the “
critgria for successful performance, 4) that the objectives be

interrelated and S) fai'thfuny refl ect the‘cont'ent. These were

generally well done, the difference being again the number of

objectives pre?ioted. Only one user had a general statement as an .
objec.tive. In the revision;s _/t/“o this ?ection the definition will be
expanded to emphasize the‘f«a/ct that these must be rllearn, aetailed, and
precise staiement,s and an gdditional example wm‘ be given. .

_Far the DESIGN CRITERIG{(-REF}ZRENCED TESTS section, the criteria

ate: 1) that the test items be directly related to the penformance

¢
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objectives, 2) that clear 1nstructiops, exaMé]es and practice_éxample§
be provided.n3):that'logical respdﬁ;;tformats be used, ana 4) that
feedback be provided, and that it be either remedial or enéiching. The
biggest problem in this area seeﬁed to be the questioﬁ of feedback.

Many users did not use either remedial oc enriching feedback, rather

N, .
Jimiting themselves to either "right” or "wrong."” In order to remedy

his an extensive section on feedback will be moved from the following
section to the be;;nning of this one i? that the iuportanqé'of these
types of feedback will be clearly understood. .
In the'OEVELOP’INSTRUCTIONAL MATERIALS seétion the criteria aré

l);%hat the strategy choseﬁ‘belappropriate to the content, 2) that the
performance objectives correspond to the &escription of the content;‘on
the screen, 3) that }he computer capabi]iiies be appropriate to the
presentation of the contents, and 4) that the chosen strategy and
computer capabilities be appropriate\to the target populaﬁ?on. The

quantity of material.presented was the major difference among the

di fferent products prgséhted. Micr apabi[ities were used to

advantage, except'foﬁ branch1n§ A question on added

to the checklist-guide questions to remind the users that this is an
important computer capability. Al but ‘two of the users chose the

P

" -
drill and practice®p tutorial strategies (the other two having chosen

a game), /Iﬁigfséems to be due to the fact that the Dick and Carey

desiaﬁ‘mgﬁel seems to lead logically to these types'of strategies.
In this section there is provision (optional) for the design of a

teache;'s guide or manual. -The criteria for this are: 1) that it
0
include an overview of the courseware and 2) information on how to have

o

it run on the computer. .For the most part, the users, who ¢ompleted
% a
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" this section, tended to include information about the confent. but not

about the m%crocomputer. in the check]ist-gdide queStions”sévéral
eiplict'qqutions will be added indicating that both these aspects of
the courseware Shgglg be included in & teacher's guide or manual,

The rest oﬁfthe model was presented as information for the users

and was not compulsory. The few users who did fiii in the worksheet

. (s :
"~ for the formative evaluation seemed to have a clear understanding of

1

what this step did. = A T .
e results for. each subject, summarized in template forms, can,be.

found i Appendix G, Each tempiate includes considerations for

‘modifications of the instructional "design aid. based on the analysis"qf

the criteria derived from both the performance ob;ectives and the
checklist-guide q\;estions. A summary of these recomnendations is
présented in Table 1. ‘

1A summary of these resuits,; 1n'tﬁgaform of a matrix with ‘ c .
information of whiZh ijectiCE?\qgre attained per %ubject. can be ,k

1

found in AppendixNH. .
" From this matrix it can be seen that on the Qholg the subjects
were able to clearly formulate the instructional goai and the
performance objectives, as well as 1dentify‘;11 tﬁe rel evint
characteriétics of their tafget pppulation. Cﬂoosing and desjgni&g

assessment instruments ahd an jpstructional strategy also posed no

problems. Incomplete answers were due to time constraints on the part

-

of the subjects, e.g. many performance objectives were given, but
[y ? R %\NL‘ .

assessment 1nstrumqnts were not done foreach one-or only a few

1

performance objectives were detailed and assessgeng“jnstruments done

only for these. As previously discussed :ost suhrjects failed to use
' ’ ?
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renedial and enriching feedback. This can be clearly seen in item 8.2 -

of the mh;r{x. Another.area which was not mastered by the subjects,

as cited above, was the creatijon of a teacher's guide or manual. Some

. chose not t6 include dne; while others were incomplete incorporating

either only computer-use instruct!ons or microbiology considerations. ~

This can be see in item 8.3 of the matrix.

It has been mentioned hefore that all but two of the users chose

- the drill and practice or tutorial strategies. None of the users chose

to develqp'coufseware meant for group learning. This may be due to ghe
fact that the Dick and: Carey model, as is’ the case with most
instructton;lrdesign models, was developed to promote individualized
fnstruction. Also, the égzzematig approach to instchtion'1ends itsel f
very uell'to‘jnsiruct1onal stategies based on reception learning,c
whereas it’is difficult to see its usefulness for imp1ement ing ;/'
instructional strategies b;sed on discovery learning. iThus it is easy
to understand why few beople would-feei,inclined or encouraged to
choose either a s imygat fon 6r a game when following the model.

. S
Given that group and discovery learning are gaininy increasing

interest among the proponents of C.A.L., the need can be seen for
similir job aids specifically designed having these strategies in mind,
while keeping pedagogical duality and microcomputer capabilities in

mi nd,

t

N
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Table 1
Considerations for Modifications of Model ' )// '
7
y \
INSTRUCTIONAL GOAL: - give more examples -
INSTRUCTIONAL ANALYSIS:  present template of hierarchy
PERFORMANCE OBJECTIVES: emphasize precision of statements .
TESTS: put performance objective at top of step
S .
’; _ "
. FEEDBACK: . o _ relocate to Design Tests section

INSTRUCTIONAL MATERIALS: emphasize branching capabilites of computer

<

TEACHER MANUAL : . emphasize content as containing both
v o~ & ‘
courseware and éomputer-considerations
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Users took between two and twelve hours to complete the model,

- with a mean of 5.25 hours and a S. D. of 3.6 (!murs. Those who spent

more time produced a more complete productg «

The quality of the product does not s;em to be related to the
background of the subject: the two best compl et'ed models came from a . ®
student in the M. A. program in Educational Technology at Concordia
University, with an exgensive backgrdund in 1nstructiona1‘design for
training, and the other from an English teacher with no prior knowledge
in instructional design and who has never taken any educatig% courses.,

The quest fonnaires were'analyzed anf;ghe results follow.

The numbers-found below the answer scale indicate how many subjects
gave a specifié answer to each question. The comment s made b} subjects
to each question have been summarized and included below each oz:. ‘

1. Occupation: Ten of the subjects are teachers at the CEGEP level,

one is a trainer at CN, and the other is a 1ibrarian who teaches at the

CEGEP level.

2. If teacher, specify subject matter(s): Business related subjects
(5 subjects), Spanish (2), English (3), Math/Computer Science (1),
Nuriing (1).

3. Degree of knowledge and familiarity with the content

“ (microbiology):

Very High &5 4 3 2 1 None at all
0 1 0 2 9

® a
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It can readily be seen “from question 3 that most-of the subjects were

not familiar with the content.

-

o

4, Background in Education: Check off pertinent options.
9° Teaching Diploma / Certification

5 Some background in ‘conputing science / programming

3 M. éd. / M.A. in'Education

6 BI\\ (Specify area: General (2), English (1)‘, ;4ath (1),
b Nursing (1), Economic$ (1) )

1' M.A. (Specify area: Spanish (2), Epglish (1), German (1) )

7

Other (Specify: B.Comm (3), MLS (1), MBA (1), Diploma of:

Institutional Administration (1), Diploma in Art -}iistorL

m -

5. Degree of knowledge and familiarity with Instructional Design
Terminology (e.g. pretest , entry behaviours, etc.):
Very High 5 4 3 2 1 None at all
1 2 , 2 1 6

6. ‘u D-egreeA of knowledge an'd familiarity with Instructional Design
Practice (e.g. Have you designed instructional materials before? )
etc.) 1

V”ery‘ High 5§ 4 3 2 1 None at all

1 § 2 0 4
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— 1. Degree of knowledge and familiarity with Educat fonal Computing

,
/ﬁ

'Terminologyl(e.g. Screen design, simlations, software, etc.)
Very High 5 4 3 2 1 Nonme at all
1 2 2 0 7
18, Degree of knowledge and familfarity with Educat fonal Computing
Practice (e.g. Have you groduced or used speadsheets, word processors,
educational software, etvc.'?)
Very Hibh 5 4 3 2 1 .None at all
0 4 0 2 6.

N 9a. How difficult was the model to use?
Neryeasy 5 4 3 2 1 Very difficult
1 2°7 2 o0

b. ‘Which parts did you:find too easy?- Why? No comments were made™in

this section. >

/"‘\ ot .

c. Which parts did you find too difficult? Why? Five subjecté found

the content (mfcfobioIogy) difficg‘l/]t to deal with; two“knes;r‘no;h/(ng’
about computers; one each mentioned difficulty with the degfge of
generality of the Instructional Goal, conposiqg Performance Objectives;
too many options given in the Instructional Strategy, too much paper

“{nvolved, and drawing up the Instructional Analysis hierarchy,
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. ' sl
lOa.gHow useful was the:format presented to guide you?
Very useful 5 4 3 2 1 Not useful at all
4 5 3 0 0

-\ ‘ R
b. How would you modify the format to make it more usefui? One

subject sdggested the presenfation of an algorithm of the model, one

s

that more examples be given,~and another that the worksheets be put

N

behind the corresponding design considerations.

Y

lla. Did you understand all the terminology used?

ALl 5 4 32 1 None -
\ 5 5 1 1 0

I3

b. Which terms did you not understand? One subjectaeach ment ioned the

~

terms "random calculations, algorithm, interactive, crash, summative

evaluation, condense/expand time" and two "formative evaluation.” _

Y

o 1

12a. Were you equipped with enoudh prior knowl edge to be able to work
with this model? *© . “
Enough 5 4 3 2 1 Not enough
3 5 2 1 }
b. What knowledée did you not possess? Five did not feelcompeteat
about the content (microbiqlogy). three.about ihe computer, one about °
’ -

the contept of punitive feedback, and one felt she had a language

problem,
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13a. Did’ you #ind this model madé: it easier for you to design c'onputer
courseware? ‘

yes ' no .

10 : ’ 0 and 2 no ansuer"

b. Why or wh;y not? Six found the model to provide an excellent
.Putline; two stated they would not even have attempted such a project
without it; three found the examples very helpful, and one-suggested

that the instructions for. the Instructional Analysis and Inst ructdonal

o

Goal be expanded.

14a. Did you find th'e model interesting to work with?"
Very 1nteresting 5 4 3 ,2 1 Not interesting

4 2 3 1 1 andl no answer

i

b. Why or why not-? On the negative side ong?Subject each mentioned’
the following: did not know whether to ims_weg worksheets or on model
1'tse1f. does not 1ike to use performance object ives, does not 1ike

C.A.l.. not familiar with microbiology, is ﬁbt .infere_sted in destgn. .,
On the positivé de one felt th;t the model had coached her through ’

the project and another had learned about h'ow to design jlnstructiona'l )

'm_terial s 2§ well_,ﬁa's about microbiology.

4

~ 15a, Did you feel frustrated at any point? v (
yes no -
¢ 11 - 0 and 1 no answer

- - N * ! .
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b. At which point and why? - Three felt frustrated because of the
microbiology, trwo about construcﬁng the_tes%s,’ one had to check back '
to the defjn1t10ns, one found it 1ong and repetitive, one found;it
frust'rattng to fry to make a ‘coherent package, one thought the work
sheets sf'%u'ld be placed behind the design section, and one stated that

until she saw the actual model, she didn't think that. she could do it,

o 16a. Would you use this model again?
yes " no "t
/ y A v
: 6 3, 2 unsure, and 1 no answer

b.. Why or why not? Three found thé model "good, 1ogical, and easy to
follow," and one would 1ike to use it with her own content. of those
who said they would not use the mpde'l again .or were unsure, two said’

_they d'o ‘not plan to design course\'gare. one .said she had an aversion to ‘ .
cor;puters, and one said she does this process ‘.ﬁhtuitively"' and. so does
m;t need a model. . : | . o,

) 4 . . , ’

17. General comments: Two subjects found that it took 1onger than
tt;ey thought andfsuggest-ed that some kind of time frame be g.iven; one
did not know how much materi.a'l to include in é'a,ch lTesson; one feit she
?leeded to know microbiology, com:.)uter. and education terminology to be
able to dq a good job, and two ‘said they were not 1ritere§ted in
microbiology. On the positiv’e side, two felt that the model w;s "well
desigt{ed.“ and an "excellent guide,” one-enjoyed therexﬁerience, one

said it made the computer accessible to the 1ayman, and two would iike

to use 1t with their own content.’

1

¢



5

| N ‘ .
® 54

| &
As a general conclusion to the questionnaire, the model seemed to
be quite useful to the subjects. Although evefyone felt frustrated at -
some point, this seemed to be caused more by the lack of knowl edge and

familfarity with the content and with computers than with the model ,

which was found useful, 1nterest1ng,ﬁind easy to use by most. NMost
subjects k]aimedl11ftfé”lnoQ1edge or familiarity with instructional -
design and educational cnmputiﬁg terminology, and with educational,_
computing practice, but most felt that they had had experience with
instructional design practice (as it should be, as nine of them have a
Teaching Diploma or Certificate and eleven of them are teachers).

The recommendations culled from this questionna{re are: putting
the worksheets immediately after the design questions, giviﬁi’more
examples for the instructional goal, mehtioning some kind o:i%ﬂme

ffamework, and elaborating on the concept’of feedback.
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5. REVISIONS AND CONCLUSIONS '

-~

!Microcomputers can now be found in almost every school, yet
teachers are still heard to compl ain that they cannot seem to find the
piece of software that exactly fits their needs. Many of these
teachers are neither too familiar with comﬁuter'ceﬁeb111t1es nor with

formal instructional design methods. 1 felt that if they had a tool,

‘that was neither too 1ong- nor too cumbersome, then some rgjght be

fémpted to create the(\courseware that would fit their perceived needs.
A great deal of the V'iterature on the evaluation of educational
software states that mueh o} the software available is not
1nstruct1ona’n y sound, as the designers have had. no preparation in the
systems approach to {instructional desfgn
In tht of these consi derations -and the fact that many design’
guides available are very 1ong and detaﬂ ed, I decided to attempt to

create an instructional design guide (using questions to guide and

prompt the designer), accompanuied by corresponding worksheets. It was
. ’ L

 hoped that this step-by-step approach would hel p neophyte courseware

P

designers to produce a coipl ete piece of courseware.
The model I chose to follow in general, is the model of

instructional design proposed by Dick and Carey (1978). 1In order to

- evaluate my design afd, I also followed their model for formative -

evaluation, first carrying out one-to-one eval uations with experts'.’
then with subjects from the target popul ation. and finally with a

£

small -gr'oup.

A

9
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As a result of the small-group evaluatton, a series of

recommendations for revisions were obtained from an analysis “of the
worksheets, of the a;titude questionnaires, and of any comments or
notes made by the subjects or; the design-guide itself. These revisions
are: locating the worksheets immediately after the corresponding
design ‘guide qu‘esﬁt1ons, expanding the definition and presenting more
“e;amples for both the Instructional Goa.l and Performance Objectives
sections, elaborating on the definition of the lns‘;tructiona’l Analysis
and presenting a template of the hierarchy in this section, rglocat1n§

o r
the performance objectﬁ/e at the top of the Design Criterion-Referenced

. Tests workst{eet and guide, relocating the feedback iaformation‘ to the

Design Criterimrenced Tests section from the Develop an

Instructional Strategy section, empha§izing the branching capabilities

of the computer on both the w?rksheet and guide section of the Develop

Instructional Matefials section, and finally emphas1zin9 that the

conteﬁt of the Teacher Manual, in the Develop Instructional Materials
guide section, shouild include considerations_ on both Ehe courseware and
the compu't‘er.‘ c

The target population sampled was very'.heterogeneous. 1qclud1ng

people with many different backgrou;\ds (nursing, business, English,

German, Spanish, math, art history), some with instructional design
studies (3), but the majority without. |
The lack of formal instructional design background did not seem to

affect the product, as the two most complete and creative pieces of

_courseware were designed by one subject with, and one subject without

[3

instructional design stu&ies;} neither had any microbiology background.‘

N
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A‘I though some subjects took up to twelve hours, whﬂé others took
-only two hours to go through the model, all subjects showed
comprehension of the different steps, by creating a piece of courseware
for the tcomputerj. Those who took more time, pnt;duced a more compl ete
product with a greater number of tests and instructional material S,
than did those who took 1ess time, ;;ld who only gave examples of the‘ (9
material. ' Al though some subjects constructed their hierarchies in an
upside ﬁwn %ashion, this had nc; effect on their products.

‘ In general the 1n§tructiona‘l design model seemed to ivprk as a job
aid for. the target popul ation. Com_nents made by the swje"cts were .
f;vourab1e on t;e whole, and a few expressed interest in using the .
mode1. with their own content.' It is felt then, that the revised
version of the model s now ready for use as an instructional job aid.

The result of the present study 1eads us the think that it can be used

with most probable success.

&
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: APPENDIX A .
- * THE MODEL OR INSTRUCTIONAL DESIGN AID BEFORE ONE-TO-ONE EVALUATION
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. Introductfon . -
g - f
This model has been designed as a brief, useful tool with which to
create instructionally sound courseware and which eff iciently and /
effectively uses the capabilities of ,the microcomputer. To this end ar
br'lefbdescr'lption is given of recent trends in computer courseuahre
design and. instructiond design highlighting features which you may -
want to take into consideration in your courseware design. This
section 1s followed by the 1nstruct‘iona1 design mdde'l ftself. In the
design section you may find that not_all the questions apply to what
you want to do. These questions are there to guide you in your )
courseware design task. At the end of each design step space has been

provided for you to put into writing your design step content.

ersd\'re Design |
. .

~ Seif -conta inment

Good courseware s self -contained and self -explanatory; it teaches
you to use it as well as teaching you. , ! '

Jt documents itself. Instructions on how to use the courseware
are easily accessed on the computer. Students can't always find the

manual and prefer not to use it.

i



Entertainment valug

People associate entertainmeﬁi.with television. gnjoymeniﬁ;s 3
powerful motivator.. The c?mputer can make learning fdn. Hepéan take a
few lessons from computer video games. The goals in ihese games are
personailx\meaningfu1 and have variable difficulty levels (goals that,
are certain to be reacheq provide no challenge). Video games provide
immediate and constant feedback.

Games and simulations have great potential as learning tools.
Games are motivational; they‘offer a challenge and allow for fantasy.
Drills can be presented 1n'th1§'guise with automatic difficulty
adjustment, Simulations are‘éﬁpeéial}y ind{cated to stimulate problem

solving and risk taking. . -

Yisual medium

The computer is a visual medium. . Text should - be kept to a

minimum.~ Learners should pe shown rather than told. Words should be

Iused only as a last resort. Every screen‘sgbuld be fnteresting and
every screen should advance the 'story.% Even instructions and
directions can be provided using the computer's capabilities to flash,
erase, underscore, and animate.

If text is used, here are som; useful guidelines:
"Use larger character; for younger children;
: ﬁreak up the different frames by interspersing guestions;
Do not allow the screen to sccoll{

Allow the'student to control the rate of display;
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Do not overload the screen;
Do not hyphenaté words; . . ¢
Double space the text;

. Allow or incorporate frequedt rest breaks 1f the text is very P
N

=

long;
Use upper and lower case letters;
Use a letter size that is sharp and defined and clear, and
break up text and draw attention with non-texthal elements,
such as color, underlining, reverse h;ghlighting.,spaciﬁg, |
flashing, diagrams, visual imagery, animation, cartoon
chargcters; graphs and g}aphics.
Graphics should be embedded in the content’tg accentuate and
support the cont§nt; they should not detract f;oﬁ the content
_The most important thing to remember is:
| * DON'T CROMD THE SCREEN

Interactivity

TIPS T
- I - -
3 .
. —
v

The computer can create a complete learning experience. Its
multisensory possibilities (visual, tactile, and auditory) can create
an 1ntera;t1ve experience. The possibility of-eliciting variety in the
type of resp;i;es allows the lYearner to manipylate the material in ways
not directly taught. This active process helps to maintain thé

A}

learner's attention.
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‘ Individualization ~

By off?ring parallel and alternate learning}activities.for the
same goal, the learner can choose the most appealing way to léarn. .
Different 1eve1§ of detail can accommodate the learner's fevel of
knowledge for the same goal. The learner can choose a different level

when s/he has mastered a lower level.

Modular{fzation and branching

Individualizat19n can take place by designing the courseware in *
'smalT stand-alone modules. Modules extend the 1ife of the courseware

as-seghents can bé added or deleted for future use. Modules can be

created in hieraréhicgl patterns so that learners can enter, branch to . \\\
N A :"v".” ” ¢

other levels, or exit with greater filexibility, S

Feedback -

/ LN
Learners should be able to monitor their progress and receive a

status report at the end. £
Errors should be loca;eﬂ and analyzed by the‘coutseware‘program.
and feedback should be remedial by successively revealing mdfe
information or prompts.as needed.‘ Different formati’for the feedback
may be used. Feedback can be surprising as well as constructive in

order'to engage the learner's curiosity. ‘ -
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Random generation '

i
4

To generate different exercises and tests, three times the number

of {tems needed should be created in the pbol.

CO@pute}-Hangged Instruction (C.M.1.)

Complete and detailed records of every stqdenp‘s'perfonnasce can

be kept by the computer courseware program. Three things are achieved

by keeping these records:

1.

2.

The teacher can monitor the student's progréss and see exactly
where the student is making errors so that remedial steps can
be taken: — _

the computer can monitor the student's error patterns and send
the student to appropriate remedial material; and .

if the student knows his/her work is being monitored, it will

discourage him/her from putting in unacceptable names or

answers. (The program will only ruﬁ if a name that matches‘
the teacher's list is inputted. A student number may also be
required to keep students- from practicing under someoné else's

name. )



B

Instructional Design Model
Design Section ' ~

» )

N.B. In the final version of this model, enough blank sphce

(worksheets) will be provided for the users to do their work on.

’
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The Instructional Design Model includes the following steps:

IDENTIFY INSTRUCTIONAL GOAL
CONDUCT INSTRUCTIONAL ANALYSIS .
_IDENTIFY ENTRY BEHAVIOURS AND CHARACTERISTICS
~ WRITE PERFORMANCE OBJECTIVES
DESIGN CRITERION-REFERENCED TESTS
DEVELOP AN INSTRUCTIONAL STRATEGY
DEVELOP INSTRUCTION
T | " DESIGN AND CONDUCT THE FORMATIVE EVALUATION
REVISE INSTRUCTION

TR P
.t
. T

s

2
4
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 IDENTIFY INSTRUCTIONAL GOAL | |
o ’ N\ P

Definition: An instructional 'goal what you want learners to do when

they have completed your instruction.

[’ The purpose of this step is to 1dent1f¥ your instructional goal for the

design of your computer courseware..
*Have yéu identified your instructional goal?

“*What do you want to do? Drill and practice?
" Tutorial method?
Problem solving?
. e Model building?
Simulation?
Games ?
Other?
Combination of some/all ;f the above?

% A

Your instructional goal is:

Possible way of achieving this is:
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CONDUCT INSTRUCTIONAL AMALYSIS ‘

Definition: This is an analysis of your instructional goal in order to
fdentify the subordinate skills or knowledge that a

- learner must have in order to achieve that éoal.

The purpose of this step is to identify the learner's needs in order to.
achieve the instructional goal.

a

*Have you identified the learner neeqe?

What previous skills or knowledge (withOut which it would be
impossible to achieve the instructional goal) musg the
learner pdssess to more effectively and efficiently achieve
the ins?ﬁuctiona! goal? .

-

*Do the learners already‘possess these skills or knowledge, or must

they be included in your courseware? .

DR B B
: T 4
List in hierarchical fashion the subordinate concepts, skills, tasks,
etc. needed by the learner to achieve the instructional goal:

- 1n the above hierarchy, identify the entry points for learners with
different skills.

Ee W11 you include these subdrdinate skills or knowledge in the .
Courseware: yes-no

If ®yes® then at which point ‘will you begin your courseware?

-
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IDENTIFY ENTRY-BEHAVIOURS AND CHARACTERISTICS

»

-

Definition{ This step identifies the géﬁenal'characteristics of the
LY

° learners which may be important to the dgsign of your

courseuaré. a

" The purpoﬁe of this step is to specifica}\y tdentify and describe the

target popylation\for whom the courseware is intended.

-

——
L]

*Have you identified“the‘;haracteristics of thé target populdtion?
what is their age? - '
\ , probable attengion span?
educational leyel? .
cultural bagkgrounq? - . . .
physical abilities?
special interests?

keyboarding skills?

N other?

’ -



*Are the Gbjectives achievible?

WRITE PERFORMANCE OBJECTIVES |
e | o o
15. . -

Definition: These are specific statements of what it is the students

mggy Will be able to do.when'they complete your courseware.
/ g .

L
4

The purpose of these statements wr,ich are derived from the skins

identﬂied in the 1nstructional analysis is to identify the skills the

target population will learn, thé‘onditions under which they must

perform these skillé. :nnd the criteria for successful performance.
. O

Q). e \ ' .
< ‘ . K ' ) - ¢ 3: o
".'*Are the objectives _necessary, .. . S
, ‘nice, or E " s
(A T . ’ .
“ nuts to know? ‘ '
a ', ! N * { ‘&'
. o . ) ‘f‘ . N ! 4
*Do you want to keep ahl the objectives? o 4

4
“u 3 .

*Have you prov‘lded spetific perfoﬁunce objectives of what the learner

P will Be & )e to do upon cowpetion of the courseware?

\
/

-

l

*Are the criteria’ and conditions (e,g. How many successfully completed

in a specific tiu?)'of testing for these objecti'ves presented?

o

TR S
* - '*ls mastery required? .. . , ‘
» . . . -
. m"o " '
*Are the objectives leveled? A .

~ “

-~ .
. . . . . 14

t = B . ¢
\ . ° ™~ :
v : . i 1 ‘

[N ' .. L



*Do the objecti\ges match the curriculum obj\ectivéé? ,

. WRITE PERFORMANCE OBJECTIVES(2)

A
. * & %
The performance objectives are:
?‘ '. i)
!
' ¢
_ _ ¢
The criteria for successful completion are: :
. U
N
: L * e ) ) ’ . '. : t a‘
The conditions for successful completion are: .
; » . ' .
i = : . ,. \ ' v
\"e ) “.' ‘ Lo a i
1 } e ':‘— ’ a, -
\ _i\‘ , e li , .
K 4\‘ l ' .' ' .. ,*'.‘
; . ’ | - .

-

a
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DESIGN CRITERION-REFERENCED TESTS

Definition: These are assessment instruments which are parallel to and
measure the learner's ability to achieve what you
described in the objectives. These Sre cal\ed criterion-

referenced tests.

The purpose of tﬂis‘step is to create instruments that are directly

s

related to- the performance objectives.

*Do you want to create - af entry-behaviour test? (This measures
skills which you have identified as being critical to beginning
the ‘courseware, These are the skills which appeﬁr below the entry

point in the hierarchy of your instructional analysis.)

L4

T

*’; . -a pretést? (Ihisltest is criterioﬁ
referenced to objectives which you' intend to téach in the
- courseware. These are the'skills,ﬁhigh appear above the entry
point 16 the hiérarchy of your instructional analysis.)
’ A .
- embedded tests? (These are clusters of -
criterion-referenced test items which are ‘interspersed throughout

the module.)

- posttest? (This test is parallel and

often ¥entical to the pretest. It measures the objectves.)



©«
' ) /
DESIGN CRITERION-REFERENCED TESTS(2) - -
*Are the assessment instruments congruent with the performance
objectives?
*Do these tests measure the learner's ability to achieve these
objectives?
*1f a questioning strategy is used, is it purpoééful?
- systematic?
Y
and does it develop divergent thiking?
, - problem-solving abilities?
4
risk taking? .
*Are test instructions clear?
*Are examples and practice examples provided?
*Are logical formats‘used? (e.g. y for yes and n for no)
*Are tests speeded? * .
*Do the test items and tests provide feedback?- - ‘

[

*Do the tests have an adequate number and variety of 1temsﬂ{or clear
diagnosis and appropriate indicators for the placement of learners

at specific levels or entry points? . '

.ot



Perforaance Objectives

DESIEN caimjm-nmmcm TESTS(3).

i

ENTRY-BEHAVIOUR TEST _

Test Instructions:

Examples:

Practice Examples:

Skills ' Test Items

PRETEST
Test Instructions:
Examples: '

Practice Examples:

Performance Objectives . B Test Items
Test lnstfuctions; | : -
Examp) S *

© Practice Examples:

| Performance ngécti;es - Test Items

*

"Test lastructions:

ﬁxample:?.

- Practice Examples:

Test Items

~ . A ‘ ¢

\/’

I

13



DEVELOP AN INSTRUCTIONAL STRATEGY

- Definition: The instructional strategy is the means used to achieve

the terminai objective, The strategy will be based on

current knowledge of the learning process, contént_to be.

taught, the characteristics of the students and the

capabilities of the microcomputer.

The purpose of this step is to identify pre-instructional activities,
choose the mode of presentation’ of informatiop. the type of practice

and feedback, testing and foliow-through activities. -

*Have you chosen your 1nstruétiona\ strategy (Drfll & Practice, Game,

NG

'l;ﬂ}i! 1ﬁstrucgiona1 strategy appropriate to the task?

etc.)?

. -

*1s the instructional strategy appropriate to the characteristics of
“the learners? ‘ b

o

*Will the instructional strategy_gain and hold the attention of the

user? : o | \?}
B @ * > . l ' )
*Does the instructional strategy include
S ‘ / . , v
clear instructions for exercises and tests?
» .- appropriate number of examples and practice {tems

with feedback for guidance?

. L] LN

i -\~!‘

o e
oy
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DEVELOP AM INSTRUCTIONAL STRATEGY(2)

*Are test scores provided?
frequently?
..at the end? .

3

'Are the'vocabhlary and vocabulary level appropriate?
*Are new words defined? . i <:---

*Are delays explained?

!Is’feedback - {mmediate?

7, ' varfed?

' AN ‘remedial (provide clues, hints)?
‘ positive (not punitive)?

enriching (provide additional information)?
“ -

*Does feedback hold greater attention than the copten{?
*1f negative feedback is used, is it more rewgrding than positive ‘.{H‘

feedback? L . B



~ £

g til
DEVELOP AN INSTRUCTIONAL STRATEGY(3) | -

*Does the courseware use the specific capabilities of the microcomquter

3s an educational tool?

& ~

Does it condense or expand time? ‘\7
Doés it condense or magnify imageiﬁl
Does it control for real time responses (as in simulations)?
Does the learner control the sequence? !
Does the learner control the pace?
Does it use a database for 1nforma£10n retrieval?
Does it stream to the appropriate level through branching?r
Does it gener;te random calculations? |
" Does it generate algorithmic data problems? |
Does it use audiﬁory. vigua] and tactile capabilities in an interactive
manner? .
Does it hook up with other audio-visual aids? .,
Does 1t‘use quick, efficient editing capabilities?
Does it allow backspacing to correct re;pon;es? . N

Is a runniﬁg score continuously displayed on part of the screen?



DEVELOP AN INSTRUCTIONAL STRATEGY(4)

*Does the courseware maximize the capability of the microcomputer when

creating the screen design?

Dées it use different types of formats?
Does it integrate non-textual elements?
graphics?
graphs? |
colour?
mapsgih
sound? SR
touch?

4

highlight?

réZ?f} etc ?

Does the courSeware 1imit the information per screen? = . g
Does 1t use a constant <format for titles, quest{bns. etc.? |
Does it present one idea at.a time (per page)?

Is each idea no longer than two sentences?

Does it use appropriate spac1ng?‘ -

Does it use appropriate letter size foé population?

Are graphics used as mnemonic cues?
descriptions? ‘
¢ + M \
. . analogies for abstract ideas? .



&3
DEVELOP AN INSTRUCTIONAL STRATEGY(S5) |

‘Is colour used to ] ’highlight?

qode?

differentiate?

direct attention?

provide prompts?

Is the courseware "friendly”?
Is it self-explanatory? )
Is there eas}mipd ready access to a HELP. or INFORMATION
option? ' |
1s the HELP option really helpful or reQealing new
information each time or does it always repeat the same
gefinition?
Is there a permanent cod;d 1ine on the screen which shows
which options are available?
Does it inform the learner when it.is going to be busy?
Can the learner exit and enter at different piaces?

. Can the learners get their score?

*1s there a pretest to establish the entry point?

! .

/

. S R

[
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DEVELOP AN INSTRUCTIONAL STRATEGY(6)

J o 4
4/

-+ STRATEEY - DESCRIPTION P MICRO CAPABILITIES
| TO BE USED

N

=,

L
N




R
i
A -
Y .
3 -

-

) ;__,: $re
DEVELOP mgmucnou ’

!

Definition: The courseware package includes the 1n§tr0ctiona1

materials, tests, and a teacher's guide or manual.

b

The purpos this step is to produce the courseware package or

based on/the instructional strateby. ] ‘

~

*Are the Wostructional materials appropriate to the objectives?

*Are the instructiona) materia\s,appropriate to the target population?

*1s there a pretest and a posttest?

p o

*Does the pretest effectively diagnose the learner's entry level? =

-
v

*Does the posttest effectively verify the process? . N
) P ‘
*Does the courseware’ improve learning?
- R 1mprove instruction? | - . '
~ 1mprove the evaluation of 1nstruction? )

build onqlearninglinstructiona\ theory?



AR

DEVELOP INSTRUCTION(2) R
o , /./_» |
.sﬁouidﬂyou include 2 teacher's guide or mﬂhual? | |
Does the manual provide an overview of the courseware?
. . describe the iarget population?
spectfy inputs, throughp_u.t‘s. and outputs?
explain how to keep '?;;ords? .
provide 4signple trouble-shooting pqoceddres?
provide technical information about running

Y the materials?

. Lesson Sequence and Content: (including tests)

AN

‘r

. Teacher Manual Content:




~2

Definition: - Formative evaluations are conducted to determine how

aQ Q"
. ' P p
. ‘ . :’&‘ﬁ: i
DESIGN AND CONDUCT THE FORMATIVE EVALUATION - .
¢ - -

P

effectively the courseware.works and may be done on a

' one-to-one basis, with a small group, or as a field

" evaluation,

-

0
é
. - " ‘
The purpose of this step is to collect data which may be used to 'J§
identify how to improve the'coumsguare{ . ) " \emr§§\
’ o ) ’ " ' ' {
*Does the cogiij:;::\mee{ the stated instructional goal? x
’ i % .
. i -
*Are revisions in the documentation congruent with revisions in the
courseware? — . , S :
. /—N p .
. l . /(r '
*Can all segments be worked through without branching in order to
verify all the materials? I .
- @ “ Co oo
*Haye all technitil bugs been worked out? A A ¢
k v, t @ . '1'1‘14'-‘ ‘ 3
SR . .
R . e b . \ ; B 3 - 4
*Has the courseware been tésted with individuals from vlrjous.!!vels?
\,."' ) i x - } ‘ M
g | N ‘ ., A ’
’ > o N ' K . S
W ' a ' ‘.' .
\ )
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*Has the courseware been verified for

*values?

4 unintended learning?

b cultural bias? .
,Q . : '
. ' Aanguage leyel?

~ grammar? ’

spelling?

J
- <
.
L .
{ \
-
.

/ L.
L

DESIGN AND CONDUCT THE FORMATIVE .EVALUATION(2).
S \ “
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Definition: Data from™the formative evaluation is used to re-examine

»

REVISE  INSTRUCTION coN

-

the validity of thesinstructionZI analysis and the

. assumptions about the entry behaviour of the learners. It

¢

is necessary to re-examine the performance objectives, -

test items, and instructional strategy in light of the

" collected data.

The purpose of this step is to incorporate the above information into
revisions of the courseware to make it a more effective inétructional

"

tool. .

*Is tﬁeFE’pr093310n fn the desiyn of the—courseware for revision?

- ‘ J\w -VV“.:'_ _ .
5 " -,
*Does this provision exist for individual segments of the courseware?
* . AN

- i . N q
" *Are these provisions explained in the teacher's manual?

*Does the courseware allow for future instructional needs? glife'span

~

of the material). -

! '

-
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APPENDIX 8
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THE MODEL OR INSTRUCTIONAL DESIGN AID AFTER ONE-TO-ONE EVALUATION
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INSTRUCTIONAL DESIGN MODEL
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Section, to record”the specificattons for developing the actual

' 93
" GENERAL INSTRUCTIONS '

for the use of the ‘
INSTRUCTIONAL DESIGN MODEL ' %

The object of this study is to conduct a formative evaluation of a

mode] to produce spgcificatiogs for computer courseware.

The speciffc form of this courseware is aqframe-based lesson to be
1mp1emenced on a computer. You are gglx,a;ked to produce the
specifications for this lezﬁon using the model provided; the actual
implementation of this lesson on the computer is not_part of this

study. The specific content you will work with is given on pages 5 to

-~

10 which follow.

The target population is described on page 11 which follows.
Read the General Instructions for the Model which begin on page 3 and
)

‘thenathe introduction on page 13 which precedes the Design Section.

Go through the Desid% Section (pages 19 to 44) which is there to
guide you. Answer eny questions which you fiod are relévant and make
any comments that you wish on these sheets.

Use the Work Sheets (pages 45 to 53), which follow the Design

lesson. L

Work on this project in as many periods as you want. The duration
of each period is left up to you but please Ery not to work for less
than half an hour at a time and please stop when you feel tired, . -

Plee;e record on the Time Log (page 12) the ;tartihg and finishing time

of every worging sessfon. . It is very important to know how and for how '

Yong you worked on this model.

1

Model .3

e
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If at aﬁx moment there is somefhing }ou do nof understand or 1f ’

~ you have any questions please stop and consult me.

Mj home phone number is: 692-4240
My office humber is : 9358401 '

when you have finished with them,

.~ Thank you very much for your
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13 (",‘

" Introduction

Thig model has been designed as a brief, useful tool with which to
create 1nsirucf10na]1y sound éaurseware and using ;he unique 5&
capabilities of the microcoﬁputer. To this eﬁd,\a brief descriptjpn is
givén'of recent treﬁds in computer courseware design and instructional
design, highlighting features‘which you may want to take into
&onsiderqtion your courseware design. This section is followed By
the instructional design modelritself which is accompanied by

corresponding Work Sheets., |

- L o

Courseware Design

- L
! ,
! s

Sel f-explanatory

Good courseware {s self-e§plqnatory; it teaches ydﬂ to dse it as

well as teaching you. . . s .

9

v

1t documents itself, instructigns on how to use the coursgﬁire
are easily accessed on the computer. Students can't always find the .

manual and prefer not to use it.

i . -

Mode1l L4



Entertainment value AR <o . \

immediate and constant feedback. - ' . \

‘People associate ententainment with,television.‘ Enjoyment is a

powerful motiJZEor, The computer can make learning fun. Le can take 2

\

few lessons from computer video games. The goals in these games are

|
personally meaningful and have variable difficulty levels (goals that

-

\
are certain to be reached provide no challenge). Video games provide
\
d - ‘\ :

{
'

Games and simulatibnsAhav great poteﬁtial as learning tools.
Games are motivational; they offer a challenge and allow for fantasy

. |
Drills can be presented in thisiguise with automatic difficulty’

‘adJustment. Simuletions are' especially indicated to stimulate Sroblem

solving and risk taking.,

Visual medium
¢ ) )

3\ minimum. Learners should be shown Aather than told. Words shou]dlbe

The‘coﬁpute%i&s a visual medium. Text should be kept to a-

S

-used only as a last'resort. Every: s reen should be 1nterest1ng and

)
every screen should advance the story. Even 1nstruct10ns and

directions can be provided using the Eomputer 3 ;apabilities to f]gsh

)
d t

erase. underscore, and animate. a0 |
If text is used, here are some usefu) guidelines: ?
Use larger characters for younger children;

. N
) Break up the different frames by interspersing questions;

DS not allow the screen to scroll; Skl

' , " Allow the student to control the rate of display;

15 > A

LS
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Do not overload the screen; /'
) Dolnot hyphenate words;

Double space the text; i ’

Allow or incorporate frequent urest breaks {f theltext is very

Tong; h | | 'S

Use upper and lower case letters; )
Use a letter size that is sharp and defined and clear, and
break up text and draw attention with non-textual elements,
such a.s color, underlining, reverse highlighting, spacing,
flashing, diagrams, visual&imagery, animation, cartoon

characters, graphs and graphics.

Graphics should be embedded in the content to accentuate and

support the convent; thi\should not detract from the content, ’
h

The most important jvng to remember is:

DON'T CROWD THE §CREEN

Interactivity K

multi

an interactive experience. The possibility of elic'iting variety in the

" type

learner's attention.

" Mode]

The computer can create a com;;lete learning experience, Its

sensory possibilities (visual, tactile, aqd auditory) can create

of responses allows the learner to manipulate the materia.l in ways

" not directly taught. This active process helps to maintain the

*
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lnd1v1dudliz‘at1on

‘B_y offering parallel and alternate learning activities for the
same goal, the learner can choose the most appealing way to learn.
Different levels.of detail can accommodate the learner's level of .

' . ~®
knowledge for the same goal. The learner can choose adifferent level

- when s/he has mastered a lower level,

4

Modulariz;ation and branchfng

Individualization can take place by designing the courseware’ in
small stand-alone modul es. Modules extend the life of the ‘courseware
as segments can be added or deleted for future use. Modules can be
created in hierarchical patterns so that l:ea'rners_ can enter, branch to

J .
other levels, or exi@ with greater flexibility.

Feedback

Learners should be able to.monitor their progress and receive a

status report at the end.

A
Errors should be located and analyzed by the courseware program,

and feedback should be remedial by successively revealing mere

"informatich or prompts as needed. Different formats for the feedback
,, may be used. Feedback can be surprising as well as constructive in

" order to engage the learner's curiosity.



Réndom generation ‘ .
s
iy B

To‘generate different exercises and tests, three times the number

“of 1tems needed should be created in the pool,’

e

Computer-Mafaged Instruction (C.M.1.) . -

- “ " ¢
.
]

Complete and degailed records of>every student ‘s ggrfsfm;ncé can
be kept by the computer courseware program.. Three thipés are achieved
by keeping these records; . ~

— 1. The teacher can monitor the student's progress and see exactly
Qhere the student is making errors so that femediel steps cap”
Be taken; ‘

3 . * wr————

3 - .
2. the computer can monitor the‘student's error pitterns .énd send

9

— . the student to appropriate remedial material; and

" 3. (1f the student knows his/her work'{s being monitored, it will
discourage‘him/her from puiting in'uqStéeptable names or :
answer;. (The program will only run if a name that mat;hes
the teache;'s list is inputted. cA{;tudént num@er may also be: 'ba
requireJ to keep students from practicfﬁg"under someone else'g

name, ) : o c

A

. R .
L - . : °
)

Model | e LN L,
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fnis Instructional Desig/l; #Model includes the following stepszﬁ
// - ..
IDENT4FY INSTRUCTIONAL GOAL ‘
conoucr INSTRUCTIONAL ANALYSIS_AND IDENTIFY ENTRY BEHAVIOURS
. IOENTIFY GENERAL CHARACTERISTICS OF THE TARGET POPULATION
T - HRLTE PERFORMANCE OBJECTIVES
"o DESIGN CRITERION-REFERENCED TESTS
DEVELOP AN JNSTRUCTIONAL STRATEGY
| \i o DsykLOP INSTRUCTIONAL MATERIALS N .
DESIGN AND CONDUCT THE FORMATIVE EVALUATION
REVISE INSTRUCTION
conpuct SUMMATIVE EVALUATION
s

. This is a tool intended to help you design computer courseware

following instructional design principles. S

PUEESEY

—1It is divided into two sections: |
The first section is the Instructional Design Modg\;l which

‘ i
will aski‘you questions to guide you through the design of the,

courseware. You may find that not all questions apply to what you are

19_1_29; Refer to your answgrs to these questions when you use the
second section. ) '.

The second secti.on is & series of Work Sheets. Not each
of the above steps of the Instrucffc;nal Design Model has a (
torresponding Work Sheet. When you have fﬂ'led in the Hork Sheets you
will have your completed courseware design.

Please use additional sheets of paper when the provided Work.

" Sheets for a particular step have been used up.

¢

Model , : 20 | - '



"Definition:

* ’ ,
The target population will learn about Roman numerals.
Lo g
»
te
[ o ® ‘
\‘
‘{\
: - ~
U ‘
?
L2 ' N ’ )
) ' o2 ! : ST Y

. i /’
] .
IDENTIFY, msmui:nom GOAL

-

£ 3

Q

An instructional goal is a genera1~statement of what,you
want learners té_do when they have c§hp1eted your

instruction on the computer.

o



»

BYEN
CONDUCT INSTRUCTIONAL ANALYSIS AND IDENTIFY ENTRY BEHAVIOURS

‘g

Definition: This is an énalysis of your instructional goal in order to

identify the ;ﬁbordinate skills or knowledge that must be
possessed to more effectively and,efficiéntly achieve the

instructional goal., The ehtry point for each learner is

' the entry behaviour.

‘ 5 ,
Example: On the next page is a hierdrchical anal}sis of Roman numeral

objectives (Dick and Carey, 1978).
“\. The subordinate skills for learning Roman numerals are

numbers 1 to 9 in the f611owjng hierarchy.

p The entr} behaviour for learning Roman numerals is before 10,

o

Model . 22
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CONDUCT lﬁSTRUCTIOIAL»AHALYSIS AND beNTIFY ENTRY BEHAVIOURS(3)

-
)

“

Have you identified the subordinate skills needed to achieve your

instructional goal?

Do-all the learners already possess these“ski11s or knowledge, or must

o

they be included in your courseware?

Model ' 28
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IDENTIFY GENERAL CHARACTERISTICS OF THE,TARGET POPULATIO“(' "107
} ' :

[1

Definftion: This step identifies and des/crit.;,es the general
characteristics of the target population. These
chraracteristics myy be important to the design of the

courseware.

nf -
, Have you identified thq characteristics of the target population?
Have you considered their age?

~ probable attention span?

‘educational level?
_cultural background? - ‘ o ¢ ‘ /
“physical abilities? N B

spec{al_ nterests? N~ /

.keyboarding skills?
other? * : o/

Example: T :

Characteristics of your Corresponding courseﬁ re design -
target population are: - consideration a:re: :
Grade one students.....veeececeessas lUse large letters,

Model - 25
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WRITE PERFORMANCE OBJECTIVES

9

L3

Definition: These are specific statements of what it is the target
> population will be able to do when they complete your

courseware. These statements identify the skills the

a———

target population ﬁill_lgarn, the conditions under which

e

tﬁey must perform these skills, and the criteria for

successful performance.

Example: Performance objective: The 1?§?ner will be able to

« identify Roman numerals.

/ Conditions for successfuyl completion: Given a number, the

learner will be able to say* the name of the matching

v

Roman numeral and, given a Roman numeral, the !earner will-
[45]

. be able to say* the matching number. S,

Criteria for successful completion: Until no mistakes.are

made, -

'60 your objectives match the curriculum objectives?
‘kre your objectives realistic?
.b

*The objectiyes should.be efther measurable -or observable. ’

=

Model” - 26 #
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- 109
. WRITE PERFORMANCE OBJECTIVES(2)
] oy . .
© Do you want to keep 411 the objectives? (Are there too many for one
unit?) .
Are your chjectives clearly related?
Have you provided specific performance objectives of what'the‘1earner
will be able to do upon completion of the courseware? - a
Are the criteria and conditions (e.g. How many successfully completed v
in a specific time?) of testing for these objectives presedted?
SN
- * ‘o
L : \¢/’\\~ﬁ;/,—
R -
e . .
( 1 AN -
N R
‘ ——
3
- . ’\k&

27
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DESIGN CRITERION-REFERENCED TES[§
&- .
Definition: These are assessment instruments which measure‘the
learner's‘ab111ty %o achieve what you described in the
objectives. They must be directly related to the

«, performance objectives.

There are four types of criterioq-referenced tests:

v

Entry-behéviour test: This measures the skills which the learners

bring with them and which you have identified as being critical for the
learners to begin the courseware.‘ These skills appear below the entry

point fn the hierarchy of your instructional analysis.

. Pretest: Each item in this tegt is match?d (criterion reférenced)
to objectives which you intend to teach in the courseware. The purpose
of this'test’is fq find out how much the student knows and also to send
the student to tﬁe appropriate ehtry point; in th;s way the lea%ner
does not get frustrated repeiying what is already known. 'These are the
skills which appear above the e;%ry point in the hierarchy of your
instructional ana1y§)s. This test may establis? different entry points:

for different learners, ¢

Embedded tests: These are clusters of criterion-referenced test

items which are interspersed throughout the module. When completed,

;heﬁe will guide the leafger~to an appropriate section of the material,

" Model ) . 28
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! DESIGN CRITERION~REFERENCED TESTS(2) ’

s
L4

Posttest: This test 1s para'llefl and often 'ldenticﬂ to the

pretest. It measures the attainment “of the objectives. This &an be a

= formal test at the end of the un1t or the embedded tests, can serve this
- § function throughout the unit.
3 f e ’ “ ‘
’ * >
/" ' , : o :
i Do you need or want to use all these tests? (
(, ~\.

'which ones will you use? ‘ ST | S -
Are your test instructions clear?

Are examples and prectice opportunities provided? ° ' \

‘Are 10%“1 formats used? (e.g. y for yes and n fo yno) \

S * Are test time }imi ;s' imposed?

» Can learners choose their own pace for the tests?

L] § -
o Do the tests have an adequate{ number and variety of {tems for clear \

.diagnosis and appropriate tndicators for the placement of learners at

. R ,
specific levels or entry points?

Rt ) ~ -

" Model I
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DESIGN CRITERION-REFERENCED TESTS(3) g
[ ;’ﬁ.

Do you provide feéégggi for each test item?

. ' N
Do you providé feedback analysis of the learner's results for each test

as a whole? . -

Do you provide an overa11’summ§ny of the test results?
: , :
Are the tests part of the computer courseware or wij1 they be given .

i °
using a paper and pencil, orally, or by somé other hethod? ,

)

-
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DESIGN CRITERIN‘REFERE!(CED TESTS(4)
Sample test format
Test instructions : o,

Examples with answers

f

Practice opportunities with' feedback

¢

Test items which correspond tg performance ohject fves

For each test type that you have decided to use, fill 1n a form like

the Hork;heemis will give you y /our comp]eted test.

| /
. AN
Examgl e: e

NUMBER. ANSWER WHEN THE GURSOR (-7-) APPEARS.

j 2™ y
.Exaples with answefs: j . “ . '
. (c) -1- 51 a XV €3
(a) ---15° b \m[ . |
(b) --- 8" . ¢ u;j h ° ’
e
» "T

: .z:‘ .. Dl

Mode) ' P \ \
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DESIGN CRITERION REFERENCEP TESTS(5)

Practice examples: -

(b) --- XXX a 30
() =-- Iv - b 150 .
) ---.CL ¢ 4

Q

PERFORMACE QBJECTIVES

~

(The;e are found in your hierarchy
of objectives of your CONDUCT
INSTRUCT SUAL ANALY\.HS AND IDENTIFY
ENTRY BERAVIOURS' Worksheet. )

]
-
- 4
¢ kS
\

w,

Given both Roman numerals and Arabic™

numbers, the learner will equate one
with the other by matching the
numerals with the’ numbers until all

are matched correctly.

/

Model : "3

Feedback comments for
correct or incorrect

. responses:

R: THAT'S RIGHT..
EQUAL TO TEN AND
THREE TENS HERE.

AGAIN.

TEST I;IENS o

T e i

--= (DL
-ee b XLIV
e== CXXXVI

== CMXIX .

A,

AT I

t

o W: REMEMBER THAT X IS
THERE ARE |

TRY

a 919
b 450
¢ 136

. d 44

e 218

F/EDBACK for each oi—the‘above test items may be 1ncluded as in the

. practice examples if the tests are to be given on the computer.

v
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DEVELOP AN INSTRUCTIONAL STRATEGY

Definition: The instructional strategy is the means used to achieve
? the terminal objective. The strategy will be based on
current knowledge of the learning process, content to be
taught, the characferistigf qf,tng target popu)ation and -
the capabilities of the microcomputer;
; The puépose of this step is to identify pre1n§truct10na1 ac}iv1ties,
ch&ose tire modé of presentation of information, the type of‘practiée

[}

and feedﬂaék, testing and follow-through activities. =~ /,

=

The most common Computgr-Assisted Learning modes are:

- . : - .
Drill and Practice: Intensive, repetitive drill to reinforce learning.
Exercises and problems are presented on the computer for solution.
~ \ ®
e.g. Rote drill on chemical nomenclature.

» ‘ ‘

Tutorial Mgfhod: Presents ;aterial in statements and questions.:
Comprehensioh is measured and monitored; progress through a program
cannot be made without questions being correctly answered. S
e.g. “Tutoria1 on taxonomic terms in Biology.

¢

<

Mode) (- 3



DEVELOP AN INSTRUCTIONAL STRATEGY(2)

s Simulation: The-;ﬁnctioning of a physical or‘sqcial system is
imitated. Probab{lities or varfables within thé real-world systems can
be changed, al]ow{ng learners to observe how théﬁe changes affect the
sy;tem.

e.g. Flight simulation or physics lab experiments.

Educational Games: Instrucfional material presented in a competitive
fram;work; The computer can act as the competition or can faéiidtate
the game for competing players.

é.g. Hangman for spé11}ng tasks.

-
§

'* You may want to answer these questions on these sheets as you may
find it helpful when you develop your instructional materials on the

Work Sheets in the following section.

Which C.A.L. mode do you want to use?

\

ngzpu want to use a co tion of some or all of them?
If yes, then which ones? .

For which parts of the courseware?

L3 .
- o

Model  ° : - < . Y
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DEVELOP AN INSTRUCTIOMAL STRATEEY(3) “uy

Is the chosen mode appropriate to the objectives?

Why?

e " ‘ -~

il W —
B
!

N

Is the chosen mode appropriate to the characteristics of the target
population?

How? ' ]

Will the chosen mode gain and hold the attention of the user

v
»

(motivationa1 devices)?

P
W

Doé§ the instructional ‘strategy include Instructions?
N ' v ); " exercises?
L. ' tests?
examples?
; ' practice ftems?

feedback for guidance?

s feedback Srovided?
' frequently?
at the end? D
continuously ( a score appears on screeﬁi?‘
{mmed$ate? L
varied? -

" Model o - 38
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. DEVELOP' AN INSTRUCTIONAL STRATEGY(4)

< i . . ’ ,
' 1s feedback remedial (provide clues, hints)?

positive (not punitive)é

o . » 4

-

enriching {(provide additional 1nfor@afion)?

Are consequences to making errors more rewarding than giving a correct

. 4
answer?

3
*

Is the-vocabulary level appropriate?

)

'1f new words are used, are thgy defined?

Which of the following computer capabilities do you think your

courseware can use most effectively considering your objectives?
Does it condense or expand time? |
Does it condense’or magni fy 1mage;? \ . S ' £,
Does 1; control f&r real time responses (as in simulationé)?
Q&es the learner control the sequence? ‘ |
Doés the leaéneq control tﬁe pace? |

Doe§ it use a database for information retrieval?
Does it stream to\the appropriate levgj through branching? \
Does’it geﬁergte random calculations?

Does 1tdgenefate aﬂgdriihmic data problems?

, Does it use auditory, visual and tacti1é‘capab111t1es in an interactive

-4_ rm
manner?

Does it hook up with other audio-visual aids?
Model . . .36 o
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DEVELOP AN INSTRUCTIONAL STRATEGY(S)

-

Computer capabilities -cont'd:

Does it use quick, efficient editing capabilities?
Does it allow backspacing to correct responses? °
" 1s a running score continuously diéplayed on part of the screen?
N

Does the courseware use some‘oﬁ the following capabilities of the

michocomputer when cré%ging the screen design?
Does}it use different types of formats?
. Does it integrate non-textual elements?
, graphics. (graphs, maps, fllustrations)?

color?

-

flashing? ”
. underlining? o \\’

highlight? " :

S

SOUNd? . ! _ ’ ¥ . -
touch? ,
ete.?

" Are graphics used to-jog the memory?

-

‘as descriptions?

*

, .as analogies for abstract ideas?

"Does the courseware 1imit the information per screen page?
‘Does it use a constant format for titles, questions, etc.?
Does it present one idea at a time?

Is each {dea expressed in as'conéise'a manner as possible?

/
\

fModel".. .- 37 . #
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DEVELOP AN INSTRUCTIONAL STRATEGY(6)

' : .
Does it Use appropriate spacing? |
Does it bse appropriate letter size for the target population?
Is colour used to highlight?
‘ R © code?
differentiate?
q1rect attention?
f . provide prompts?
Is the courseware “user friendly"?
'Is it €asy to "crash" the pr;gram?
Do you need a manual to use the program or is it self-explanatory?
Is tbecs easy and réady access to a HEL& option for ”
> information about the use of the courseware?
explanation of courseware content? ¢
Is there a permanent coded 1ine on the screen which shows which options

are available?

Are computer delays exblained?

Can a menu (index) be easily called up so that users can go directly to

differeqﬁ,uni;s of the courseware?

Can the learner exit ahd enter at different places?

Can the 1earﬁers get their score at any time? j

Is material organized in a hierarchical fashion so that the learner can

go to a different level 1f so desired?- 4/

Model ' 3B : ‘

B -
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DEVELOP INSTRUCTIONAL MATERIALS

Definition: -As well as the computer component, the courseware package

includes other instructional materials, such as tests and

a teacher{s guide or manual.

B

The pufpose of this step is to produce the components.of the tourseware
package based on the instructional strategy. Don't forget that your
tests have already beeq'designed on the DESIGN CRITE&ION REFERENCED

rd

TESTS Worksheets.

N Is the instruction appropriate to the objectives? .
Is the 1nstructionfappropr1ate to the target population?
Will you include a teacher's guide or manual?

_-Hj11 the manual ' provide an overview of the courseware?

R 3
_ : provide’ suggestions for TUse of the
. courseware?

provide suggestions for the integration of:?
thé coursevare into the curriculum?

describe the target population? 4
describe the.entry behaviours?

explain how to keep records?. -~

pfovide simple troub]e-shooting procedures?
\Qrovide tecﬁqical information abdgt running

the materials?

+ Model . 39 7 : 2
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. : . A\
The Instructional Design Process is completed with the following three
sections. However,';t the present state of usé of this job aid tg; s
“comput er- courseware design, you are not requested to use them but yoﬁh
- are asked to read them and refer to gpgm when you do actually .destgn

~

courseware for use,

N . o

-~ - o
DESIGN AND CONDUCT THE FORMATIVE EVALUATION

Definition: .Fbrmafive evaluations are éonqugted to determine how
effectively the courseware works. Thé courseware is first
~\uséd with one member of’tﬁe target population at a time,
" then with a small 9roup, or as 2 field evaluation. Data
v ’ collected ag-each evaluation is used to 1dent1fy how to
\ improve the courseware and this is done before moving on

y  to the“next evaluation. ‘

Have you verified the courseware for values? -

' unintended 1earn1ﬁg?'
cultural bias?
language level?
‘grammay?

spe111ng?‘

P

Ly
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-

o REVISE INSTRUCTION

L

.’

Definition: Data from-the formative evaluation is used to re-examine

the.validity of the 1nstruct1onal analysis and the
assumptions about the entry behaviour of the learners. It
may be necessary to re-examine the performance.objectives,
.tés; items, and instructional strategy in light of the

collected data, Revisions are then made to the courseware

@

.to make it a more effective fnstructional tool.

-~y

-

Is there”pr@vjsion in the design of the courseware for revision?

-

Does this pr&vision exist for individual segments of the courseware?

~

v 4

. Are ‘these provis%ohs explained in the teacher's manual?

2

~ L

Does the courseware allow you to add to or change the contents? (1ife

span of the matéF?\l) . , T

-~

e



. ‘ 126
: é CONDUCT SUMMATIVE EVALUATION
Definition: The summative evaluation is the culminating evaluation of
‘ ‘ the effectiveness of instruction. It ochrs after the

§
_formative. evaluation.

This step is not part af the design pro‘ess. It is-usually conducted
. by individuals other than the designer of the materials.and so is seen

as outzi de this degign m_ode'l;
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+ + . (Worksheet) . - ] ‘
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CONDUCT INSTRUCTIONAL ANALYSLS AND IDENTIFY ENTRY BEHAVIOURS

el A

L4

( Worksheet )
- -

- ¥

LList 1n herarchical fashion the snbor&i_nate concepts.‘ skills, etc.
, needed to achfeve your instructional goal: ¢

?

I
-

)

In ‘the above hierarchy, identify the entry points for learners with

" .different skills.

hY

. W11 you in¢lude these subordinate skills or knowledge in the

ooursevare: yes-no -

If "yes® then at vhich point will you begin your courseware?
" Mark this point on your hierarchy..
Model , K,

V4
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IDENTIFY. GENERAL CHARACTERISTICS OF THE TARGET P'OPULAT!N 3
(Worksheet )
Characteristics of your target . Corresponding courseware
population are: _ - .design considerations are:
]
| N _ - h
‘-
A
’
. \ . -
i
s
— g
Model 48 '
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' © WRITE PERFORMANCE OBJECTIVES . . C
. (Worksheet ) . o
L8 Your performance Conditions for s Criteria for
" objectives are: succgssful completion: " successful completion:
- : &
’, ’ ’ ;‘ N

- [}
- .
-
[}
2
- [
Yy -
\'
*
e
v
. « <
L)
-
e w
¥
;
- [
/
+
“
\
’
- -
o
L]
Y .
.\ *
s
-
. .
' [
» 1
‘4
.
: Model - 49 L -
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 DESIGN CRITERION REFERENCED TESTS

T Test type:

N Test inétructions:

Examples with gnsweri:

ﬁract_iéi examples: |

PERFORMANCE OBJECTIVES

1

Mode)

u
(Worksheet)

50

Feedback comments for'
correct or incorrect

responses:
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DEVELOP INSTRUCTIONAL- MATERIALS
. (Worksheet )

Teacher Manual Content:

A Y
K3
L ]
- A )
‘ [
.
.
.
R
.
.
R
Fl A ?
n ?
&
L]
T,
* ' b
- h i
’
.
N
i ;
o U
it
"
i . \ *
Model : - : 52
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SR . * FORMATIVE EVALUATION
| . (Worksheet)* :

<

Points to be observed in a one-to-one evaluation:

\

"135

". - ‘ ‘ '.
' B
. \ L l .
N ' - wi.‘ i
T
\’ \ ’ ' ' - LY
x
4 ' . , [
' " ; ” ‘ ' ’ 'ob"\ + 0 .
Points to be observed in a small group evaluation: , . N
" : - o ' Ty
. '6 - !
- 4 \ ’
- e ‘ 4'" * % ‘f . ot
5 , , : -
¥ v
. L4 - ’ N
o - - ,‘
- & N
<

“*This is not part of this model but may be useful when a formative

evaluation is actually done.
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_ REVISIONS TO THE -MODEL
- OR INSTRUCTIONAL DESIGN AID AFTER SMALL-GROUP EVALUATION
‘,’2:' ) ‘ . .
v, 1. Worksheets: The worksheets (pages 116[»—4260!, which in the model

were a separate booklet, will be 1ntegratedninto the guide itself.

Each worksheet will immediately follow the corresponding design-guide

questions.

2. ldentify lnstructioﬁal Goal: The new defimition (page 91) will"
read: An instructional goal 1s_a gederalAstatement of what you want ¢
learners to do when tﬁey have completed your instruction. It should
ref?ecﬁ the terminal skill of the learners with regard to the module.
lf‘should not involve behaviours which hreﬁtoo large and complex for
one module or for one area of instruction.

Additional examples aré: , ‘ . ; \\‘

The target‘population will puhctuate paﬁagraphs.

.

' ‘ ~3. Conduct Instruq;ional Analysis and Identify Entry Behaviours: The

" The farget population will bake a cake. -

ot

- .new definition (page 92) will read: This is an aq;lysis of your

1nstructionallgoal in order tgsidentify the.subordinate skills or

e -= knowledge that must be.pdtj “Zed by the learners before it {s possiﬁle

” for them to learn to perform skills in a higher position in the
" hierarchy, and ultimately to perform the insfructional goal, The entry

point for each learner is the enfry behaviour.

*A11 page numbers refer to Appendix B.

P
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k template of the hierarchy will be inserted in this section. )

A
TEMPLATE FOR HIERARCHICAL ANALYS!S

= - o
: ! Instructional Goal !

. !;-

.
' N R '
. N .

! C ' !

{ subskill 3! "1 subskill 5 !

!5 “ ’ ' \!

. ’ ‘
\ ',
3 - se

| subskill 1! | subskill 2 ! | subskill 4.1

~

LI L L PP Y P L I I P PR LR L PP Y Y T P P PP P Y P Y L L Y L L X X

s

ENTRY-BEHAVIOUR LINE
- Below this line are the skills that must be possessed before

the learner can initiate the module

4, Write Performance Objectives: The definition (page 96)-will be

changed to the followfng:\ A performance objective is a very clear,

& .
detailed, and precise statement for each of the skills which has been

identified in the instructionalthierarchy, including the instructional

goal. At least one or more objectives can be written for each of the
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skills jdentified in the 1nstruct16n;4 hierarchy. A performance

objective s ‘the basis for devel oping testing instruments used to guage

-the_.effectiveness of instruction. These statements identify the skills

the target poputation will 1earn, the conditions under which they must
perform these skills, and the criteria for successful performance.

An additional example, including the conditions is: Given a ‘par‘ag'raph

. which includes both description and dial ogue, the 1earner will be -able .

&

to insert al1 the appropriate punctuation marks.
On page 97 in the question “Are your objectives clearly related?, the
word "rel ated" will be éhanged to interrel ated.

v
5. Des?gn Criterion-Referenced Testr;: The pl ace where th taréet
popul ation writes the Performance Ohjective will be moved in the guide
from 'page 102 to page 101, before the Tést Type 1s chosen. The
correspond{ng change will be made on the worksheet (page 120).

N Feedack: The guide questions about feedsack will be moved to page 100

of this section from page 106 of/ Devel op an Instructional Strategy.
The following will be added to the feeback commentary in tﬁ,e
Introdu’ction to the Model (page 87): Punitive or punishing feedack

“shoul d be avoided and remedial feedack encouraged. Feedback for.

incorrect responses should not be more rewarding or exciting than
feedack for correct responses, so that 1earners are not motivated to

commit errors in order to receive the feedack for the incorrect

responses.

-

fog
6. Develop Instructional Materials: On page 108 the foll owing

question will be added: Does the projram branch based on the 1earner's

Toe
.
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reSpon'ées, automatically going to an appropriate level ?
On page 110, the foﬁovrlng word will be addéd under Computer
Capab{lities Used: -Branching. '
Teacher Manual : On page 109 parts :f the 1ast question wilt-be changed

as follows: - - -

o

Will the teacher's manual provide information about BOTH the
‘ ’ _ courseware and the computer?

provide simple computer
¢ vy trouwl e-shooting procedures?
provide technical information about

: ' running the materials on the computer?

'w\
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INSTRUCTICHAL DESIGN MODEL

ATTITUDE QUESTIONNAIRE

Please answer the-fol1ou169 questions. "The information that you give

will be used to'imprové the instructional. design model that you have

just used. .

o
Please circlé the appropriate response and include any remarks that you

think can help to improve the‘pfficac1ty of the model.

a

o

Thank you for your cooperat{on. .
y y 0p /"“"’ v

A
~

1. Occupation:

2. _1f teacher, specify subject matter(s):

3. Degree of kn;wledge and familiarity gpith the content (microbiology):
"Very High 5 4 3 2 1 None at all
4. Background”§n Educationg Check off pertinent options;
Teaching Diploma / Certification
<\Sbue background in computing science / programming
B. Ed. |
M. Ed. / M.A. fn Education’

»

e.A.‘(Speciﬁy area: _ ‘ )

M.A. (Specify area: o A , )
— . - ‘ .

Other (Specify: . ’ )

Model 55
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5. Degree of knowledge and familiarity with Instructional Design

Terminology (e.g. pretest, entry behaviours, etc.):
Very High 5 4 3 2 1 None at all

Explain:

6. Degree of knowledge and familiarity with Instructional Design

Practice (e.g..Have you designed instructional yate(1als before? etc,)
Very High 5 4 3 2 1 None at all > ¢/)/

Explair.

7. Degree of knowledge and familiarity with Educational Computing
Terminclogy (e.q. Screen design, simulations, software, etc.)
Very High 5 4 3 2 1 None at all

Explain:

v

S

8. Degree of‘knowledge and familiarity . with Educational Computihg

fractice (e.g. Héve you produced or used speadsheets, word processors, .

educational software, etc.? E
Very High 5 4 3 2 1 None at all

Explain:

134

9a. How difficult was the model to use? . H&
Very easy 5 4 3 2 1 Véry difficult

b. Which parts did you find too easy? Why?

K]

c. Which parts did you find too difficult? Why?

Model ' ' 56
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10a. How useful was the format presented to guide you? \\

' : ~ Very useful 5 4 3 2 1 Not useful at a
\

b. How would you modify the format to make“it more us§fu1?

11a. Did you understand a1l the terminology used?
All 5 4 3 2 2 1 None

b. Which terms did you not understand?

‘C,-
I o ;/
/
12a. Were you equipped with enough prior knowledge .to be able to work
with this mode1? '
i Enough § 4 3 .2' 1 Not enough
b. What knowledge did you not possess?
. J
13a. Did you find this model made 1t easier for you to design computer’
“  courseware?
yes no
q . [
s : b. Why or why not?

Model . 87 .

o
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14a. Did you find the model interesting to work with? - »
Very interesting 5 4 3 2 1 Not interesting

b. ‘Why or why not?

15a. Did you feel frustrated-at any point?
yes - . no

b. At which point and why?

fia

v °

16a. Would you use this modei again? N

yes . no

b. Why or why not?

17. General comments:

Model u ~ ' s8
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“2. rods called bacilli:
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.. INSTRUCTIONAL DESIGN MODEL
CONTENT FOR COURSEMARE
Microbiology is the nameﬂgiven to the branch of science that
studies forms of life which are micrgscopic, or not visible to the .
naked eye. These microscopic forms ofxlise are called microorganisms.

P
Microbiojggy studies how microorganisms live and die, and the helpful 4

' and harmful‘ effects microorganisms have on other living things,

including man.

? One usefulvrfz_gf studying microscopic forms of 1ife is to group
them 1nto general classificatidns. Four general classifications will
be discussed here: l;! Bacter{a

‘ 2. Viruses
3. Fungt
4, Protozoa
Bacteria are very small m1croscop12 plants that are unicellular.
which means that they are composed of only one cell, Bacteria have a
rigid cell wall, are ‘usually transparent, and are no larger than

1/50, 000 of an 1nch in stze. If bacteria were large enOugh to see with

" the naked eye you would find that there are three different shapes:

1. spheres called cocci: @@
; o -

A
rd L3

. _3." spi'rais called spirochetes,. vibrios, or spirillum: %
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Viruses are submicroscopic, or even smaller than bacteria.

Viifses exfst in several shapes and sizes, but the viruses affecting

“'man and animals are usually spherical in shape.

' Fungi are usually larger than either viruses or bacteria, but many

are still microscopic Fungi are plant-1ike microorganisms such as

o

molds and yeasts.
Protozoa are the largest of the four types of microorganisms.

They are usually unicellular and are sometimes large enough to see with

o

the nakéi eye.

Most organishs studied in microbiology are so small that they

- cannot be seen by the naked eye. Therefore, the scientist must use

o

special instruments and special teéchniques to study microorganisms.
One instrument used {s the microscope. The microscope is a precisfon

instrument used to magnify or enlarge the microorganism to many times

.1ts normal size so that it caﬁ be readily studied. Magnification by

the mfcroscope can be as 1ittle as two times -or as uuch as 3,000 times
the normal size of the microorganism.
Frequently the microorganism must be prepared in a—épecial way SO

that it may be viewed with the'microscope. Sometimes it is placed in

water so that it can be viewed alive. At other times,'tﬁe (
structure are difficult to see, so it is
tion to make it more clearly visible.

for exampie. gram statnlis-a commonly used staining technique. {It
differentiates between bacteria by dividing them into two groups, Gram_

Positive or Gram Negative.

Another technique used by scientists to study microorganisms is
known as culturingc In tﬁis technique, scientists in the 1abocatory

Model C 6 B .
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;D ’ observe the growth of microorganisms on specially prepared plates,

dishes, or in test tubes.. A special food known as a culture medium is

. placed in the dishes. The microorganisms are then placed in the
culture medium aﬁd-al]owgd to grow. py using di fferent culture mediay
~and exposing the dishes to different environmental factors, the
scientists learn about the microorganisms.

Anothér way to study microdrganisms is Egrough ihe use of
different biochemical tests. Such tests demonstrate the presence of
differeﬁi/;;siems within the cell. One such test is fermentgtion. in

* which éhe.microorganism changes sugar into alcohol. |
" Another technique. used to study microorganisms is to introduce
them into laboratory animals such as mice or rats and observe the
animals for changes. This is known as animal 1nndcu1atioh. gometimes’
the animal 1s_}111e& and examined for the ﬁre;ence of internal ¢
reactions to the imicroorganism. . K
| Tﬁe environmental conditions which affect the growth and
multiplication of microorganisms include: .
1. type of fogd ava%lable
. 2. moisture
3. tempgrature
4. oxygen requirements
5. amﬁunt of 1ight present

It is 1nportdnt to realize that different micréorganisms requ1ﬂg

varying environmeﬂta1 conditions for optimal growth. These conditions

. bécome especially 1mﬁortant in relation to sterilization and -

) disinfection. .

LY

Model o R 7¢
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It is essential to know which of these 'environmental conditjons
can be controlled to destroy harmful inicroorganismé and attain
sterilization. For eiample, if we know a certain microorganism
requirc.;'s a temperat_ure of 98 to 100 cjegrees Fahrenheit to live, then
raising the temperature several degrees gbove‘ that level may kill it.
This is esse'ntially'what- is done durir{g the sterilization process.
A program to control harmful microorganisms in the dental offi(ce
environment consists of those sterilization met.hods which kill the mbst
resistant and harmful microorganisms. S
Microolrganisms each have their own specific requirements for these
environmental cond1t1ons; Much research has been. conducted to
determine the combinationsAof these conditions néce::;sary to mat nfain
the 1ife of harmful ‘microorganisms. Sterilization oftén changes one or
aH of these conditions to kill the microorganism and thus make it
harml ess. s
 oygen
Microorganisms also differ in their need for oxygen. ‘Rerobic
microorganisms r;equi re oxygen in their environment in order 3:0 grow and
multiply. Anaerobic microorganisms require an_absence of oxygen in
their environment in order to grow. In other words, if an); oxygen 'is_
present in the environment, the anaerobic microorganisms will die.
, Light
Microorganisms also differ in the amount of 1ight they require to
g(row and pultiply. Some require a great deal of light while o<thers
/,uactua_l 1y require darkness to promote g;'owth.
iruses have varying requirements for gnvi ronmental conditions in

which to grow and multiply. Specific viruses require specific b
%

Model ~ 8
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conditions. One thing that {s essential to the growth of any virus is

the presence of some 1iving-tissue,

Some microorganisms are helpful to man and some are harmful, It
is possib]e that in some quantities some microorganisms have no effect
on the body, but in larger quantities may produce disgaset The body
Var1g5'in its response to the presence of microorganisms.' ‘

Some microorganisms are normally present within the body. These

are'known as resident microorganisms. The oral cavity is a good *
~ -

' ‘éxShplerpf a part of the body where resident microorganisms may be

foqhd. It is important to understaﬁd,that the resident microorganisms
normally found in one person's mouth may be different from those
migroorganisms found in someone else's mouth. Ihe resident

microofganism found in the mouth may not be normally present‘in other

parts of the body.

o

jransient microorganisms are not normally present in the body.
They are transient, or present temporarily, in the body. These
microérganisms may be present in the environment or be the resident ’
microorganisms from somedne else's body. In additjon, microorganisﬁs\
which are resident to one area of tﬁe bo&;a;ay be transient to anoth;i
area\of the body. For example, certain micrporganisms.are normally
found on the finger or are resident there. If you rub your eye with
your'finger, some of the resident microorganisms may be transferred to
the eye, where they are not normally found. They would then be called
@ransient microorganisms and 1n'sdmé instances could cause d1sere. \

Infection: When a microorganism entgrs the body, mu1t1pl1;s, and
causes a reaction, this process is known as an.infection.

~

Model ' 9 : «
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Autogenous infection: An infection is known as an autogenous

infection when it is caused by a res*dent,micfoorganism. 1t 1s usually
~the result of resident microorganisms‘penetraping into an area where

they do not normally reside. For example, if resfdept microorganisms

in the mouth’ penetrate the oral tissues during an ‘injection of local
: *

'anesthesis and cause an infection, this would be known as an autogenous

inféction.

Cross infection: An infection is known as a cross infection when

it is cadged by microorganisms transferred from one person to another.
For example, if you did not wash your hands properly (or wear gloves):
S, ' g R -
..and a microorganism from. your hiqg/éﬁtered a patient's mouth and caused

an infectfon, it would be known as a cross infection.

{
Carrier of infection: A "carrier” is a person who carries or has

. present in the body a disease-bfoduc#ng microorganism, but does not
o exhfbit observable symptoms of the disease. However, the carrier can
transmit the disease-broducing microorganism and the disease to any
other individual who may be susceptible to the particular
- microorganism. For example, an individual may carry the m{gggorganism
that causes hepatifis and yet never exhibit the symptoms of’tﬂe disease
Q

--OF ever have hepatitis. When the carrier comes into contact with

others s/he can transmit the actual disease’to the other individuals.

a
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INSTRUCTIONAL DESIGN MODEL

TARGET POPULATION

P

«

You are attempting to create a computer courseware for use in

institutions which train dental assistants (e.g. CEGEPS, Community or

" junior colleges, eté.)f The curriculum will treat both skilled

‘procedures, such as 1nst3§hentation pracedures, and underlying

background knowledge, such as microbiology, so as to train a “thinking

technician." Your assignﬁbnt js to design a lesson which deals with

icrobiology.

The Tearner is defined in the following manner:

1.

3.

5.

Model

Engaged in a full-time program of study (typically one year)
which terminates in provincial certification as a dental
assistant. D

Typfcally 18-21 years of age although older learners are
increasingly in evidence. ' .

No formal education above the last year of high school is
éssumed. )

May be either sex, although by tradition this course of study
leads to a female;dominated profession,

Reading level of learners will vany‘bétween 10th- and 13th-
grade equivalents. !ﬁtell1gence can be assumed to be normal,
Learners are typically highly motivated because of the high
cor?elation between the training‘zurricu1um and requirements
of the profession. |

You may add other characteristics if you wish.

11
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Starting Time

<

Starting Page

8

INSTRUCTIONAL DESICH MODEL .

P]

.
Examp'le:
14:30 " 22
.
'5
P L4
Model

TIME LOG

.

Q

Finishing Time . "Finishing Page

15:30
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SUBJECT #: 1 BACKGROUND IN INSTRUCTIONAL DESIGN: " yes’

TIME SPENT: 8% hours

WORKSHEETS: - . -

lnstruct;oﬁal Goal : ﬁore 1ike performance oﬁjectives

Instructional Analysis: 7 general }evels above entry levél; gogd
although not every facet of the content was included; specific
pre-entry subordina®g skills specified.

‘Target Population: édded seven compl ementary thacteristic to yhat was
given; good correlation between the population aﬁd computer
considerations. /

Performance Objectives: 7 very detailed objectives; only one to be

1

done on the computer.

Tests: performance objective correspondg to mitiple choice testing
items; good remedial feedback.

Instructional Materials: performance objective corresponds to the
description of the contents of the screen; good use of computer
capabilities. ' '

Teacher Manual: Suggestions re the subject matter; no comput er.help.

Formative Evaluation: ' clear understanqing of .what this doe§.

CONSIDERATIONS FOR_MODIF ICATIONS

In the Instructional Goal it can be pointed out that there is a

step in which performance objectives will be written down and so it §s

not necessay to be foo'speaific at this point,

In the Teacher Manual step it can be noted that the manual should

refer not only to the subject matter but also give hints on how to use

“the computer in class as well as how to trouble-shoot.
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SUBJECT #: 2 BACKGROUND IN INSTRUCTIONAL DESIGN: yes

TIME SPENT: 6 hours 10 minutes

WORKSHEETS :

Instructional Goal: two general statements covering the content,
Instructional Analysis: excellent--42 {tems covering:gll/the content;

clear understanding of role of subordinate skills needéd for
. - v‘
' entry. -

Target Population: very good correlation between seven characteristics
of population and design considerations. |

| Performance Objectives: excellent and exhaustive-corresponding to the
.42 items in the instructional analysis hierarchy. )

.Tests. oral pretest for computer use skills and tests corresponding to
the items in the instructional analysis; remedial and enriching
feedback. |

lnstructionai Materials: has designed 14‘scneens using different
C.A.L. modes, with detailed computer-capability descriptions.

Teacher Manual: not done. ‘

Formative Evaluation: not done T

. . /
, .

CONSIDERAT!ONS‘FOR MODIFICATIONS

In-the Instructional Hateriais section this subject volunteered
the suggestion that the branching capability'of the'computer be

mentioned, d _ .

He also volnnteered that‘nn‘the worksheet corresponding to Design
Criterion-Referenced Tests that the order be changed so that the .
performance objective_appears before the Test Type. s PO

¥
1
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SUBJECT #: 3 : BACKGROUND IN INSTRUCTIONAL DESIGN: no

_ TIME_SPENT: 2 hours
WORK SHEETS : | g )
Instructional Goal: general twofgart statement
Instructional Analysis: gqood, but reversed;:éontent included with
, different entry points; no pre-entry behaviou} specified.
Target Population:. good correlation between five: characteristics and
design considerations.
Performance Objectives: 5 goo& performance objectives.
Tests: feedback Limjted to "Try again.* |
Instructional Materials: one example given; good use of computér
capabilities. ‘

Teacher Manual: not done,

. Formative Evaluation: a few items showing that concept undersgtood.

, N

-4

CONSIDERATIONS FOR MODIFICATIONS e

Although a sample hierarchy. is given, the necessi}y of
establishing pre-entry skills should be emphasized in the Instructional
‘Analysis section. . |

Emphasis on different types of feedb;ck {remedial and enr1ch1n§)

should also be médé.
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SUBJECT #: 4 " BACKGROUND IN INSTRUCTIONAL DESIGN: no

TIME SPENT: 11} hours \

~ WORKSHEETS: ‘ - (

Instructional Goal: general statement

Irstryctional Analysis: 8 levels, broken dowﬁ into-different parts;
specific considerations of ;hbordinite pre-entry skills needed.

Target Population: good design consideration§ for the pppu\étion
characteristics.

Pgrformancg Objectives: 6 very detailed performance objectives.
Tests: one entry-behaviour and one embedded test samples; feedback -
neither remedial nor enriching. ' |
Instructional Materials: 6 screens corresponding to the 6 performance
‘objectives; uses examples of d!fferent C.A.L. modes; only one

example of remedial feedback. ‘

Teacher Manual: good ideas for C.A.L. implementation and computer
L .

maintenance.

Lo g

Formative Evaluation: not done.

CONSIDERATIONS FOR MODIFICATIONS . ~

Emphasis on feedback -types could be done in Design
Criterion-Referenced Tests section rather than in the Develop
Instructional Strategy section. )

In the Instructional Matérials seition. this subject wonders about
the: feasibility of branching. This could be mentioned in the |
Instructional Strategy guide Section, as well as in the given example.

1
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SUBJECT #: 5 ’ BACKGROUND IN lNSTquTIONAL DESIGN: no
TIME SPENT: 3} hours |
. WORKSHEETS: = ~ | (
_lnstructional Goal: general, but on]& abou} one parf of the content.
Instructional Analysis: two subordinate skills séecified below tﬁé
entry point which is a general statement that is not broken down.
Target Populat{bn: six considerations re]atgd to population
chargcteristics. | 2 |
Performance Objectives: One performance objective with detailed
‘ conditions (This related to fact thqt‘only éne aspect ‘of the ‘
‘content was chosen to dp this project by this subject.)
Tests:” example of embedded test with good performance objective and
remedial feedback.
Instructional Materiais: three mgdes and screen displays described;
good use of computer éapabilities and enriching fgedbaék.

Teacher Manual: considerations on contents, none’on computer.

Formative Evaluation: not done.

CONSIDERATIONS FOR MODIFICATIONS

Emphasize the importance of breaking down the content above the

entry pdint,in the Instructional Analysis sect{on. e

Emphasize that the Teacher's Manual should cpnﬁain cOnsidera§1ons'-

on both the courseware and on the computer. - '

T
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SUBJECT #: 6 BACKGROUND IN INSTRUCTIONAL DESIGN: yes

TIME SPENT: 34 hours
WORKSHEETS:

Instructional Geal: general statement

Instructional Analysis: reverséd; five general levels with two
subordiﬁate skills,

Target Population: six characteristics with corresponding ,
considerations,

Performg%ce Objectives: four:dong.

Tests: entry-behaviour test with examples but without enr{chfng'or

remedi al feedb@ack. ) - -

Instructional Materials: One screen with §o€3‘use of computer
capabilities b&t feedback JuSt "Right, try again,® or "Wrong, try
again.” ) ~

Teacher Manual: ;courseware considerations; no computer
consideratiéns. |

-

Formatibe ivalugtion: not done.

CONSIDERATIONS FOR MODIFICATIONS

For Teacher Manual conclusipns see subject # 1.

For Feedback conclusions see subject # 4,

¢
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SUBJECT #: 7 . BACKGROUND IN INSTRUCTIONAL DESIGN: no

TIME SPENT: 2 hours

WORKSHEETS

Instructional Goal: general statement

Instructional Analysis: seven levels; points out what would be 1ab -~ !
work and what would be computer work; no pre-entry skills
specified.

Target Population: ﬁ}wo characteristics with corresponding
considerations.

* Performance Objectives: five performance'objectives

Tests: pretest Qith performance objective, but feedback nefther X
remedial nor enriching. .

Instructional Materials: describes four screens with corresponding
computer capabilities. ‘

Teacher Manual: . considerations for courseware; none for computer.

Formative Evaluation: a few notes.

CONSIDERATIONS FOR MODIFICATIONS
For Feedback conclusions see subject # 4,

. For Teacher Manual conclusions see subject # 1. >

(0
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SUBJECT #: . 8  BACKGROUND IN_INSTRUCTIONAL DESIGN: no

TIME SPENT: 2 hours 20 minutes
MORKSHEETS: Y
lnstructional.Goal: general twé part statement., ° _
Instructional Analys1s:¥ feversed with ele;eq levels, four of which are
pre-entry skills. ‘
. Target Population: six characteristics with corresponding‘
considerations. .
Performance Objectives: two done; specifies that the rest of the
material will only refer to one of these.
Tests: pretest with remedial feedback. . j
Instructional Materials: excellent description of materfal with
\\\ performance objective; good know1ed§e of computer capab111iies.
‘Teacher Manual: confuses this with student manual content.
g Formative Eval&g&ion: not done,

A CONSIDERATIONS FOR MODIFICATIONS

Tﬁis subject is Francophone and although she seemed to see tﬁis ﬁ;
a major obstacle, she managed to produce one of the better products.
The reason she may have confused Teacher Manual with Student M;nual may
be due to this language difficulty. However, in the Develop
« Instructional -Materials, it may be emphasized that this manual is

intended to help the teachers.

@
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SUBJECT #: 9 BACKGROUND IN INSTRUCTIONAL DESIGN: no
TJIME SPENT: 2 hours

WORKSHEETS:

Instructional Goal: general statement

Instructional Analysis: reversed and presented as four statéme;ts
representing the general goals of the courseware; one pre-entry
skill specified,

Target Population: seven characteristics with corresponding
coﬁsiderations.

Performance Objectives:* one perfofmadce objective which 1s'very
general with four conditions which are reallyathe performance
objectives. - :

Tests: threebexamples with good performance objectives; feedback {s

’ neither remedial nor enriching. \

Instructional Mat;fials: has students read a chapter then anéwer’ ‘
quesiionk on the computer; feedback 1§ not adequate nor.are the
capabilities of the computer exploited.

Teacher Manual: content and computer considerations.

Formative Evaluation: a few considerations showing that this concept

is understood.

CONSIDERATIONS FOR MODIFICATIONS

In the Instructional Analysis hierarchy it should Se emphas1zed
that the breakdown of content is how this material will actua]ly be
organized for learning purposes and so it is important to be very

specific in this hierarchy.

o
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SUBJECT #: 9 (continued)

N ‘ 167

/ ' -t
For Eeedbacﬁ\gonclu;ions see subject # 4,

In answer to %hes;ion #16a of the Attitude Quegtionnaire ("Would
you use this model again?), thfs subject answered NO and continued by J
saying "1 have an aversion to computer§. 1 would prefer studying or
teaching without the use of computers.” At may be for this reason that
in designing the Instructional Materials thi; subject did not exploit
the capabilities of the'computer: :"ft

Emphasize that the perfbrmance objectives determine the actual
beha&four/response of the learner and so sﬁquld be very precise

statements on what the earner should be able to do.

-~
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SUBJECT #: 10 BACKGROUND IN INSTRUCTIONAL DESIGN: no
TIME SPENT: 53 hours , . ‘

WORKSHEETS ; £

Instructional Goal: general statement .

lhstruct1onal\Analysis: &sing pretest and background 29; five
di;ferean;ntry Tevels but does not include the cédfent itself,

Tafgethopulation: four characteristics corresponding to very detailed

A considerations. '

Performance Objectives: two levels of performance objectives Bepending
on the entry level--3 objectives for each level. .

Tests: embedded test with three examples, performance objective, and
remedigl feedback,

Instructional Materfals: description of'd simulation with good use of

‘.computer.capbilities. |

Teacher Manual: description of contents and computer considerattions.

Formative Evaluation: considerations _show understanding of this step. -

ar

"CONSIDERATIONS FOR MODIFICATIONS

A hierarzﬁy iehplaie is needed so that all parts of the

instructional analysis are included.
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SUBJECT #: 11
JIME SPENT: 12 hours

-
——

.
. BACKGROUND IN INSTRUCTIONAL DESIGN:- no

169

WORKSHEETS:

Instructional Goal: general statement
Instruct fonal Analysis: because of heterogeneous popula'tion, has all
subordinate skills included in a 12 level hierarchy. ‘
®

Target Populat:io“n: 6 characteristics with corresponding

considerat ions.

Performance Objeciives: chose to do two with mitiple conditions.

Tests: embedded test with performance objectfive and eiamples; feedback -

X

not specified. ~—
Instruct ional Materials: describes three different modes for one
performance object'lve ‘uith different screen descri;.)'tions.
Teacher Manual: six suggestions for courseware use; none about
computer trouble shooting. ;
F"oma'tive Evaluatvziion: not done.

i

CONSIDERATIONS FOR MODIFICATIONS

For' Feedback c'onclusions se subject # 4.

For Teacher Manual conclusions see subject # 1.

9 -
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SUBJECT #: 12 'BACKGROUND IN INSTRUCTIONAL DESIGN: no

]

TIME SPENT: 5 hours . ) a
WORKSHEETS:

Instructional Goal: general statement
Instructional Analysis: upside down; 8 levels ithe spéctfic pre-entry
behaviour.

Target Population: 4 characteristics and corré?ponding considerations.

.Performance Objectives: 4 pecfo;mance objectives,

Tests: Embedded with remedial feedback (learner sent to review if

| answer is 1ncorcht). but-no enrichiqg feedback.

Instruct ional Materials: performance objective with déscriptioq ;f
screen and qetailed use of computer capabjlities; }eedﬁpck nefither
enriching nor remedial. | .

Teacher Manual: refers oniy to courseware, does not give compdter‘

help. -

Formative Evaluation: not done.

! , A

CONSIDERATIONS FOR MODIFICATIONS

For Feedback conclusions see subject § 4. » \

o

For Teacher Manual conclusions see subject # 1.

-



* . - ) ’ .
. a .
- v - . . , s )
.
’ L3
- R .
.
. ] . .
. . - M .
.
. N > @ ., —" o »
] ! -
. . ) ~ .
‘. f/
“ )
« . o
: - . ' . - - . 4
. L - Y
‘-
el - * .
o > . . Wob
. v .
: o . . P
- B . ‘ s .
- 4 +
- R . °
0 . . *
e . . s 4
- °
. . R . ) N ,
\ : ‘ | : .
. . - . )
- . .
) . . o v .
.
.= - : ) .
. R (
v - >
. . c e . “ L. -
., Sl s . « .
N . i
" “ . v .
" . ‘v. v t . -
. B - . e M
' - S "/‘“ : - v
- . N . . * ,
‘ . [ .
e ¥ .
! ) . ~, . N . - . N ‘
. . . . o ,
! ’ ¢ . PR .
., , , U 7 . .
. . '

" APPENDIX : N

, SUMMARY OF OBJECTIVES ATTAINZO BY SUBJECTS '~ |
N W - .

@ g I

. . 2 . . ,
, . oy L] 1 . . . X . Al .
. - » .
« . o / . . . .
’ : P o N - R
§ . \
o A ;o v . ©
: e ! - v . !
’\ , ., ¢ N - . o
v, . . . ' - - -
O . - w ! o L 4 ¥ -
ot ¢ ! - - ' . . \ i

u . 'x . a . e et . Se : ‘ -
» . . s - ‘ . . . )
. . d ' I o R . . . - . a ‘
- . T " o . . - . .
. 0 ' ' " - . -~ 1 " ! v 2 N - . . .
) . ¢ “ ‘. [l , LI s ot [ . '
. - e : : . . - : [ . ' -, , o

g s - AR , "
. o - [ - 3
. . 3 . [ 2 , , ~ .
' 4 . - . g ~ . &
. : . ' ' x f Ve f .
. @ . [ . ot 7 . . [
AN . - . . . . . . A ' . , . . 3
'\ o PN . . ’ P w 1 . - s * r,
. . ’ e a- T ow . . PEN v ‘e . - v ‘ . ) . . ,
"i - R ‘ « v, . K . , ! s ‘ - . y i . ' T
. " LI P . . . . \ - \ -
.-, . . ! LY . T ,e c, e T - * * . ° L 3
. . ’ A : . X N ‘. . N e
B} ] . - LI . ' e s R R a - [ - ~t§
' ¢ . .t v . ,
v X ! . .. " - N ol . «, ) e
. . ., . - B v .
! . : oo . \ - ' . v . . .
. . - - . Ey - a 0 N . . - ’ * ) *
et . . T . ] . s e . T R . o
P ‘a . . - ’ - s R
. L A L] £ e b ‘ P ' o
t - N N N . - -

oo RS . e - . - R . KON . R R !
B ) S n i L . " . ! o e .,‘ . [ B L - 4, -
N . . - ' . A B - s . .t .

' , . . . f N Y e A ’ PR it : i )
. v, - . B r ¢ . . ¥ . ) “ . R . s

» .- “ . , y . < . . , .
' AEEEN v - N LI ' . . . ‘ ' , P . ' s .
' . . N . ' " . » . '
s B - s N ' . C . e \ .




172

e

-

-—e

-
-
-
-

-—
-
-

-
-
>
-

-
—
-

—hey
-
-
-
-—
-
-~
—

ase
-
-
-—e
-
a-—e
-
-

-

——
-
-—
-

[

-— 4

-
-
-e
-
-
-—
-

-
-e
-t
-
-
-
-

-—c
-
-
-
-
-
-
—

-
-
-
-
-
-—a
-
-

-y
-
-
-
-
-
-
-—
-t
e

-
-
-e
-
——
-

——
-

-
—
-ne
-
e
-—e
-
)
—-—
-

)
-~
-
-
-
-

i /
T AT A . - $I1IspIadRIRY m.co,uo~=noa
P00 " q9bJk3 jueAd 3. j0 u0L1d1JIsag r e
PiAd A utod Asud Hc U0EIR3 1) LIUaP]
PAd AT C _ uotje|nded jabuey
i gm. i Aq vmmmwmmoa SLLLAS JO UOLIRDLLIUIP]
m-ﬂ.._.-w.m A " (%0F 1eUOFIIRIISUY _:Sw.o
‘i i “ . . 03 3bpa (mouy JO S||IXS ajeujpJaogns
i i ~s,uoijeindod 396J4e3 JO UOLIPIL LR,
i A Ad o | asn opmrmmgsow
i i i . J0j) 36pa (Mouy JO SIS dIPUipIOQNS.
i H i S co_uo—saoa j9bse jo :o*uou_u-ucwv_
i >,m.m.m mo>,uuonao oucn&uouuua se
i zﬁh\\.m 214199ds se j0u teob _o:p_wunMMma~ 21
TAG A . yeob _cﬂo*uuaguwc, JO uOLIP|MWIOY T[°]

i 1 i 3137dWOINI=1 ON=N S3A=A -

S

o

- - - e - - - - a—

igitli # 12308nS 3A1123080




y . . 1Y
: : | | :
. ' . ‘ )- ) .
. - :
e = s % L B e - - ] . .
A TA T A TAT AT AT AT AT AT AT AT AT 20U JO 51593 paads 03 buIpIsed G°9
PATABA TATATAT AT AT AT AT ATAT  ~ 53593 J0j SUOLIINIISUL JRB LD BULILIM £ \
. ,. PABA TA T AT AT AT A AT ATAT AT A . $1533 Joj wnipdw Bupsoowy g'g
T A T A T A AT AT AT AT AT AT AT AT A, $1523 PIUIIBSBJ-UOLIRT1JD buouwe bujsooyy 2°9
PA P A A T AT AT AT LI AT AT T ATA 3139910 yoea o
[ T T bbb b b . . J0y sjuBunijsup Juawssasse 6ujleasd’ 1°g .
P T A Th T T AT i AT AT AT AT AT AT ._ , ,.A. S8A1199[q0 Joj E
i i i R A A D T A S _ BlJa3J1d pue m_..o.ww—v:.ou m.:v:_u.:. W. \ SN\
. PATATTEA TAT AT AT AT AT AT AT AT AT | S9ALID3[Q0 3duewyoyJad 310 1adosdde butitm 1%
S I S S S S S S N O S S B O TT¥UG1193151590% uBTsep - s
. T T T T T S SRR ioi | 3JPMISJN0D 01 SD4354J93I0J0YD L
S I A I R O T T B T © s,uo)jeindod 3960y BupeRy 2y .
D I I A i : "
Pau i miorieisTiMoTsiviciei 1 4 Loaans \ i “IATIOIME0 )
N - - ) R .




A

~

p =
ﬂ ) PA T A T A
T 11 A
PN PN qA i
. PA A A
w . . o .
I | i [

. TA A T A AT

T B
PA A T A
BRI
, T
T S
I
, T T

2l i Ui 0l

NiAiNiNi
A Ai AT A

.
e

T T T

AP AT AT Al

LiAilili
~“

-—
-
-
-

B
. . .

i i i i
6i8ici9i

>
-

S

i

S i

MK A
S P
AiAd A
Ai LA
R
0
(R
.
bi€ici
5

. M R}
A S3titiqeded J23ndwod buisooyd 1°6
1 i 77T lenuew 20 apinb $,J9ydea3 JO UOSNIU] wmw
A ¥OPYPI3} |PLPaURY IO mv_:u_gcu Guisooyy 2°s

A i uopjeindod a6se] 03 mum_uaogqam yoeqpa’dj puv

“$1593 *$3S|0JaXd *AJe|nGedoA 6ULSOOY) [°8

AL TTTTTTTTTTTTTTTT T baqeas [euotonaasu} ue

i YItM dUBMISINOD O mwuma buredy g€°¢

-

A631003s (PUOLIONIISU} Bulsooy) 2°;

-

i ¢ S8 |3LA}OR .
i . ubnosul-mo||0j pue *ydeqpaa; pue adi3dead
i 40 9dAy ‘uoyjewsojut jO dpow uojIeIUBSEId

i .mmﬁw_>_uum levot 3onajsutagd jo :o_uowpupuowv— 1L

. a2 -

.""‘."'!""-’l-"'t"-"'If-""“"""‘-""“". - - - - -———

i - #103080S ’ JA1133080

1

NN



