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,SUMMARY

-e.koaL E
t

Prototype computer-basea, multimedia,'Iindividualized training /
systems have demonstrated that the concept of computer-assisted tnstruc-
tionkomputer-managed instruction (CAI/CMI) is valuable and is directly
applitable to an operational Ait' Force training environment. Sub-

stantial savings in traihing times and more efficient utilization of-
resources have been demonstrated. 'However, the prototype-systems in-
corporated research capabilities which were not essential to effective
routine support citt the majority of Air Force training. The purposes
of this study were (a) to identify those CAI/CtlI fOnctions with the
greatest po'tential payoff for Air Force) traini.kg and (b) to develop a
functional specification for a low-cott computt-based system.

,

APPROACH

'The applicabil iety of and requiremepts for CAI and CMI in"various
Air Force training environments were detqrmined by* syrveying potential
user personnel. Computer system architectures were surveyed to
determine Gazi`didate systems to meet the funetional requirements of .the
low-cost CAI/C111.4system. Alternative terminal, hirdware devices and
communication systems were surveyed, in ordEr to recomend an economical

set of input/output devices and communications interface to meet the
functional requirements of the system. Varittus computet programing
languages were analmd to identify a 1angua0-Oich would be cost
effective for CAIICM1 programming, The CAIICMI applications software
.area was surveyed, to determine the extent to which existing,fioftware
might meet Air Force training needs.

The initial assymptionS tAed to set the scipe of the study 'were as
fo1lois. the computer, termihal s , Communications programming language, .

and applications software must be capable of .

I., Supporting 500 students mp..4. shift,' in 1500 hours of instruc-
tion Across five courses, with 150'instructional hours of 'CAI

and with five CMI transactions per student per shi.ft,
,

Providing a proven studelit progress managementkapproach,

Supporting the product.* and evaluation of Ustructional1
traterials for on-line and off-line use;.

,Pwoviding set of stimdard reports for. vdridus level's of Mr
Force instruct4onal personnel, wi`th- flexible capability to
retrieve and analyze 'training performance dreta for Special
purpose. reports.



RESULTS

Air Force instActors and supervisory personnel identified a broad
range of functional capabilities'in the CAI.and CMI areis with poteritial
payoff for training. A total of 167 functionsfram seven major CAI/CMI
functional areas are recomwded for inclusion in the Air Force low-
cost system.

A survey of central processing units identified a minicomputer con-
figuratibn as 'the principal candidate for meeting the functional require-
ments of a dedicated local system. The concept of stand-alone devices
was eons.idered.briefly. It became'obvious that the myriad of combi-
nations could not be dealt with within ttlescope.and*time frame a the
study.

A survey of terminals and communications resulted in recommenda-
tions for a candidate low-cost student/administrativg terminl, a low
resolution graphics terminal with color CAI capability, ali hig
resolution graphicsterminal for CAip and a management terminal rgader/
printer configuratidn:

The survey of applipátions software indicated that all of the
recommended functions have been implemented on one or more existing
computei--based instruction systems, demonstrating the technical
feasibility bf implementing the recommended functions. At the.present
time, various computer-based systems present more sr less of the
Tecommended functions. Some of th9e exiisting systems, however, are
implemented on large centralized mainframes capable of supporttng
satellite oiperatiots, and incorporate soplOsticated research and

*adevelopment capabilities that are not essential to routine support o
the ,majority of Air Force training.
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1.11i INTRODOCTION 4

Prototype computer-based individualized training systems have

been developed and implemented at a number of Department of Defensq,

(DOD) and civflien installations. One such training system is the'

Advanced Instructional System (AIS) at Lowry AFB. The results of a

k variety, of research and development (R&D) projects tndicate that

1. Application of computer-based instruction (CBI) resulted in

vsubstantial savings in training time and more efficient

utilization of resources.

2. An opera,tional training system does not need sophisticated

research capabilities whicht although incorporated into pro-

totype systems and requited for research, arg not essential

to effective suppdrt of the majority of resident technical

training operational.requirements.

Full and economical exploitation of the demonstrated oper-

ational capabilities of the prototype systems in routine

support of resident training requires additional application

and system refinement.

Innovations in computer technology have drastically reduced the

prices of computer components and terminals. gonsequently, the goals of

computer-based training should te reexamined in the context.of 1979,

state-of-the-art computer technology.

.-The present study establishesthe requirements for a purely' o'per'-

ational system 'and integrates those requirements inta a system.design

based on the best of current cdmputer technology. The principal

objective was to de'sign a cdst-effective system configuration which

would efficiently,support the CBI functions identified as having
-

potential payoft from an operational viewpoint,-without includtng "nice

to haW or "rich" capabilities in support of R&D functions. The

products of this study are as i011ows:

1 An overall system specifiCatift, delineating a set of

functional requirements;for a low cost computer-assisted in-

struction/computer-managefrinstruction (CAI/CMI) system

(Appendix H).

2. This Technical Report, preseriting the assumptions, data

collection Methods, analyses, and results eelated to.CAI anCi

CMI -system capabilities,.selected system-architectures;

communication Systems, terminal hardware, and programming

languages and softWare. *This report includes the confiburation

"oran example law-cost CAI/CMI.system with communications

equipment,terminal.hardware,.applications programs software,-.

and a languagOwhich will .satisfy tne operational requirements

within'.established consfraints and assumptions.



2.0 STUDY PLAN
,

The research plpn called for accomplishment of the fOlowing major
tap,sks:

!

1. Determine Functional Requirements Of Users - survey Air Foece
uSers, analyze survey datau and determine functional.sequire-
ments for a low-sost CAI/CMI system lom operational use in Air
Force eesident technical trainillg progebms.

2. Survey Hardware, Software, and Systems
ware, spftware, and languages, anq
central processor units (GPUs), co
software, and languages.

survey available ha d-
candidates for

ons, terminals,'

Document and Design - write a fu ional specification and con-
figure an example of a state-of-th rt hardware/
communications/terminals/software system to meet 'the functional
requirements.

Figure 1 illustrates the task flow for this reseaTch plan the
fo lowing paragraPhs describe prdcedures for accompiiShing the tasks.

In order to provtple a framework around which the design work Of
this study could proceed, some assumptions were made regarding the is-
tended uses and environment for the loW-cost COI/CM4 System. These
assumplions are as follows:

1. System deign will be'oriented toward'resident techni.cal

2. .System design will be oriented toward a dedtcated Papal system,i''
'rather -than a large centralized mainframe-orlented *tem or
stand-alone mjnisystefis. A modular approacNto.explinsion will
be:incorporated, to facilitate tradeoffsgsuch fewer on-line.
students in exchange for heavier CAI usage. Itre effeats of
increased loads OP memory and mas storage require9ent will
be considered.,

System design will be targeted toward providing operationaf
CAVCMI support for apalogimateTy 500 students per shift:\ It
-is"also assumed that! the 500 students-are distributed across
.five differentcourses; the five courses account' for 1,500 \-
hurt of instrUction;'each student averages five.CMI trans-
actions per skirt; pot more than 10% of the students are usin
CAI at any one time; not more than.nine administrators. (in-
structors or.Apervisory personnel) are on-line simultaneously; -

and batch prdcessing is accomplished off-sliift (i.e. during
periods of low or no studertt.CAI/CMI 190).
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,
.0 FUNCTIONAL aOUIREMENTS-10F -USERS'

!The initial step -tooird. designing a low-cost' CAI/CM/ system Was
to determine' th.cAe computer-provided'.functions whist; would be. of value
in Aiir Torce .trainilS.g% To thit end, the 4-flowing taks.:\lere accotn-.
pl shed*:

9
.... ,

reparatjon. of a 1 fsts," ng of CAI and .CMI .:funttiops iihich coul d
A . .

'bek,provided by a oomouter-based'tr4Anikg systerhs
... ..\ .. ,, I-. ..i. , . -

P l'aration of'erating scale with wkich mir,FiWce.u§ert could-.,.sjiate paypff 'potentfals for vanibus .functiotis.

1dent4frcation of .a suitable sample of potenttal Force
users of-a low-cast C4U/C44/ systen.

t

,C1014ction 'of .data from the samp1e of potential users.

Analys.is of Vie data.

Determination of the CAI and CMI fiktians ivirhich*should be pro-
vided by.the- low-cost siystem.

1 JSTIUG4F,

-

compr.thensive 'listing of 184 potential CAI- and CMI (unctions was
developed, destribing those functions which could bq incert,orAted into
a CBI system. This_ listing was intended -tiri include any technicallY.
feasible- functions.which could'be provided for -Air Porte training by a
computer based 'system., -and- which were not considered to be R&D

functions: Thk).--outcorr.sof this effort was a /listing, of functions in

seven major areas: ''Student Testing and %Evaluation, Student Assignment
StudentPrOgress han,ojement, Support for Gtkidance and Coimseling, CAI,
Production and gainten4nce of CMI Data Base and CAL Materials, and In-.
formation and Reports (see Appendix A).

, -Th,e Appendix A lis ing of the 184 functions.tincludes the numbering
Seheme that. is ,used throu out this sreport in relprring to individual,
CAI/CIJI functions-!Roman nurberals deignate the seven major areas,
followed by letters and ArabiC numbers that designate subcategories and
individual functions.

3.2 PREPARE RATINGSCALL AND. SURVEY FORMS

The 184 CAI/CMI. functOns were incorporated into survey forms,
with a rating scale intended for use. by Air Force training and manage-
ment personnel in estimating the relative values that-the functions
would,have for- operational training. The rating scale was orient,ed
toward the concept of "payoff potential." The introdtxtion to the
survey form and the explanation of the rating scale are shown 'in



Append x B. The.explan#tion points out hat 'payoff poterfttal for Air
Force tain1ng can toqie frei any of the b.

9
,-

Reduced'train ng :time -....itudenti get .4rough:.faster.

Reduced-administrative load On in.Istructo\rs.

More effic4ent e of trainin resources.

I groved quality control over'students an4tor courseware.

Improved managemeVadministration. of trilnirig.

Improved courseware development and-evaldation pgcesses, _

resulting in better instructional materials and reduced develop-
ment times. -

The instructionS for using ttle rating Scale (Appendix B) asked
participants to conisider how much 'each' of the functions would be worth

to Air Force traiping within the context of the participant's duty
assignment, and to assign ratings using the -following scale:'

I Very high payoff potential.

2. = High payoff .ppiential.

3 = Moderate payoff potential.

Low payoff potential.n.
,

5 = No payoff potential.

it

(,= No opinisn & this function's effects would be ou side my area,

and I cannot estimate its payoff poiential.

Beca!use-of the large huMbdr of CAI/CMI functions ipcluded in the

listipg, two survey forms were prepared. One form.included the

functions _that were of pptential value in thd conduct of resident

technica) 'training at the instructor level. The second fotm-included

the fuOctions that were of potential value for Mr Force managers and

supervisors--e.g., course supervisors, branch chiefs, and training

advisors-.

The instructor survey'fo'rm asked for rat ngs on the following items

(see Appendix A

Category I (Student Testing and Evaluation), all ite s except

tten IB.

Category II (Student Assignment), all items except em IID.



W.
a

.CategurY lIF fStudent Piogressranagementl

'eategory'IV- (Support for Al4dane: anb 6uns'eling) all items.

Catsegory V (Computer-Aided Insthiction)"all iteMs.

Categgry VI (Production ind Maintenance of CMI DaU BaSe -and CAI
Materialg) all items except item VIC. *

=
.

.Categoxy VIII (Information Retrieval and'ROports) all items listed
under VITA, Reports for.InstrUctors.

The supervisor sbrvey form asked for ratirgs Oil the followti g items
(see Appendix A):

Category I (Student Testing and Evaluati3n), items IA, 18 IC,
and ID.

Category II (Student Assignment) items,II,A, 113, TIC, III), IIE,
an..1 IIF.

Category III (Student Progress Managemen ), ite0 II A, 1118,
11183-5, and..IIIC.

Categorynt (Support for Guidance and Cpunseling) items IVA and
iVB.

Category V (Computer Assisted Instruction) items VA, VB17 and
VC.

Category VI (Production and Maintenance of CMI Data Base and CAI
Materials), Items VIA1-2, VI8, VIC, VID1-6 VIE, VIEI-6 and
VIP

,Category VII (Information Retrieval -and Reports), all items.

h

Quantities of the survey forms were reproduced f6r iseJn the_ data .

collection effort.. Participants n the survey marked their responses
directly un theircopies of the forms, and Tdentified themselves by duty
position. Names or other specific identification were not required. -

SAMPLING.OF POTENTIAL USERS

Althogh the'design of the low-cost systed-Cias to becoriented ,

principally toward the needs of resident techni61,training, the needs
of, other Air Force.training programs were also to be,identified. This
woUld permit documenting the extent to which the-low-cost system would
meet the needs of, for example, on-the-job training (OJT), navigator
training, and field training detachments (FTDs). Therefore, samplings
of potentialusers from'resident technical training, and frow4 number

1



4 V

other.Air Foece training programs were identified for.inclusion

the iurvey of user requirements.

3.3.1 Resident Technical, Training Sample.

The sampl of resfaent technical training personne; was.
. ,

.

drawn from Air fraIning Command (ATC) Headquarters dt Randolgh AFB an'd

from. four Air' Force Techhical Training Centers (TTCs)-7Sheppard,

Xeesler, Chanutei 4nd Lowry.'
.

. ,

During theAIS developient tontract, cou'rses at the TiCs weit

analyzed to ildentify those which were prime candidate for inclusion '*

in any exPansion of the Air Force's CBI effort.Npased on 'that earljer

analYsis, the following courses were inOuded.in this survey 'of user

srequirements:

Sheppard.'TTC

Air*Cargo Specialist (3BRB60531)
Disbursement Accountin§ Specialist (3ABR67232)

Fatulty Development (3AIR75100-4)

Keesler TTC

Personnel Specialist (3ABR73230)

Ground Radio Equipment Mechanic (3ABR30434)

Telecommunication System Control Specialist (3A3R3e730)

,Faculty,Development (3A1R75100-4)

C'hanute TTC

Aerospace Ground Equipment Repairman (4BR42335)

Life Support Specialisf(3A092230)
Airframe Repair Specialist (3A8R42735)

Lowry TIC )

. Munitions Maintenance Specialist (3ABR46131)

Inventory Management Supervisor (3ABR64570-1)

Faculty Development (3AIR75100-4) Irldrobregi

Personnel from several other AfC resident tedhnical trainjng pro-

grams were.included in the user survey because of their involvement

with, and knowledge of,'Air Force computer-based 'training;

eppard-TTC1 (4ers of PLATO)

Healt re. Sciences



Chanuie.TIC (users of P

-Vehicle Repairman, (3A
Mrcraft Pneudranlics
-Plans- and R4quireinents
PLATO, DeAlooment Gtou

Lowry TTC users of ..AIS)

4

R47231, 3A1BR47232
(3ABR234) .

Division

I.

Inventory Management S cialist (3BR64610)
Materiel,facilities So cialist (.11AR64531.)
Precision Measuring Equipment Specialist (3ABR32430)
Weapons Mechanic (3A8R46230).'

The Mr Force memoranda requesting*. the ITCs' Ilaeti-cit5ationAn the,

survey of user needs requested ...coop4ration in the Feasiirility Stu

Survey of the foylowing individuals/agencies inVolved with conduct b

the above cburses:

The Del:nay Commander for Training
The Training Advisor
The Technical Training Group Cbmmander(s

4. The Chief,. PlansfRequiremnts Diwision
St The Chief, Branch Curriculum.peireloortent Unit

=Resident Course Representatives
-Nonresident Course Representatives
-Instructor and Course Evaluation (I&M) Representatives

6 Course Supervisors of the above CourIes
7. .Ten Instructorsifrom each of the above Courses."

The participation of personnel from Technica/1 Training (Ty) and

Plans.(XP), )4Q ATC kRandoloh AFB, was also requested. These spff

. agencies ardsesponsible for planni.ng, prograTing, administering, and

managing ATC technical trainimg at the ATC Hea uarters level.

3 3:2 'Other Air Force Trasining Sample

The following instructors and supervisors from training

programs other than resident technical training were identified%for in

clusion in tihe survey ol user requjrements:
A

1. -FTD/041 instructors -and supervisors from. Sheppard Mather, and

Dayis Monthan.AFBs,

Program managers and staff perso nel 1from Air University.

'Staff personnel from HQ ATC (DO) fdolph AFB -(oilot training)

4



Instructors and.staff personnel from-pdergraduatd Navigator,

Training (UM). Mather APB,

3. 4.- DATA. COLLEC

I

The necessary surxrey data wereslco.11ecte at.iach' of the sitei

Identified as part o( the user survey sampli g. 0.ftferiftid pro-

xedore, observed wherever the.partAcipati-ng peisorniel could accpmmodate

the deammis on their time; was as follows:

A groupWAir Force partieipints gatherbd for a-30-minute

..briefiaig Which explajmdd-the*purposes of the sUryey and the

mehOngt of CAI; cM1, and othersPectal terms'used in the

-sgvey-forts.

Survey forms whre dist ibuted to the: partici-pants.
Vt

Participants-completed the survey form.

4. The starvey forms were'collecied.
.1

'The total time required for'this prOcedure averkged Opproximately

2 hours. Personnel who could not stay for the entire session Were.

permitted tO take:theIesurvey.forms with them to be completed later.

In these cases, a rerresentative was designated to collect the forms.

Some LowrfTTC per.sonnel were already familiar with,AIS computer-based

training, and the briefing wis,omitted. -Using.these procedures, the

rate of returh for surfiey fums was better'than 96%.

For some traieing pro.grens, other than resident technical training,

the survey forrs were not-deemed appropriate. In these cases, the

participants were-interviewed to determihe their particular functional

re uirements 'for a Copputer-based thinine system.
e

3.5 DATA DIALYSIS PROCEDJ"FES IA

Tfle respcnse dataratings of oayoff'potential for the CAI/CMI

funations extracted fro.. the 'cc.m7leted survey formsvier.? entered into
y .

the A computer. Theb. for each iten in the 7isting of functions,

mean payoff rislings and distributions of ratings by groupings of re-

spondents 1-4ere derived. The grouping of princiarinterest for the

esigin phase -of this-study was "all ATC resideAt teciigical training .

,respondents." .Groopih0 OrATC respondents involved 1410 trflping pro-,

grams other .00 resideKt tYchnical training were of interest in

Oetamining the.extent.to which th'e low-cost system would be abie ta

c!eet the needs.of othr types of Air Force training.

The various groupi inCidded in the survey differed in SI

ranging from 1 fp 23 particiwts'oerkgroup.. It was assumed that all'

gdups of equal importance and should cOntr bute equallyeto tne



1. - ..

mean payoff i-atings. Therdfpre, means Were derived'foreeaCh functi6n
by arereging the means- from. each group, enterind into, the analysis.
Thug, the size of a girouis dit.4; not tiettarpine that grtup's contrtbution

. I f

to ubc.% oveY'all clean ritngsi
.... .[ i ..' . ,

a. 7.r.TErININATIoti OF FINCTIONAL TEC: IilErIT$

The user ratings
k

or -!-.e CAI/CMI functions an& the Syste- impatt
of -,...hcis'e furic-ions were ft:to ,primq..considerations in de'teraing the 'f.inctional re6firetients'.for ths lOw-cost system. The lend produc't was
a 1isttng4of CAI/CMI fUnctional r-eqOrements plus a .recorinendation for
each function ;that ft be either retained as a function to be pi-ovides:.
by -the lcw-cost system or eliminated from further :0,nsideratioff.

,.
..3.C..1 Retults From Res. -ident Techhical Train-ins,

ik

N
%

.

A total of 268 personnel involve, in resident technIca .. ,

training completed futus for the survey.of user functional requiremeYits.
The itstnbution of participantt is.shown in Tablf J..

The results frcn tne survey of ATC resident teGhnical .trairang
progrfa.is an shown in Appendixes C and D. Aendix C lists the

.f inctions in the. order in vt.hich they appeared on the survey form and
indftates the mean payoff ratings 1.1(.; the, system impacts (files needed
and estimated CPU-usage), for each of.the functions. Appendix D lists
the functions in order of average estimated payoff, and includes the.,
distribution of r4t1ngs given th the functions by the survey. partici-
pants.

The user survey results can be sumarized as f011ows:

1. Meai. i.atings of. the 134 funct.ions range 'Fror the highest-
rated item (Flag Test Item Alternatives Missed by More Than
70% of Students) %vitt' a mean rating of 2:07, to, the lowest-

. rated item (Students Select Desired Alternate Module Assign
ments) with a meanrati rtg of 3.71.

Of the 18'1 listed-functions, 61 received ayerage.r tings
better than 2.50, and 115 received average ratings less tha'n
2.50 but- better les-S 3.00. Only 3 of the functions ratet
worse than 3.00 (moderate payoff). 1,

S.

.Eightyrtwo.of the functionS were rated 1 (very laigh payoff) or
2 (high paybff) by 50% or more of the 268 participants.

Even the lovrest-rated functions (Students'Select Alternatives,
and Heuristics (tules For Assignment Selection) were rate'd high
Or very high payoff by more than 7% of the participants.. *
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TAB RESIDENT TECHNICAL. TgAINING PROGRAMS.AND
. NUMBERS OF HIKE SURVEYER.

TALS

.SHEPPARI? TTC

Air Cargo Specialist
,Disbursemer.t/Atcountin 1 3

'Faculty^Oeveldpment 11

'Health.eare.Sciences 9

Total

.,KEESLER

Ground Radio Repairman
Personnel 4.peciCist
Facplty Development
Telecommunication Specialist

Total
t .
CHANUTE TTC

AGE Repairman 8 15

Vehicle Repairman 15 3

Life.Support Specialist 4 7

Aircraft Pneudraulics 10 3'

Airframellepair Specialist 5 4

Plans and Requirements Div. - 6

PLATO Development Group 4

Total
1 .

P.

-5

10
,65

7

6

4

LOWRY TTC

InventoryManagement
Materiel Facilities
Pnkision.Measurlment Equip.
iniltntory Mg,t. Specialist
Munitions Maint. Specialist
Weapons,Mechaniq
Faculty Development

Total.

RAND6LPR. AFB (HO ATC)
P.

Technical Training (TT)

Plans (XP)
Total

.9

6
15
5

4

5 4

3 6

42

84

63



The highest-rated functtons (Flag Alternatives Missed By.More
Than 70%), was rated no payoff by only one of ttm partioipants.

The.numbers of X (don't M# ow) response; ranged from.4 (for On
Line Test Capabilitiei)-to 55 (for CAI Authoring Editor- .

.Automatica4.1y Structures Sequencing Of Frames),t

Mean ratings and correlationsibetween ratings from'thevariou 4
resident training organizations involvethare shown to Tabl 2. The

per611 mean ratings range frun 2.91 (slightly Oetter thap moderate
payoff ,average for /he 184 functions) at Lowry Iff) to 2:48 (pldweY
betw46 moderate,and high payqff) at Keetler. The correlations are all
positive and.range from 0.30:for leowry/Randolph'up to 0.78 for Sheppard/
Keesler: There is poderatie-agreement'between organizations in 'thetr
ratings of the functions and quite close correspondence between tirgan-
izations in their overall mean ratings. In other ylords, the organ,
izations showed, moderate agreement as to which funOtions were most, and
least, important, and agreed iiather closely as to the potential payoff
of CAI/CMI for their particular training operations.

TABLE 2. MEAN RATINGS FROM' RESIDENT TRAINING ORGANIZATION§
AND CORRELATIONS BETWEEWORGANIZATIONS

LOCATIbN 'MEAilmi

RATIlmr
CORRELATIONS A

KEESLER C ANUTE : LOWY RANDOLPH

SHEPPARD

KEESLER

CHANUTE

LOWRY

RANDOLPH

2.50

2.48

.2.62

2.91

2.78'

.78

,

,

t

.57

.43

.

.41

.36-

.63
,

..39

.44

.33

.30

. .
Mean ratings,from personnel with and without cp. experience at

towl and at Ofianute are snown An Table 3. These comparisons are of
Anterest in determining if-experience with CBI results in oy overall
*change in'how the payoffs of CAI/CMI functions 'are viewed. .At Lowry
TIC, th'e average rating from personnel in AIS courses was 2-.70, some-
what better than the 3.13 average for personnel in the non-PLATOL
courses. At Chanute, the overall mean rating from personnel jn PLATO
courses was 2.372 somewht better than the overall' mean of 2.18 from- .

personhel in the non-PLATO courses. It appears that experience with CBI
-did not markedly affect the mean ratings pfcCAI/CMI functions.

a



*WRY iTC

MS COURSES

ventory Management

tertel Fad i 1 i tits
-Meas. Equip.

,

apons: iMechanic

T BLE 3. MEAN 'RATINGS, FROM PERSONNEL ASSOCIATED WITH
COMPUTER-BASED AND NON-COMNTER-BASED -COURSES

.1

Overall Means.

IANUTE TTC

PLATO COURSES

4

NON-MS COURSES N
,

2.88 inventory Mgt.-Supvr. 3 6

2.61 .14uni Vioii Maintenance 3 25.

2.89 Fatuity Development. 2.69

2.52

2 70

MEAN 1JON-AATO

w

*

.MEAN"

!hide Repairman

ieudraul ics

:ATO Devel. Group -

,3.06
2.53

1.41

Overbll Means 2.37

AGE Repa4irman

Life Support
Airframe Repair

2.45.

2.70

2.58.

The last item on the survey forms asked participants to list any
iditional functions that should be iirovjded by a computer-based tralin-s
ng system. There were 57 participants who responded to this
uestion. Most of the responses added more detail *to already-listed
unctions, or comented (positively or negatively) on the survey and on
BI4 The substantive suggestions for additional fynctions, ansl the sub-
equent actions taken, are as folloWs:

.

1 System, to adjust\ttie honor graduate score to keep within the
10% ATC, requirement - Action: 'to be included in the low-cost
system specificaticin.

4
e

System to provide a data base to handle credit in the
Comunity Colleie of the Mr Force4CCAF) for courses
completed,- Action: not to be included in low-eos,t system,
because of potential interface problems, and because tite
low-tcost system is to be a local system.

3. -Syslem to provide sliar-up con*rsational capability between
terminals, for student-thstructor interactions - Action: not
to be included in low-cost system because of likelihood of

19
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misuse aiid because the initial low-cdst system ii or4ented'
. toward ldcal resident technical training use, rather than'

terminals/distributed at remotejocations.
. .

r '

SYstem to assign instructors automaticafly, within the tourse,
based on qualifications, availability, etc. - Action: nottlar
be included because.of unfavbrable institutional chab§e. *
aspects a.nd overlap with other-Air4arce personnel management
systems. .

. -

4

. 5. ystem-to assign graduating stuvients to duty stations, based
on student proficiencies eficiencies and on duty station

ir
requirements - Action: not to be included,-because.of unfavor-
able institutional cha n e aspects and overlaii with other
personnel* management systems.

'Examination of the survey results leads to the conclusion that all
f the CAI/CMI.functions,are of some potential Oalue to resident
echnicartraining.- Furthermore, estimates of payoff potential range
long a continuum, without clear separation points, from low payoff up
o high payoff. The moderate correlations between organizations subgest
iverse traiping needs -- i.e., the subset of functions with the-great-
st payoff potential for one AIC organization is not the subset with
yeatest potential for another organization. The system impact
stimates shown in Appendix C indicate that file requirements and CPU
-*is are determined principally by inclusion or omissiOn of Major
iroups of functions, pot by inclusion or omission of a few functions

. 'ism within a major group, Therefore, even though specific functional
.equirements differ from program to program, it may be most practical
:o kovide a system which has all deSired capabilities and allow, the

rogram tQ ui-e those functions they want and ignore others.

Asqtlie fina'l step in the analysii of f6nctional reqdirements for
kTC residdnt*technical ttaining, AIS experience and :lessons learned
iere applied in determining the final list of CA1/CMI functions to
?nter intb the "system analysis for the tow-cost system. The functions
:hat were dropped from further consideration, and the rationales for
mitting these functions from the low-cost sys.tem, are listed in Table
1. Tpe retained functions eater into the...system analysis and Gesign
)hase of this study.

20



TABLE 4. TOncTI6Ns OMITTED FROM THE LOW-COST

SYSTEM- SPECUICATIOti, AND.RATIONALES FOR OMISSIONS

fliNCTION (Compleu Stat6nents a're in,Apkendix A)),RATIONALE FOR OKISSION'

I. 1A2 'STUDENT TESTING AND EVALUiTION,- CORRECT SCORE FOR GUESSING/

Rated low in survey *of Air F6rce needs, not viewedvas
educationally iMportant by ATC perionnel.-

1A3- ST6ENT TESTING -Atm twILDATION-wETGHT outstioNs .DIFTERENTIALLy/
-Hot* pracuvai I;,irt Air Force :courses ,, to determine the weight-
ings. Requfres "subjecti'Ve judgements"-frotn-Subject matter
experts, 4or reqsuireS a large amount of performAnce data
collected within the course and from, the field, with time-'
consuming data analyses and interpretations to reiatie
responsks with, field-performance. The demand on, course .
personnel to accomplish these-taSks is not worthwhjle, in
terms of edu6ational benefits.'

1A6 STUDENT TESTING AND EVAf_UATION'4ASS SPECIFIC QUESTIONS/
,Rated low by ATC personnel, viewed as low payoff. Determiti-
ing critiCal "must answer" questiofis--"requirwes'subjective
judgements by' course personnel, supplemented with data
collectfon and analyses to veltdate the deasions. The eti-,

ucationaI returns will not justify the,demands on ATC course

perionnel ft ,

4. ;84 STUDENT TESTING AND iVALUATION-ON-LINE ?ONSTRUCTED RESPONSES/

The costs of Software developmentThr this capability, and-
the demands made on authocs, outweigh.the educational gains
that tan be expected in ATC resident technical training.
Authors are required to specify, in great detail, allowable
alternate 'spell ingsi alternate oriieringS of Words, etc.
Only aftirtcareful -observations of student responsescan- an

author det9rmine that the correct, answers are all treated as
correct and that'all the incorrect a.nswers are scored as
incorrect.

186 STUDENT T.STIiiiiAND EVALUATION ON-LINE, ADAPTIVE Cif CPURSE,

PERrORMANCF7
/ Too diffsicult for authortto define the adaptation to:be

used. Requires data, and'analyses, to relate.student
performance 'oh Olher TessQrs'i-n -the- course to "what should

, be done at this step in this test?" The necessary analyses
and interpretations are, ''prdctically, not cost effective
in ATC.resident technical training

1185 STUDENT ASSIGNMENT-ORDER SELECTED 'EtY INSTRUCTOR/

This capability, if provided, would impose on,instruct3rs
the task of determining the §equenc in which each student
should take the course lessons. It is more practical to



TABLE44. (Continued)

have the system make assignments based on cr te ia'deter-
mined bithe,BiAnd, with insteuctors overri ng for
exceploal cases.

*

-
,

IICI STUDENT.ASSIGNMENT-INSTRUCTOR ASSIGN ALTERNATES/
As-for the preceding item, the tnstructor is freed of routiRe

o -G

if-the system makes the assignVs to al,teroates,' with the
i-nstructor overriding for excep nal ases: ,

,

1,1e2 -TUDENT ASSIoNMENT-STUDENT SELECTS DESNEP ALTERNATES/
Rated very low by ATC--instructional payoff is believed to be'
quite small/. Omitting this function still leaves the in
structors free tO-override, so.that a student who can con-
vincê an instructor to intervene may take any, desired
alterna,te. '

IIIBS Si'UDENT PROGRESS MANAGE Er-GRADUATES: 'SCHEDULE OUT-
PROCESSING/
The system will flag those students who are to graduate
during some designated time period. 4owever, the problems
of interfacitg with all of the organizations involved in out-
processing students is .outside the scope of the low-cost
system effort.

t.

IO: 11106 STODENT PROGRESS MANAGEMENT-MANAGEMENT TARGETS RELATIVE TO
PLAN OF INSTRUCTICN LEO3TH/
Avei'age 'course length. is more immediately related to
curriculum chipges than is Plan of InstruCtion length.'
Therefore, MfMgement functions which are'relative to
Average course length will reflect shortened cr lengthened
curricula sooner than if relative to Plan of Instruction,
length.

,

11. VB4 COMPUTER-AIDED INSTRUCTION (CAI)-TOUCH PANEL OR LIGHT PEN/
Rated low by ATC personnel. Seldom needed for' student use.
Principal value is in preparation of graphiCs.displays fot
CAI lessons, This will be accomplished at a graphics
terminal, in the lOw-tostisystem, rather.than at a, Student
interactive terminal.

12. VIIG1 INFORMATION RETRIEVAL AND REPORTS-PRESERVICE EUCATI1N, VO.C.
"MG., TO MAKE FORECASTS OF FIELD#ERFORMANCE/ I ,

Difficult to derive predictions based on pre-service
vocational Wucation data. Good predictions would require,
for each cbursel a'iufficieht data base from which to,derive
reasonably accurate regression equations or heuristit rules,
and the skill and title to perform and interpret-the Sialyses.



TABLE 4. (Conc1u0d)

13,, VIIG2 INFAMATION REiRIEVAL AND IttoltRit-,PRESERVICE OCCOATIO141 ANS-

JOB EXPERIENCE ,TO MAkE FIORECASTSF FIELD PERFORMANCE

13ationa1e Sor omissiokt. same,' ,as,Tor VtIG1.above.

:. '... - .

14. ViIG3 INFORWION RETRIEVAL AND REPORTS-AF PERSONgEL. RECORDS DAV,
. (AVM-, ,ETt.) TO. MAKE FORECASTS OF:FIELD PERFORMANO/

N
Aationaie for,omi ssi3Onl. same .0 for YIIG1. above.

^

15 VIIG INFORMATION RETRIEVAL AgO REPORTS-SPECiALTY-REtATED
.DENCIENCIES TOAMAKE FORECASTS OF k MID 'PERFORMANCE

Rationale for ems1on, saie asf for VIIG1 above4,

16 VIIG6 INFORMATION RETRIEVAL AgD REPORTS-PRED/CT STUDENTS'
ADAPTABILITY, PERFORMANCE, AND PROGRESSION IN OPERATfOgAL

FIELD 'ASSIGNMENTS/
Rationale for omission, sane aS for VIIG1 above.

NOTE: Of1 the VIIG set of functions (Performance Forecast RePorts to the

Field), VIIG4 will be provided by-,the lOw-aost system -.Reports

'to the field based on .in-iiservice training ,performance data.

17. VIIH1 SPECIAL .REPORTS-BASIC., DATA RETRIEML; BKGD/
Dropped it) fivor of the higher-rated InV active

,Retrieval With,Statistics (Vmi3).

18. IH2 SPECIAL REPORTS-INTERACTIVE RETRIEVAL/
Dropped in favor of the higher-rated Interactive

Retrieval With.Statistiss (VIIH3).



3,6.2 Results from Other Air Force Training Programs

. In addition to surveying ATC resiant technical training
requirements, other Air Force training programs were also included.
The additional program, and numbers:of.participants, are listed in
Table 5. As described earlier (SeOtion 3.4.1) and as indicated below
data were,collected using survey forms arid by interviews in which the
turvey form served as a guide.

TABLt 5. ADDITIONAL PROIGRAMS OGLUDED IN SURVEY AND
NUMBERS 4OF PARTICIPANTS

*-FIELD TRAINING DETACHMENTS & ON-
THE-JOB TRAINING-':-SHEPPARD0
MATHER, & DAVIS MONTHAN AFBs

Survey Forbs

Intervfews

AIR UNIVERSITY'

Survey Forms

EXTENSION COURSPe INSTITU#

Interviews

H0 ATC (60), RANDOLPH AFB
(.Pilot-Trainih9)*

Survey Forms

MATHER AFB (Undergraduate
Navigator Training), r

Survey,Forms

Interxiews

TOTALS.

INSTRUCT RS SUPERVISORS

2

6

a

a

33 50

* Explicit definition of the computei--based functions required by
Flight Training Is given in Data ut,pmation Requirement DAR A78 2,
Time Related Instructional Managemen for Pilot Training, Air
Training Command, 29 June 1578.
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Results from the survey forms arR tabulated in Appepdix E. The
mean ratings, and the correlations between ratings from the various pro-
grams -are shown 4n, Table 6. Residint'techni'cal training is also
included in Table#6 for purposes o comparison.

TABLE 6. MEAN RATINGS AND CORRELATIONS FOR VARIOUS

AIR FORCE TRAINING PROGRAMS

PROGRAM*

OVERALL
MEAN

RATINGS

CORRELATIONS

UNT PT AU RES

OJT/FTD'

UNT

PT

AU

RES.

*2#.92

2.68

3.09

3.31

2.62.

.25 ,04

.73

.34

.08

.16

.374

.13

-.08
.51

* On-The-Job Training/Fleld Traihing DetaChments (OJT/FTD) Under-

graduate Navigator Training (UNT), Pilot training (PT)*, and Air
University (AU)...Resident Technical TrOning (RES) is included for
compari son

The-Overall, mean Of the ratings `From resi ent technical ,train'ing
is 2.62 -- between High (2.0) and Moderate (3.0) payoff. The mean

rating -from UNT is down only slightly (2.68), followed by OJT/FTD

(2.92) 9 PT (3.09), and AU (3.31),' These other Air Force *training pro-
grams.4o see payoff potential in the CAI/CMI functions, but not a% much

potential as in resident.technical training. The correlatiOns indicate
some comonality among,the needs of OJT/FTD, AU, and resident technieal
training (correlations of .34, .37, and .61). There is also consider-
able commonality between navigator 'Val ntng and pilot tr'aining
(coyrelation of .73).

The notes from the interview§-were anily;ed, and the resUltt are
Shown in Appendix F. Because the survey form served as a guidefor the
interviews, the responses fall into the seven categories used on*the
survey form but do not correspond exactlysto the wordings used in the
survey. Each, function listed in Appendix,F was .categorized as either
(a) already provided by the functions listed on the surVey form, (b)
already provided by the survey form functions but requiring-minor
modification to .viapt from resident technical training (for example,-
referencing test Items -to Career Development Course volumes instead ,of

to resident training lessons, or (c), not provided by the survey fori
fpnctions. These,categories are also indicated in Appendix F.



4.0 'HARDWARE SURVEYS AND ANALYSES.'

To provide a framework for.confisiuring a lowcost system, the
following training scenario and design,goals were established:

1. Approximately 500 students per shift;, enrolled in five cburses.

2. Not more than 10% of the students usiqg tAI at any one time.' ,

3. An average of five CMI interactions per student per. shift,

.4. Not more than ten administrative personnel on- ine at any
ohe time.

Productive response times as follows:

a. less than or e'quat to 1 second average response ime for
s simple,operations.

le.ss than or equal to 3 seconds average response time for
more complex operations:.

The training scenario and design goals suggest'a probable price
range (1979) ofv$500,000 "to $600,000 for mainframe, peripherals;
terminals, and associated support hardwai.e.

Surveys of hardware were restricted to selected equipment items in
the areas of ful) size and mifitcomputer mainframes and peripherals, data
prpcessipg equipment, terminals, and related communication systems.
Equipment was evaluated as to its potential for application.in the.low-
cost system. The survey methods included reviews of literature, trips
to remote.sites to .consider classes of equipment or specific hardrare,
and visits to trade shows and seminars. The DataPro Research 'Corp.'
(1978) and other surVeys furnished preliminary reviews of equipment
qmnufaCturers' specifications on computer mainframes and peripherals,
terminals, communications*systems, and software.

CANDIbATE CPU ARCHITECTURES

The purpose of this portion of thOr study was to analyze existing
computing architectures and to identify one which would provide a post
effective approach to supporting ATC resident technical.training pro-
grams. To accomplish' the ibitial investigation tasks, current pub-
lications on existiA compUting architectures were examined. Then,
considering functional capabilities and acquisition costs, a number of
existing computer architedtures were selected as an initial set of can-
didate CPUs'for mdre detailed investigation. Data on the efficiencies
of each of the systems were analyzed to determine the &est perforiNing
CPUs. Then, the criteria of software quality and reliability, hardware
reliabilitY, and effectiveness of maintenance service were considered

esv



as additional evaivation 'factors.

Within the framework,of the training scenario, design goals, and
evaluatipn factors described above, many large-scale and super,computers
could fulfill the functio4A1 requirements. However, the CPU and Input/

output (I/0) potfer they proxiq are not necessary in tilts application,

*--e0 theicosts of4suoh mafhines are above the expected price range; Many
smaller-scale computers are priced attractively, but do not provide the

necessary power.

In evaluating tandidate architectures, millions of operations per
second (MOPS) Was used as the unit of measurement, rather thap millions

of instructions per second-(AIPS), becaus't thedMIPS rating cat be mis-

leading. Machine .1 may have a higher MIPS rate tWrmachine 2, but it
may take machine 1 more instructions to do a given athoUnt of work.

Machine 2- could actually have a MIPS rate that is less than maChine 1
and,yet accomplish an entity of work,in a shorter peHod of time.

A MOPS figure of 0,15 (150,000 operations per second) and aril/0
rate of 24.9 (24 million bits per iecond) were established.as minimyms
needed to meet the functional requirements for the low-cost system.
These figures ware arrived at in the following manner. In the current

AIS system, the hardware provides functional capabilities'that are much

in line with the training scenario pnd design goals described: On the

urrent AIS there.are, normally; approximately 500 students, approxi.:

mately 50 on-line 'terminals (including CMI terminals), and response
times gimilar to those given .previously. Therefore, the capabilities of

the current AIS system are known. The CDC 6400 (equivalent to the AIS

Cyber 73) which was selected as the benchmark system, yielded MOPS 4

0.17 and I/0 rate = 24.0. For adequate performance in ttle low-cost

.system, a MOPS figure of 0.15 and an I/0 rate of.24.0 were determined

to be' minfinums below which unacceptable degradat19n of performance would

resUlt.

After evaluating the candidate CPUs, te Digital.Equipment Corp:
(DEC) VAX 11/780 was &elected for purposes of developing a system design
and cost analysis for the low-cest CAI/CMI system. Although ths is not
the only CPU tbat will meet the functional requirements for the lowilcost

system, the VAX 11/780 stfinte's a% th'e example CPU in subsequent sections

of this study.

If the functional capabilities required of the low-cogt system were
reduced,'$some corresponding decrease in computing power ( nd 111 CPU

cost) could te realized. For example, if it were'desire o support the

same students but with terminal response times of 10 secumds.instead of

the faster times assumed as goals for the low-cost.systeu6 then a less

capable CPU could be-chosen. It should be kept in mind, bowevee; that

the mainframe represents only about 15% of the cost of the system. Re-

ducfng the computational capability of the system would reduce'the-cost,

but the responsiveness of the systeni would also be reduted. For these

2730.



reaSons, it is,more cost effective tg choose a system which will yield
the higher level of productivity at a small increase in cost. The
terminals represent about SO% of the cost of the system. Major cost
reductions can only be achieved by eliminating major areas of
capability (CAI qr CMI, for example), thereby reducing the cost for
terminals.

402 SURVEY OF INTERACTIVE TERMINALS

The capabilities required from interiactive.terminals by stiidents,
authors, instructors., and other administrative personnel were analyzed.
Admtnistrlitors need alphanumeric (text). oresentations, principally, find*
have very little need for any additional caplibilities. Preparation and
presentation of CAI lessons, and on-line preparation'of mdterials for
off-line presentation, also rely principally on alphanumeric text -

capability. However,ithere,are 9ome content areaS and special presen-
tations WhiCh will benefit from color and graphics capabilities. Ih

geheral, CAI programs require upper and tower case characters, numbers
anepunctuation from the American Standard Code for Informatitn Inter-
change (ASCII) set, and a -next- key for student Contrql over the pro-
gram. Frograms for CMI have the same requirements, plus needs fpr
additiondl function keys (-back- and at least three additional function
or cohtrol keys).

*

The attributes of some 300 alphanumeric display terminals and
graphics terminals were reviewed for similarities and for industry-wIde
standard features. The results (below) indicate constraints within
which the low-cost sYstem will have to he designed if bff-the-shelf
terminal'S are to be used% Tne relative merits of various terminals were
evaluated, and candidate terminals'are recOmmended for.use by students,
authors, and administratorqi in the low-cost'CAI/CMI system.

4.2.1 Display Format

, A format of Go characters pee line is standard for most,.
terminals. Alphanumeric terminals commonly provid# 24 or 25 lines, and
graphics terminals commonly provide 34 or 48 lines. Most terminals
prgvide as standard either 64 different displayable characters (numbers,
upper case 'alphabet, and limited punctuation), or the standard 96 char-
acter ASCII set (numbers, upper and lower case alObabet,.and extra
symbols). 'The 96 characte'rs are considered necessary for the text
requirements of the low-cost CAI/CMI system.

J,

Symbols are formed within a dot matrix on all the terminals.
Characters using higher resolution formats are generally more readable,
especially for such characters as °M" and "w." Lower-case letters are
easier to read when the descenders for the characters "g," "j,"
"q," and "y" "extend below the matrix used with capitals and numbem.

Tile low-cost graphics terminals reviewed have a picture element

k
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r(pixel) of resolution which is some fraction'of a one-character matrix.
The range of reiolution standardly availab)e rangcs from the lowest,
160 pixels horizontally by 192 pixels vertically, up to.the-highest
resolutimi, 640 horizontally by 476 vertically.

'Many programs used on the low-cost CAI/CMI system would benefit
from some accenting4nethod for pcfrtions of the programslides to serve
as separators in CMY editors or to box in accented words.fpr CAI *pro-
grams, .for ekample. , Most of the low-cost alphanumeric terminals'did.
not provide line drawing capabilities s but some provide either two
brightness levels, er the capabillity to reverse the character video
for individual fields. Words, -sentences, or phrases can be puttnto
foreground or background by usingsone of the two methods. The terminals
consic)ered as candidates for the low-cost system have at least one of
these two features available.

4

1,

All programs a're expected to sepd an X-Y soortdinate to position
the start of words-or phrases, or to-echo characters back to the.user.
Therefore, candidate terminals should have addressable cursors. 4 There
is no standai-d practitce for setttng the X-Y position. Various seqyences
are 'used to initialize the cursor setting mode, and different values t
are sent to- the terminals -in either' X first or Y first order to set the

A

coordinates. :

An adiitional requirement is that both alphanumeri.c and Ngraphics
terminals must have the ability to erase the screen on- conTnand from the
computer and from the terminal user. All termina)s reviewed'had bulk
'screen erases-0nd, most could eras?, to the erld of line or the end of the
screen from- the cursor positiOn.

4.2.2 Transmissiort Speed

A transmisSion speed of, approximately 120 characters per
second is-recommended when intermiAIng upper and lower case alphabe

and numbers. Transmtssion of ASCII codes over conntunication lineS re

quiresothe electronic formatting of the eight bit ASCII code between

a start and a storbitb To transmit 120 characters per second, at
least 1200 bits par peccind must be received at the terininal. t.All_ter-
minals considered for the low-7cost system were able to 'receive data

*in a .switch-selectable range of 110 to 9200 or mdrebits per second,

and 11 included the. 1200 bits per second rate. All the terminals
included electronics to receixe or send data usipg an RS 232C inter- .

face. to,a modem or data concentrator.

t #

C.

^

4.2.3 Other Transmission Parameters

To give the iiiMputer complete control over the characters
returned to the terMinaIttand to provide for data integrity of the
user's input to the computer, full duplex transmission should be used.

In full duplex, each clfaracter code is sent to the c mputer as soon, as
24
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a key iias been\pressed. The computer stores the single key value and
returns for displayeither thp spe code or,some other code which is
prggram controlled. For exaMple, during log on, a computer may not
rqpurn the password for display but May instead return a spectal char-

,atter. ,

Full duplex also speeds up verification .of data received bk the
computer. Half duplex transmission, not recommend0 for the low-cost
system, customarily places the keyboard character on the screen
'directly, and in parallel sends thescharatter code to the computer.
The computer does not return a character, so the user cannot ver'ify
tt'kat t(le computer has received the transmission as.it was entered at
the terminal.

Full duplex character-at-a-time mode also implies that data are
sent asynchronously, with no need"for synchronization with the network
processing unit4

4.2.4 .Keyboard

All.terminals reviewed has a standard typewriter keyboard,
with letters positioned in the stantiard QWERTY sequenFe. A special
requirement noted for tbe low-cost CAI/CKI system programs is that a
function key method'should be aVailable-to send special non-displajt
character commands to the central computer for CAI or CMI program or
editor control. Most 3f the low=cost terminals include a numeric,pad
and some provide-a number of function keys. Odost of the keyboargg'pro-
vide a control key, so that speciailunctions can be simulated by non-
displayable' control ,characters even if no function eys are available.

4.2 5 Interactive Terminal Selection

Final selection of interactiree alphanumeric terminals must
be based on specifit uset needs and applications. The described

,

'functions are considered essential in any selection for a low-cost CAI/
CMIlsystell. To configure an example low-cost system, the res.ults from
the foregoing survey were used in selecting candidate alphanumeric and

*graphics terminals verich
4
meet the functional requirements. However,

.

,these are not the only termlnals which could satisfy the requirements.
The candidate terminals -for the example low-cost system are as follow541

Alphanumeric text terminal 'for'students, instructors, an-d;
administratai-s--ADDS,Regent103 terminal-.'

Text/limpid resoletior graphics/color termidal fer students-- -
Intecolor 8001G terminal with lower case arid function keys.

High resoluti3n graphics-terminal for student use Tektronix
4025 terminal with 3192 words of graphic memory.

3



4 MANAGEMENT DEVICES

A wide ifariety of devices can serve to .accomplish the required CMI
functions. In fact, ilff keyboard input for data is suffic4nt and if
hardcopy output is no4 needed, the,student terminals can accomplish the
Via functions. The configuration of management devices which can:best
serve the needs, of a low-cost system installation will depend 611 such
factors as the follbwing:

,
1. Types of input to be handled--manual input from keyboard,

pencil-marked forms, pencil-marked cards, badges, off-Iine
response.devices, etc.

?.. Types of output required-rhardcopy output, displayat fnter-
u

. active t5rmina1, specialized displays; etc,
t

.

uantity of input and output to,be handledfnumber of students,
frequency of interaction,-amount of information handled at each
interaction, etc. .

Instructional and administrative decisionsprocedures for
registration, absence reporfiog, testing, prescribing in-
struction, managing student progress, etc..

In order to configure an example sysi:em withouekniming the char-
atteristics of the installation environment, it is assumed that
capability approximately equal to the cureent AIS management devices
'will be required. Each of the management devices in the example-system
will therefore consist of a forms reader, a line-printer, and the
electronics to,interfaCe with the computer. Howevdr, the management_
dev-icesaleeded for,a specific installation 'site should be determined by
analyzing the needs of that particular site. Considerable cost savings
might be realized.if simpler management devices are adequate for the
cm capability reOired at a site.

4.4 COMMUNICATIONS NETWORK

The conmanrcations netttork is considered to be the equipment
necessary to connect terminals tb the communications processor, This
section reviews various methods of transmitting data ketween .thost
computer and bne or more terminals at distances.up to 5 miles, the
maximum erected between buildings tor the low-cost CAI/CM1 system. It

is assumed that dedicated lines would be used Dn an Air Force base.'

Equipment now available provides fqr standard data format and
allows for transmission of such 'data over voice gradettolephone lines.
The ASCII protocol (line disctpline, control code sequence or, data .
format) has been widely axcepted by government and industry as a com-.
Itunications standard. A system using modern daca,communications
foamats and transmission media h.olds the promise of long range com-



p i.ability and expandability between CPUs and terminals.'

The communications system for the low- ost ehI/CMI system must
peovjde for.asynchronous full duplex data t ansmissien to eaCh terminal
at 1200 bits per second (estandard speed o responding to 120 char-

acters per, second) tro allow for immediate ch racter by character echo

to the terMinal display. Asynchronous opera ion describes another

factor in Aata transmission--the system can ransfer data at-the user's

random rate: Full duplex describes the commu icatipns system as having
simultaneous communications both lo and from he terminal, similar to a

-telephone conversation between two parties.

Modern approaches to data communication t volve the. use of readily

available telephone drcuits. The most pronis g options available are,

to provide one or more dedicated line pairs fr the central computer

site to the terminals. Additional line amplifi rs and correction of
phase differences are not required ,since the ov rall distance between
the central computer ane.any terminal is expecte to be under 5 miles.
Standard telephpne pairs as presently in use with the PAIS system are'
expected t be available for the low-cost CAI/CMI system. Full duplex

,operation requires a pair of two-conduc.tor telephone lines to provide

a continnous communizat;ion link,in both directions between computer and

teriifi'rtals;

The,two sections foliowing describe'line modulation techniques for
handling data between the central computer and the terminals. The .

first section divusses single modems for communicating with single
stand-aldre terminals. The second discusseS the receotly 'developed
statistical multipleAr systems which permit operation of multiple
minals on single communiciiiiinline pairs.-

4.4.1 TransVssion to Single Terminals

Wst host computer-related hardware can transmit data to
terminals at distances up to about 200 feet. However, terminals
located at greater distances should not be Oerated on lines with raw
digital data; because of signal attenuation and suscepti.bility to noise.

In order to transmit data to termfnals at longer distances; modem4pairs

are recommended. .Modems provide for conversion of the digital data
by frequency shift or phase shift keying of an audio frequency.

t Applicable types of modems include,trunk-line and short-haul types.

toth types" iirovifie the capabilities required for the low-cost CtI/CMI
system, including full duplex asynchronous modes, diagnostics, and

interconnection tb standard RS-232C electronic interfaces.

Short-haul modems generally accommodate a wide range ef trans-
mission speeds and do, therefore, contribute to a system's potentia1

for exapnsion. Speeds typically range from 1200 to 19,200 bits,per

second and are switch selectable. The price range for shnrt-haul

modems is about MO to $995 per unit. These modems can be used in



applications requiring high bit rates, such as some graphics appli-
cations, and are good for distances up to 20 miles over uncendfitioned
lines. Trunk,Iine modems are generally limited in their rangepf trans-
mission speeds. This type of modem sells in the*range of $32010 $525
each, operates at dr below 2400 bitS per second; 4s good for loilg
distances (up to several thoutand miles), but requires conditioned lines.

The follow-ing modems were investigated to determine their capa-
bilit(es for self-diagnosis in the,event of1s9stem. failure, ease and
ability in matching the unit to the telephone lines, and ease and speed
of maintenance. All of tAe listed modemsare full duplex, have asyn-
chronous operatiori and RS-232C interfacing; provide diagnostics, and
have a,minimuM speed of 120a bits per second,

Trunk Line Prodems

Madufatturer Model, No. Speed (Baud)

1 -

Timeplex '202 Up to 2000

Tele-Dynamics 7202T Up to 1800'

Syntech TT-202 Up to 1800

Novation 202 .1200/1800

Penril 1830 Up to 1800

4 4.2 TeansMiss.06 to Multiple Terminals .

Statistical multiplexers (data concentrators) are available

off-the-shelf. The units handle sampling Vase(' on active users onlY,
without wasting time segMents on idle or.inactive terminals. The

traffic demand is monitored' by a statistical algorithm and data are
moved according to demand. A pair of inexpensive statistical multi-
plexers can provide service over 2 telephone circuits to as many as 32
terminals.

Traditional error correction .e.chniques can be applied with

statisticaj multiplexing. In tht event that an error occuys in the
data format due to a disturbance in the communiqations sytem; the
statistical multiplexer will retransmit the data. The multiplexers
can irLterrogate each other t9 repeat a-message to be sure 1ie message
is tralismitted ,correctly.

The statistical multiplexer approach Utilizes a paitt of statistical
multiplexers (one at the.host computer,and the other near the terminals),

, two modems, and a pair of two-conductor telephone lines. This con-

figuration will typically handle four or more terminals.

For*the staXistical multiplexer approach,othe modem 'pair, the
coMmunicatton lines, and the multiplexer line ports are required to
operate at 9.nly one-half the bit rate of the maxim& composite terminal
speed. When one to eight 1200 bits per secon!J terminals are connected



V.

to an eight channel statisticaf multiplexer, for example, a c-hannel

speed of only 4800 bits per second (8'x 1200/2) is required. The
eighechannel statistical multiplexer system will operate in a degraded
mode while five or more terminals, are all receiiing data at the same
'instant. Short-haul modems are preferred because.of their ability to
operate at faster speeds at the _flip of a switch.

SyStem expansion up to the cariacity f the multiplexer i.nvolves
considerably less cost than adding modem pairs as in the-single terminal
system. While it may be necessary to-purchase add-on.channel cards-to.
expand,'it is not necessary to purchase modems and lines to service
another terminal. For the low-cost*system with relatively short
expected distances from a central computer to terminals, omly multi-
plexer systems for 8 or 16 terminals have been considered so that the
maximum line speed will not exceed 9600 bits per second.

6

The statistlical multiplexers and short-haul modeffis listed in the
following tables were investigated to determine their self diagnostic
capabilities, ease and speed of maintenance, and ability to eWly match
charactetistios to the telephone lines. A pair of multiplexers and a ,

pair of modems are required for q system. The first item in each list
was selected ftr the example low-cost system.

Manufacturer

Statistical Multiplexers

Model No.

Digita
Communications
Associates
Infotr'on,

Micom

Max No. of
Temi nal s

Smart/Mux 115 16

SuPermux 480 8

800 . 8

M-8 8

Short Haul Modeim

,-Manufacturer

Syntech
Tele-Dynami cs
Paradyne
Codex

34
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LDM-7296
7300
SRW192

.8200 LDSU



1\ 5.0 SOTWARE SURVEA AND*ANALYSES

5.1 SUPPORT SOFTWARE

Support softwa can be defined as el-of the software supporting

the operation of the -cost System except the instructionil (CAI and'

CMI) software.. It in ludes the operating system, file manaber, loaders,
linkers, additional compilers, assembler, and utiiijty routines.

Support softwqre for one systen is welY executable onganother

system becauselof machine dependencies. Therefore, support software is

not an area of system capability which should be evaluated in. isolation

ram the CPU. Rather, the capability of support software is one *.
criterion to be considered in seleCting a _CPU. If possible, the PU

nufacturer's support sgftware should be used9 instead of creatilig

pecial purpose software prpodifying the manufacturees'software. This

advantageous for the fpllowing reasons: g

The manufacturer is obligated to perform maintenance on the

support software thereby relieving the user of-this respon-

sibility. 0

Manufacturers often make 4iprovements to their support softwire.

As reasonable requests from the user community are received, a
manufacturer, often implements Pie enhancements; and makes the

improvementssavailable to users. If the support software is

not user-modified, new releases of software from the manu-

facturer will.not require modification, thereby saving.effort
in acquiring upgraded support software.

If the instructional software can execute without being
4avily dependent on ipecial purpose software, advantage can
be taken of advances in hardware technology and/or lowered
hardware costs by readily transferring to an attractive new
system. For example, if the execution of the instructional
software requires the services of a special purpose operating

system, then the instructional softwareli heavily dependent

n that operating system. Moreover, the instructional soft-
ate cannot be readily transferred to a new system if the

rget Machine dges not support the language in which the

o rating system is coded. On the other hand, if'the execution

en ironment provides standard interfaces to manufacturer,

sup lied operating systems, then the instructional software-

can be readily transferred,to a new system.

The supp t.software for the example CPU (the DEC VAX 11/780) was

evaluated, and appears to have all of tile capabilities required for the

low-cost tyste It is therefore used.as the support software for the

example system onfiguratton.

35
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5 2 PROGRAMMING LANGUAGE

Evaluating a programming laiiguage to determine its merit is esub-

jective process. Factors entering into the evaluation of a language

can be conflicting. For example., a language with many'available
features could be deemed powerful-and therefore "good"--or, because o
its amny featureS, the same language could be viewed as overly complex
and verbose. The main difficulty is that a language is not "good" or

"bad" in absolute terms. Previous work in programming'language eval-
'uation has shown that the merit of a programming language should be
deteemined with respect,to (a) the, application area far which it will
be used (in.thiScase, CMI and CAI applications) and (b) the computing
environment in whicti the language will appear (the hardware equipment,
the fiscal resources, and the personnel available).'

.5 1' Top Level Language Goalt

Definition of the goals for a programming language should .

begin by considering the application area and previous research into
what qualities make a language good. Then, by examining the stages of
the rogram development process with respect to the application area,
and identifying the most important objectives for a language at the
various stages, the tqp,level goals4tan be defined.

In the CAI/CMI 'application area, the stages of the program develop-
ment process are.problem specification, design, poding, debugging; and
maintainid§. In this 'cohtext, the following top lev,el rals for the
low-cost,CAI/CMI system programming language are establishedt

I. Ease of Writing CMI--Some capabilities are particufarb; 0
important in the design and coding stages of ChI program g.,
These include (a) allowing adequate record gnd file haaling
capabilities for student data,.(b) supt5lyin9 student pre-
scription and pacing constructs, and (c) providing tlass-
ification and typing of,data and execution Raths.

a.

2. Ease of Writing CAISome capabilities are particular.ly im-
portant in the design and coding stages of CAI,programming.
These include.(a) student tesponse judging arid analysis, (b)
easily created and displayed screen frames, and (c) easily
created questions and decision branching.

ReIfibilityThe reliability goal 's applicable during coding,
debugging, and maintaining. A language is reliable if it*,

facilitates writingcorrect programs. Compile time checking,

. execution timechecking, program testing features, and prd-
gram debugging features are factors contributing to this goal.

Ease of LearningEase of learning is applicable to all the'

stages of program development. It encompasses uniformity of



syntax and context consistericy. Unnecessary complexity of
syntax and semantics should be avoiderL A fairly cotillion set
of constructs.siiOuld be utilized g sup-porting as few linguistiC
concepts as possible. For example,.i = 1 is a construct that
could also be used in the iteratiyg conftruct

jd

The slanguage should not cotttain inconsistencies or context
dependencies (e.g., a language that allows Int = 1 where "int"
is of 'type integer, but dogs pot allow stng = wABCD"4there
ustng"*is of type string', is inconSisfent Th the area of
assignments).

Mainta4nabilityThe maintainability.goal s applicable in t e
debugging and maintaining stages. A loguage that supports

; maintainability provides readabilfty4, ease of sotece Statemen
change,, and.easily constructed source statements.

EfficiencyEfficiency is* relevant in' the coding; debugging
,and maintaining stages. 'Tbe efficiency of,...a langUage, can be:

easureceby comparing the code' the compiAer generates (Kith
respeact to storage and speed) to thatlyrbducea by a good
asseTbly language, programer. .

.2.2 Candidate Languages

Surveys of existing prcisgraming languages (Sammet, 1978;
Brahan,, 1973) were Used to determine the.set of languages which might
possibly meet the top level language goals. eLanguage's which could not
possibly meet the gbals (eds., those designed for structural engtn-
eering or 'Ungar ptograming) were eliminated. Also, languages whiih
might meet the gdals but were not currentlyt.;implemented on at least .0
one computer were eliminated. Languages whittit halm never beep imple-
'mented, or were once implentented but are no ltiliger supporte were con-
sidered to be too costly to make operational. The reSulting set of
candidkte languages is, listed below:

e A

ALGOL 68 A powerful, geral purpose, extensible language used to
solife a 'large number of prograntning prdbleats.

- 'A very simple Itnguage used priinarily in spiv n
problems, but with some advanced features.

A.general purpose :interactive' anguage,used for CAI
systems, and apOlication, programing.

- An Engl sh-.1 ke lappuage' used primar4 ly fo
ptocessing problemt

BAS I C

CAMIL

COBOV



CORAL766 A general purpose language used primari y for solving
algebraic problems..

COURSECIRITER - A simple language used for preparing CAI courses.
I

FORTRAN A language designed primarily fo;numerical computation but
used in, may other problem areas.

Joy AL

PASCAL-4...

PLAMT

- A Ianguage,designed primarily for numert 1 computations and
data processing. /

- A course-authoring language used in the preparation of CAI
materialt.

A general purpose proprannin p. language.

t A simp3e language for preparing CAI materials.

- A language (embedded within a system) for preparing and pre-
sentinge' on-line individual i zed, instruction,

PLfJ A general purpoSe languagp used to solve a la'rge number of
programing probleMs.

TAL - An authoring language.used to pre,sent CAI materials.

TUTOR language used for preparing computer-based educational
piaterials. ,

Miniinum Language Feature*

*Language features, were determined by examining the neces'sary
CAI/CMI functional capabilities from Appendix C and determining a set of
suggested features for accomplishing those capabillititr. Appendix
lists the CAI and CMI functions and shows the languade features to
implement each functipn. From Appendix G, iLis possible to determine
a) which language features could be elimfnated as functional capa-

-bilities are eliminated or (b) -which functional capabilities might have
o be eliminated as certain language features are eliminated. The 26

1 uage features are II'S follows.

Built-in data types of:

INTEGER - e.g. 10. 15
REAL - e.g., 1.50,6.10
LOGICAL - IRK, FALSE
STRNG - e.g., "ABCDE"
ARRAY - eg., aryW t, aryl (x)

%CORD* e.g.t, irec.x3
'CLASS e.g., class(cl c2,c3).



SET - e.g., x 6 setl
TEXT - long strings of textual data convenient for represen-

ting lange volumes of data (up to ,a sereen pagel.

Support of variable data - It is necessary to allow data to

take on many values throughont'the execution of' a program.

Many programs representing CAI/CMI functions need this cae4-.

bility. An example from,PASCAL is;

tf,

Support of constant data - It is necessary that some data

remain constant throughout execution of a program. Am examp e,

from CAM1L is:

DEiINE INTEGER x=5; X cannot be changeewithin this program.

EXplicit declftation of variables and constants It i desin.

able that variables ind constants, can be declared with n a pro-

gram prior to use. This practice is commonly accepted ai

contributyl to the creation of reliable software. An example

from PLII is:

°MARE I FrXED INTEGER.

Definition of procedures (subroutines) and functions (pro-

cedurs thai'return a value) - Capability to define proeedUres .

and functions.is needed. This allows the CA1/CM4 programs.to

be modular ind therefore reltable and 'maintainable. An example

from PASCAL.is

PROCEDURE CALC 4LNVAL:INTEGE );

BEGIN

procedure body

END. & 4,

Specificatton of vser-defi ed datayildS - It is con4;ient to
expaftdablei.-user-defined-data tYee4-for use_ .

'

througfiout,programs. This feature allows creation of differen

types of data beyond the built-in data types. An'example

from CAM is:

TYPE.PACKE6 RECORD (INTEGER.1; flUMBER ) RECTYPE.

Packing_data.wtthin records and arrays - It should Joe Po

39



to

4.

o specify'packing data withinrecords and arrays to preserve
ace., See 'feature 6 for an ea'xitnple of a packed i'ecord.

Automatic,iallocation and,1/4access 'for Indexedequential files -
It shoujd- be possible to speaify a record or,group of records
to begin reading or writing by, siipplying..4 key, for recocd
positioning. This feature is necessary for efficient manip
ulatiop of stUdent data on disk. .

Automatic allocation and access, for Direct 4ccess,files Dt-
hauld,be Oossible to position to 43 particular record by

specifyinsits lotation on disk. This feature is necessary
for efficient maintenance of student data on srisk.

10, File.sharing - It should be possible for many processes, simul-
neously actiyq oti the CPU, to access-the same disk data file.

This feiture is necessary for effiCient manipalatian of student
data on disk .

11., Record reservation It should ,be possible ror process to, 4.
lotk.out all other procetses white updating qudent retbrct-
pn disk; -This feature is neceSSary for reliable' maintenabce,
of stUdept data bn djsk.

t

IF TAN ELSE construct.- Conditional`.branchiii (ctioosin her-
nate program paths) should be poss.ible. ...An example from.PASCAL
is:

IP X,,C >Y_THEN Z=A ELSE ZB.

13. Iterative statement capitruct Loops should be -possible wit-
\in arograms using an iterative 'construct; Many of the CAI/ MI
functions mill be implemented with program loops.. An example
from FORTRAN is:

at.

DO 40 K11110

loop body

1.0 :CONTI! UE.

a

--two-conditional branch-Mg- - It is necessary .to be-able to
choose one alternate out of many to implement many of the
functions.- .An example from CAMIL is:

CASE x OF
BEGIN

y 4- 10;
2.z *- 1.5;
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Assignment statement - It must be ,possibie to,assigp values,
to variables within the language.- This feature As_ necessary
for virtually all, functions. An example from-JOVIAL is:

ag Al +s 1$.

1 . Program interrupt detection - A construct is needea to allow
for user interruption-of the normal program flow. l'This feature
is necessary for programs implementing CAI functions. An
example from CAMIL*is:

ON Fl DO
BEGIN

hint the function key interrup

END,

17. OTO tatement - An pnconditional branc6ing statement is needed-
the language. This is necessary to. transfer to specified

sections of code. kr:example from BASIC is:

GO TO 5.

Connunitation with CMI terminall The lan uage must be capable
ner directing euptit to and receiving input from CMI terminals.
Many CHI functions requim this feature.

9. Comunication with CAI Aerminals - The language must be capable
Of direcVng output to and receiving input from CAI terminals.
Many CAIsfunctione require this feature..

2b, Arithmetic operations - Ttie. functiOns- of addition, stibtraction,
multiplication, divisionexponentjation abolute value,
modulus, raidom.number generatton, sine, osite,, tangent, co-
tangent, square roots strinT*concatenitio and ,integer shift-
ing should be avdilable for ti$e inCAI 'an CMI functions. An--
example..from PASCAL is,: ;

21.

Y/2..

.

Relational operati.ons The operations of equal, not equal, less
than, greater than, less than or equal, greater tban.or equal
and set membership must be supported. CAI and CMI functions
'Use these operations. An example from CAMIL is:

IF x y THEN z 4E- 10.
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Logical operations The operations of .not, arid, or, exclusive
.or, set complement, set intersection, and set union Must be
supported, for use. in CAI and CMI functions. An example from
A1.401,48 s

IF .X 10 A Y 5 THEN Zd 4-- 25.

Interactive terminal page oriented textua] communication It
must be possible to display textual information by the -page
at an interactive terminal via the -language. CAI functions

reduiite that text be displaxed at, student terminals.

4. Termihal graphics - A basic line drawing capability which can
be utilized to construct terminal graphipcs should be resident
within the language. .CA1 functions may require this feature.

25
I

Hardcopy support It must be possible to interface with a
hardcopf printer for generating reports, program listings, and
other documents. CAI and CM1 functions requit^e this fehture.

MognetiC tape capaiaility - It is' necessary to maintain large
volutpes4.of student data on,an, inexpensive backup medium. By
using magnetic tape, .areas ofrnorB expensivie.high-speed disk
storage can be freed of student. data:

,5.2.4 Nontechnical Criteria

- While the technical merit of a language is of pinary
importance 9 certai non-..technical .criteria shodId also he considered in
,determining the cost4of*impletnpriting .the:04I/CMI functions in that
larigua ..Triee criteria are:a`s follows:

ngoagg availability dn recommended hkrdware - if a candtdate .

language is not implemented on the host computer, there is a
:7co,st associated with making the language's compiler operational

on the system.

ality pf candidate langua.ge documentation - This will have a
Bearigng orrhovt quickly the softwaecan be developed.

3 , !Iva ability of (ra4ned programers - If there are no trained
-..*progranners available for a candidate language, the cost of

implementing the software j4 thisiatnguage will be higher.

Availabi 1 i w of programs providing required CkI/CMI functional
capabi 1 i ties in candidate Tinguage - If ioftware 'to implerment
CAI/CMI functional capabilities already exists in a candidate
language, then, with respect to this criterion, the cost of
using that language will be decreased.

A



5.2.5 Language Evalaations

To assist in-evaluating candidale languages for the example
low-oost system, an epproach developed by Brosgol, Hartman, Nestor,
Roth, and Weissman (1977) can be utilized. This is an excellent
approach for forcing evaluators to think as-objectively as possible
about the subjective procdss of evalubtinq a programming language. In

this approach, a fating matrix R, an applicatfon vector Al and art inter:

-mediate vector I are used in conjunctiorrwith a language,vector for each
candidate language to'derive a technical merit score. The technical

merit score and four management evaluatioti scores for a language are
entered into a language score vector which, in cOnjunction with a
language managemedt yector, yields a final score'for each candidate
langyage. *The following paragraphs describe this approacb and suggest
suitable parameters for use in evaluattons for the low-cost system. .

Matrix R is a 26 by 6 matr4x whose rows represent the language
features (section 5.2.3) and whose columa represent the top level,
aanguage- goals (section '5.2.1). Each matrix element, Rij, is a
numeric value indicating the extent to which language feature I. con-
tributes toward accomplishing language goal j: The application vector

is a column vector of 6 entries representing the relative contributions

of the'top levil goals toward the CAI/CMIcapplication area. After deter-

mining R and A, theh R x A produces.a column vector 1 with 26 entries,
each entry representing the contribution of a language feature toward the

application area,' %

-, Each entryin the rating matrix R is a value between 0 and 10,

indicating how much language feature i contributes toward accomplishing
language goal j. The range 0 to 10,is chosenAo allow the final tech-
nical merit values to fall.in the range of 0 to 150 (the m imum

technical merit score is actually 149.54). This range c d be greater *

issfAolirderor less and still be representative of the techn it of a lan-

guage. Howeyer, 0 td 150 is a reasonable range to work with, since

technical merit values are then neither unduly large nor extremely

small. The sug§ested ratiqg matrix R,,for evaluating languages for the

low-cost system, is as follows:

4.
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4
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The application vector A is a column vector of six entries each
entry vtlue reflecting the cpntribution of a top level language goal
toward the CAI/CMI apylication area. The vector entries must sum to
1.0, and reflett the judged importance of 41 goal with respect to the
application area. Entries should avoid placing too much importance
on potentially °ye lapping goals (e.g., reliatilit learnabilit
MaTiltehabi Tay e recommen en ries or app ca ion vector a e

9

.18

.14 .

.16

.16



Since the entries in R represent the cpntributions of the language
features toward each of the top level language goals, and since the
entries in A represent the contributions of oach top leyel langtjager
goal toward the CAT/CMI application area, then R x A produces a columni
vector I with entries representing the contributions of the language
features towardthe application area. The prodpct of the reconnended
veptors, R ,x A is

44....

,1

:

4

.6 .74
7.9
402
5.16
7.38
5.38
5.66

4.04
5.06

7.72
7.88
7.86
8.04
4.44
1.46
6.00
5.96
6.58
7.1-2
6.04
5.98
3.32
4.48
4. 00

:
:

:

:

.

:

ft?

A language vector CU is then produced for.each candidate language.
The entries in the languan victor indicate the_ extent towhi.0 the
language fiatures are provided. Iiii.produci- x r will ftien p'roduce
a score indicating/the technical merit of the language with respect to
the CAI/CMI application area. These scores, ranking the technical
merits-of candidate languages with respect to the CAI/C141,- application
area, can then be used in managenfent evaluatiohs to arrive at a can- '
didate language recommendation.

The jth entry of languagt vector-CU indicates how candidate lan-
guage'i contributes toward the jth language feature. For each language
feature, the "degree of compliance" for a ca idate language must be
estimated. A suggested approach for making these estimates is as

45 /
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fol ows:

T The language totally meets the requirement,: A score of I
will be recorded in the language vector.

\

P The Unguage partially meets the rlluirement. A score of from
0.1 to 0.9 will be recorded in the language-vector according
to the degree the requirement is partitlly fulfilled.

!AP

The langaage fails to meet the requirement. A score of 0.0
will be recorded in the language vector.

It is unknown from the available documentation whpther the
requirement is satisfied orsnotli. 14 score af 0.0 will be
recorded in the language vector since poor documentation
should,be considered even if the feature is implemented bu
not documented.

After, CO is establjshed, the technical merit, TMi, of a candidate
languagp with respect to the CAI/CM! applicatiop area can be calculated:

TMi x I.

Development costs for tmplementing the CAILCMI softwa
considered. Costs can be categorized as follows:

1. Acquiring the implementation-language.

2 Training the programmirs in the given lan uage.

3. Designing the system.

4. Cod'ing the system in ttie given language.

5. 'Testing, debugging, and verifying the system.

6. Maintaining and upgrading the system

'must be

The entries in a Language Management vector, LM, reflect the con-
tributions of technical Merit and of the nontechnical criteria to lower-
ing systeM development costs. Tbe recommended LM vector is ,.

.--

Technical-merit .33
Language availability.on recommended hardware

.

: .25. :

QualitY 0 documdhtatid : .05 :
Availability of trained programmers .06 :
'Availability of instructional softwase in t e language : .31 :

:



A five-entry Language Score row vector, LS,-*hose entries are

scores ranging from 0 to 1000 is established fOr each candidate lan-

age. Each en LS describes how well a candidate language is

jud9ed to cwitribute toward the entries of LM. The first entry inLS
is the technical merit score for the langpage, translated to a 0

to 100 Scale e o her en ies in LS are determined bY examining a)

the languages imp1ennted o the candidate hardware system (for purposes

of this example.system, theTWAX 11/780), b) the available language

documents, c). the availability of trained programmers, arid d) the re-

quired CAI/CMI functional capabilities .for possible existing implemen-

tation by candidate.languages., This product LS x LM is the final score

for a. candidate language.

Clearly,-seleaing-a language for CAI/CMI'application involves a

considerable amount of 'subjectivity'. Rowever, if the foregoing pro-

cedures'are followed, the . evaluation process is made,visible, the

-numbers entered into the process are open to inspection, and the
resultstcan be,accepted or rejected on their merits. Also, the eval

uation process Cs designed to allow change to the vector values ( e

process could..eatily be automated). In, this way, opinions of di erent

individuals ,can be',cons dered ,before a final language recommend ion is

made.

In seli&bing a language for the low-cost system, the technical and

nontechnical 'merits of the candidate languages should be considered in

the context of the defined application area. -The evaluation matrix

approach just described, or another explicit technique, should be used

to reflect the weightings assignecito the technical -And nontechnical

merits of the languages under consideration. The actual selection must

consider specifio user applications, program costs, minimum language

features, etc. Any language that meets these criteria may, be selected.

At part of corifiguring.an example low-cost system, the technical

merits of the cahtlidate languages were calculated, relying in some cases .

on first-hand experience with a language and in other cases on pulilished

user literature._ The nontechnical criteria gliscussed previously were

also estimated, ending with calculations..of final scores for the can-

didate languages. After application of the matrix approach and the

parameters described above, CAMIL was selectee( for the example system

configurationk

5n
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'5 3 APPLICATIONS SOFTWARE

5 3.1 Appliations Programs Required

To implement,the CAI/CMI functions the following types of
application software will be required:

1. CMI sDftware *OMR
Is

Intirface with,the interictive terminals.

Interface with the management terminals

Val dation_hilarms...±12-at_are__submittod

Scoring of tests (on-line and off-line

Resource management.

la

Assignment seleetion.

9 Management Of students to time targets.

2, CAI software --

CAI presentatiOn program.

CAI authoring system.

Graphics editor.

* a

Editor capability'to display a d modify --

o
Course definition fi)es.

Student data files.

o
Test keys,

0

o
Resource files.

Report generation programs

9 CAI lesson evaluation report.

o
Trainirg management repdrts

/1o
Course Evaluition SummarY.
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Test I em Evaluation report.

Learni g Center' rosters.

Stude t block progress reports.

Abt'e e report..

Homework summary.

A general .data retrieval and report program.

Data base support software

o 'Ail automatic 'CM data base validation program.

A program to remove student performance data from disk and

generate the tape and disk file for the generalized data
retrieval program and for the Course Evaluation Sunnary.

° A program to remove the LAI,data from the disk and genera
the tape files for the CAI report prog

A program to remove test item data from the disk and.generate
the tapes used by the Test Item Evaluation report program.

o An-archiver tolremove CAI lessons that are not in regular
use from the on-Iine dad bast' and rec0rd then on tape.

A program to brit:1g archiVed CAL pro_grams back as they .are
needed.

o An archiver to take progEams that are pot tn regular use
from disk and recordrtheth on tape.

A 'program to bring archived programs back as they are needed.

.3.2 Selection of Applications Programs

A number of existing CBI systems were surveyed to determine
thei r capabi 1 i ti es i n the appl i cations programs area . Al 1 of the ,

extsting systems have some elements of capability that can be character-
ized as air, and most have some CAI capability. All oV-the..fuuctionaT
capabilities required for the Iow-cost system have been implemented on

one or more of the existing systems, but no single existing system in-
--corporates all of 'the .capabi 1 i ties .

A large proportion of the-CAI and CMI functional c*abilities for
the low-cost system are currently impiemented in the set of applicatians
programs for the AIS. It is possible, with ihe oddition of applications



programing, to bring the AIS, or another CBI s
required for the low--cost system, The survey of existing capabilitiesindicated that fewer programs Would have-to be added to the ,AIS soft-ware than to other existing systems. Therefore, the AIS applications
software is selected for the example system.configuration.

6.0 SYSTEM ANALYSIS

Integrating the functional requirements with the hardware/software
capabilities was approached by determining,the system requirementsdictated by the full list of functions. Then, the additional systein
requirements dictated by the candidate support software and programminglanguage were assessed.' tFinally,' the total system requirements werecompared with the capabilities oT the candidateKardware to determinethe feasibility of utilizing tht hardware with the recommended soft-
ware and languige to accomplish --trielequired CAI and CMI functions:

The CAI/Cti.1 functions and their payoff ratings were used asstarting point in determining the system requirements. An attempt wasmade to determine the costs, in terms of storage, I/0 time, CPU time,or actua) dollars, of each function. However, the functions are soheavily interrelattd that, in most cases,' it is hot possible to assigna cost to a single function. For Vxample, the. information in, asingle file may service several functions. If any one of thosefUnctions is to tie included, that fife must be included also, but thefile can then be shared by many other functions without any additionalcqst. In other words, costs are driven by groups oir functions, and in'general-, a cost win be incurred it any or all- of a group of functions
.are to be provided. Eliminating'one function from among a group doesnot usually result in decreased system coit: Therefore, in.subsequentanalyses, groups of functions are'Vii usuail unit of analysis ratherthan single functions. However, if a,single .funttion represents a
considerable imp'aet on'the system, and can be isolated, then it iStreated in that way. A list-9,f the functions, with the files required
and approximate CPU times Wieded for each, is, shown in'Appendix C.Yhese estimatds derive-from measured times anii known file requirementsin the curremt.AI4, The detai?ed requirements a.re summed,and used as
a basip for sizjpg/fhp_systent_lardwarev____ -

C.1-- DISK SPACE

Rdquired disk space can be estimated from.a knowledge of the files
requtred the required record structures, and the number of recorftt needed. Experience on the AIS and the structures of the AIS courseS
were used as models in estimating storage space requirements. Para-
meters ,used were number of courses, number of students per course, and
numbers of blocks and lessons per course. Information,on the config-uration of specific target courses was not available. Therefore, some
assisuptions consistent with possible application sites in Air Force
resident tethnical training were made:



Five course,s lemented,on the vstem.

.0ne hundred, students per course per shift (50

I/PI at any, 99e, 'Omeh'

studenU on

Five btscIts of instruction per course,
. k

Sixty lessons. per"block.

crie sulipirameters within these main,Madings were also assumed,

based dn current practice: 's

1. Two shifts. of oPeration.

,Students are assigned into ieaSng centerio
each-center-; _

Three covrsp,versi6ni
jiwlemented.

ith 25 Audenis

(thredouts,,for example) per-course are

Five categortes were used in estimating disk space requirements:

Active programs.

,

'Recent Data File (RDF) the pn-liniret 104 of the most reent

student Completions of the blocks an&cpuffts.

Support for the compiler, operating system, file man

system, and the.neoessary s4PPort softsart.

The number of active programs, assuming &lower software mainten-

ance,load' than on tile current AIS, was estimated to be approxikately
'60% of .current AIS usage, -for a 'total ,!3f 30.milliori bytes (1.1 bits, per-

Disk -requirements for t le CAI 'programs Were estimated" using the

*current AIS structure as a oasis, but with a 5% safety margin: Th4s

total then is' 30 mil i,ion uytes.

The CT requirements were also estimated from the AIS basis, but
with a safety margin, of 50% .(CMI- requtreme.nts scan be predicted with

griater accuracy).. The CMI i.equirement is 30 illion bytes.

Tne Recent -Data File requirement depends Lkpon how inany student

records the user actiVity wili'maintain An-estimated 22

million bytes will be required In order to maiktain, on-line, the



4
I.

records of the most recent 200 studentS to complete4each of the coursesand each of the bTocks assumed for the low-cost system..
11.

Support for 'the compiler, the operating system, the file maioagementtystem, d the necessary support software will require 67 million bytesof disk storage. This includes a 50% allowance for expansion, should itbe desirable to expand, the system software cipabilities to provide "niceto have" features iR additibn to thy _neces5ary features..

in summary, the total requirement. for disk space for the low-postsystem, assuming 200 students ing the RDFs is 179 million bytes ofstorage.

612 TERMINALS

Tht assumptions that there will be 500"students lin the systeis atany one time, and that 10% of the..instruction will be CAI, lead to arequirement for 50 student interoctive terminals.. A reasonable mix forthese is assumed to'be 40,alpharthameric terminals,--7 low resolutiongraphics/color terminals, and 3.high resolution graphics terminals.Nineadditional alphanumeric terminals Sre Assumed to be re9Uired for*administrative use., .s *,

.The CMI funItiont can be accomplished Vith a mix of on-line antioff-line management terininal, devices, but the retidirements swill dependon specific user applications.' To input off-line, tests,.andiproVide.printed feeziback/prescription after each such*input, a lnw-;ost 'printerusing inexpensive tele-type plper is recommended, in conjunction with a`forms reader, CRT, or other peripherals. Five such management, t riainalsi es will be reyired to manage 500 students per shift.,
, .

.. In summary, the following bil terminals would' be incorporated in a"typical".configuration of the low-sost system\ for resident technicaltraliting:
6

1. Forty interactive a1pha&mer1c terr,iinals for student use.0

Seven low resolution grapliticsfeolo t.rminals for student use.

. Three 'high retolution;,, graptii Cs terminal s qoy ' 'student use.

Nine interactive alphanumerit terminals for admini.Arative,'use.

.5. Five management terminal sites.

Meniory requirepents are driven by suchapects of the system as1. characteristics of- the operating system, number of terminals, compuler
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.,aichitecture, !and .language. The CAT/CMT functions are significatt
a torsi because tal,they'determihe:the requirements for termihals
e 'types of presentations necessitated,by, the'functions affect the

t of memory necessar and (c) there win 'be many processes,
presenting the applicat on programs which implement the-functions

operating concurrently on the 's tern. In line Withsthe design goals

and assumptions, there will be 64 users on the system at maximum load

users at 50 CAI .terminals, na merit tternfinaVsites, and 9 admin.=

istrative terminals). Thereftre, t ere will 'be a maxiMum of 64

application processes oh the syst concurrently. AIS experience has
shown that processes similar .to' e representing the application pro-
grams implementing the recommended CAI/CMI functions .1411 run with
adequate but not extravagant effic i.e.% 'producing the desired

, -.response times) when 29,00 to 30,000 bytes of central memory are
allocated to each.process. .Therefore,:the centval memory requirement

due to the CAI/CMI functions is lA million bytes.
,

Support for the compiler, the operating system, the file manage-
ment sYstem, and the necessary support software requires 100,000 bytes
."of central memory.-. Much of the operating system will continuously be
in central memory, but the compiler, file management and support soft-
ware will be loaded only as fequired.

The total central memory requirement due to the CAI/CMI functions

and to*software support is 2 million bytes.

The recomended functions (Appendix C) were reviewed, within the

framework of AIS experience, as to the signal input and output require-

, ments for the various types of transactions, and the approximate page

lengths to be displayed. Integrating the.results indicates that a data

rate of 1200 bits yer second will tie sufficitmt for most terminal di's-

plays. Complicated'graphics displays, depending on the instructional

requirements and on the terminal capabilities4 could'require a higher

rate. Therefore,* an option for higher speeds is a faopr for consider-

dtion in' the design of the system.

6.5 TAPE DRIVE REQUIREMENTS

The. number"of tape driVes requirN is,'determihed by two types of

usage: main shift avid off-shift usage. Main shift usage will consisa

of requests for data submitted by course personnel, requests to restore

archived' lessons-, and requests ,tp restore archived programs. The re-

quests for data will include course evaluatiob summaries, test item

evaluation reports, CAI reports., and special retrieval requests. Most

of these data will be on tape. It is possible to meet this requirement

with one tape drive, but a tabe drive is required for each process that

is running. . wo drives will allow two requests to be run at Ithe same

time..
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The off-shift requirementsinclude batch jobs submitted by the on-shift personnel and periodic jobs to maintain the CAI, CM, and programdatimbases. The periodic jobs will include the following:

Remove the CMI summary data from disk and'merge with the
history tapes.

Remove the CAI summary data from disicand merge with the4history tapes.

Remove the test item data,from disk and merge with the history
tapes.

Archive CO lessims that have not been used within a designated
retention period.

Archive computer programs that have not been used withip a
designated retention period.

Althpugh requirements could be met with one ta e.drivel th;re.would
be severe penalties. These include:

.a

,

Only one report from-tape could be run at a time.

A scratch area on ,a disk will be required to store dat
merges.

Computer operators wiLl
unloading of tapes from

If one drive breaks, no

during

have'substan ially more loading and
drives.

tape work can be done.

With two drixes,4wo reports can be processed at the same time.
The alq is normally faster than one tape arive and can process data from
one drive while reading data fro% the other drive. Yhe system would .

also be able to go tape to memory to tape,,with two tape drives. With
one tape drive, the process is tape to memory to disk to memory to ;tape--which is substantially slower. Therefore, two tape drives are
recommended-for the low-cost CAI/CMI system.I.

6 6 OUIDOPY PRINTOUT REQUIREMENTS

The reports required for the filie courses assumed to be implemented
on the low-cost system can be tiandled easily, on an off-shift basis, bY
a medium speed,line,printer. At 600 lines per minute, prodUction will
be approximately 600 pages of printout per hour. This is &fie th,an
adequate to suppor1 .1n4ermationxetrieval and analysis requests. There-
fore, a line printer capable of About 600 lines per minut* is
recommended.



0 CONFIGUMTION OF AN EXAMM4SYSTEM

Thee preceding sections establish the hardware, software, and
functional .requirements for the low-cost.system, -and designate candidate
hardware 'and software items for a low-cost system. The-following park.
araphs_configure_ao example system capable of meeting the requiremen.ts-
and design goals as previously described.

MAINFRAME AND PERIPHERALS

S.

The example CPU, the DEC VAX 11/780, is capable of adeqUately but .

not extravagantly fulfilling the _requirements for the low-Cost CAI/CMI
System. The example system will include mainframi'and peripherals as
fol lows :

Cost Monthly
Mentenance

One qandard
VAX now package,
wi th*:

1. 512K bytes of meiiiory.
-2'. One REPO6 176 million

byte disk drive with
MASSBUS adapter.
One TEE16 45 inch/second
tape traniport with .
MASSBUS adapter.
One OZ11-A asynchronous

caw.

multipiexer for 8 lines.
One 1A36 DENriter II
console. . 185 0 0 $827

S.

Additional equipment to
meet hardwal.e requirements:

1. One MS780013 512K
byte mtmOry expansion. ,20000 110

One MS780E:IC 1,024K
byte memory expansion. 35,000 220
One. REM03-AA 67 million
byte *dist( unit

with HASS8US adapter. ,0 0 1-70

One.1116-AE 45 inch/
second tape transport. )1,290.

One 011-DA 96 charactr
600 line/minute printer. 25,700 185
)Dne 1)711-8 asynchronous
multiplexer for 8 lines. 1,800 21



Three DZ11-E asynchronous
multiplexers for 16 lines'

. at 53,860. 4

8. One H9602-OF MIMS
options cabine,.

Total s

7.2 TERMINALSt.

-The ?typical" system configuration (section 6.1.2) includes 9
administrative terminals, 40 alphanumeric text terminals, 7 low
resolution graptlics/color. terminals 9 3 high..resolution graphics
terminals, -and 5 management terminal sites. If the administrative
terntinals are the same as the student ,text terminal s.(4.feature that is
recommended to facilitate substitutions in case of* faillIre), terminal
requirements become (a) 49 alphanumeric terminals, (b) 7 limited
graphicslcolor terminals, (c) 3 high resolution graphics. terminals 9

and (d) .5 management terminal sites.

ost.

*

Mogthly
Maintenance

1 550 $ ?5

2 300 none

$311,.649 . sua

From section 4.2.5, the example alphanume.ric text terminal is the
ADDS Regent 100 with furictipn key option: The example low resolution
graphics/color terminal ris the Intecolor 8001G with lower case and
function keys. The example high resolution graphics terminal is the
Tektronix 4025 with 8192 words of graphics memory. The costs tor stu-
dent and administrative terminals for the "typical0 configuration are:'

49 ADDS Regent 100 at $1100 = $53,900

7 Intecolor 8001G at 2700 = -$18 900

3* fektronix 4025 at $4495 $13,485

$86,285

For purposes of configuring an example systetn, it is assumed that
each of the five management terminal sites will consist of an OPSCAN 17
optical forms reader, a Teletype Model 40 -ROP printer, a Digital Equip-
ment Corporation LSI-11 mini-c2mputer with peripheral cards, and various
displays, push buttons, and specially designed circuitry. Each such
terminal will cost approximately $26,000. Total c'ost for the five
management terminal sites will be:

5 Special Management TerminaTh at $26 000 = $130 000.



7.3 COMMUNICATION SYSTEM

A 64Lport syAtem for 59 student and administrative terminals and
five management terminal sites is required for the example system. It
is assumed that four buildings (mork.areas) will be used in the operx

ational low-cost system, with the computer and some classroom space

in-one of the buildings. To provide oommunicationsato the three reMote
buildings, three statistical multiplexer systems, each handling 16
erenals * will be used. The computer building it assuMed to have 16

terminals connected directly to the network procesiing equipMent of the

computer.
9

The configuration to each of the repote,buildings will includi a
pair of 16-channel statistical multiplex* (one at the host computer
and one in the remote building connected to the terminals), a pair -of
short-haul modems (one at each multiplexer) operating at 9600 biti per
second, and two twisted pair telephone lines. The entire connunications
confcguration will then consist of six statistical multiplexers, six
Short-haul modems, and six pairs of Government furnished, twisted pair,
dedicated telephone lines. Using the Digital Communications Associates
(DCA) Smart/Mux 115 stetistical multiplexers and the Snyteth LDM-7296'
short-haul.modems (section 4.4.2), the cost of pie example comunicati9n
system Is:

6 DCA Smart/Mux 115 at $4300 = $25,800 .
.6 Syntech LDM-7296 at 690 = $ 4,140

$29 940

7.4 LIFE CYCLE COSTS

The initial cost of,the hardware represents only part of the total
cost. SoMe changes in the faalities, organization, and courseware 'Will
'add to thQinitial cost._ During the lifetime of thevsystem, costs will
be incumet for maintinarice and support, materials-and_ supplieS, energy
used, and initial, as well as some coritinuing, trai.ning for peisonnel
using the system.

Eight years is used as the total life of the systim. Costs for
hardware and software ,maintenance and support are estimated and
escalated for those 8 years. Some costs could net be established
because of lack of required information. For-example, coasewart costs'
-cannot be-es-tabl'ished unless detailed information about_the target
courses is known. Alto, costs per woi* hour cannot be established with-
out details of the iriternal costs of the organizatipn furnishing the
manpovier. In these cases, then, a, work hour estimate without dollar
costs was established.

The following paragraphs indicate how the calculations were carried
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`out, and show estimates in work
appropriate, quantity discounts
savings from original equipment
might be effected on all equi

hour6 for the Identified tasks. Where
(over 10 units) are included. However
manufacturer (OEM) agreements, which
nt, are not included:

7 4.1 Mainframe and. Peripheral Hardware

Initial casts of the computer mafnframe and peripherals (not
including terminals and CoMmunicatioA eqpipment) are listed below.
Maintenance costs for'successive years 60 calculated by incrqasing each
previous 'Year's cost by 6%, the percentage of inCrease projected by
Digital Equipment Corporation for salary and spare parts increases.

Initial

Year 1
Year 2
Year 3
Year 4
Year 5
Year 6
Year 7
Year 8

Cbst (Sectfon 7.1 abo4)
maintenance cost
maintenance cost
maintenance cost
maintenance cost
maintenance cost
maintenance cost
maintenance cost
mainteitnce cost

7.4.2 Software DoveloAnt

$319,640
20,016
21;216
22,489 ,
23,839

I 25,269
26,785
28,392
30,095

Total 8 year cost ,$517,141

The two mein areas of software development for the low-cost
system are the transportability of the AIS developed software and the
odditionaI apOlications pilograms necessary to meet the functional ,

requirements of the low-cost system. The transportibility'of the AI6
CAM software is presently .being carried out by the McDonnell Douglas
Astronauti.cs'Company. The additional applications software is estimated
to represent three work,years of effort. 'Thiiligure includes all

. functions recommended for.the Tow-cost system (Appendix C) and not.pro-
vided by curv'ent AIS applications software, except interfacing with
other Air Force management systems.

7.4.3 Software Maintenance

For purposes of estimating the cost of mentafting the soft-
.

re of the example system, one fu:11 time application programmer and one
ull time system programmer ore included. The maintenance will' ihclude

minor improvements to the software as well as corrections to faulty
it software ('dueto' programming errors in the initial software).

- Should expansion of the .recommended system occur at one Air Force
base, the two software maintenance personnel described in the preceding
paragraph could maintain four systems.' Because the additional systems

4



,Att'

are dupli ates. of-the Initial system, .thanges or corrections made to

one cah ettsily be applied to the remaining systems.

of-'the initial system should be iMplemented at'
vario0s bases, a4ditiOnal software MaintenanCe personnel7 would,'be re
quire& Two mainienance personnel, would be netesSarY at the initial
base, as 'lescribed .

abOve,,witk ire additional applicatiOn progranimer at-
each additional base to implement thte modifications determined by the-.
personnel rat the initial base.

4.4. OperationS

When hundreds of students and instructors enter data into a
computer, "foul-ups" are inevitable. This, plus software and hardware
failures, establishes a need for monitoring. AIS experience confirms

e,need for monitors to be located-in the classrooms near the termina
areas and in the computer room.

One person with a thorough knowledge of the operation of the
computer system, stationed newt the terminals, can greatly improve the
operation of the system and save-on instructor hours. This person-

-should be availablt-dt the terminal for correcting minor student/
.computer interface problems.' This . frees the instructor to handle the

student's instructional problems. This person also is responsible for
eping the terminals 1n working order, and for calling maintenance

w t)oany of the pore difficult operational problems. The number of

per ns required for this task depencks on the locations of the
terminals. If several management terminals are located near each other, 9

one person oanshandle problet several tOminals. As physical
sepa.ration grows, additional people are needed. This report assumes
that the user group will furnish these personnel and that they will be
trained as needed (section 7.4.10).

Computer operators are needed at central site to loa 4 tapes,

answer Maintenance calls, keep records, and generally monitor computer
operations. Since this/system is a production system, it is expected
that operator intervention will be minimal. Limiting batch jobs and
other tasks that require operator intervention to specified times of
day- further minimizes the nanpower requirement. The effort per system
tan be minimized if the mainframes for several low-cost systems are
located near each other. For.cost estimation purposes,.pne. operator per

-system per-shift and one additional backup perator are included.

7.4.5 Terminal and Communication Equipment

The termi nal s and. communications equipment requi rel for a

typical' low-cost .CAI/CMI system configuration are as follows isoare

parts requirements are listed in section 7.446)



49.ADDS Regent 100 at $ 1100.= $ 53,900
7 Intecolor 8001G. at $, 2700 = $ 18,900
3 Tektronix 4025 at $ 4495 = $ 13,485
6 DCA Smart/Mux 115 at. $ 4300 = $ 25,800
6 Syntech -LDMr7296 t $ 690 = $. 4,140
5 Management- Terminals at $26000 = $130 000

Total Purchase Price $246,225
r,

7.4 r nal and tommun cation Equipment Maintenance

Becausee of thb proliferatiqn of equipment from different
vendors, it is not practical to procure maintenance contracts from ea
'individual vendor. Most manufacturers requireethat malfunctioning'
equipment be delivered to their own service centers. The manufacturer-

..service approach generally mieans

-

1. High cu_sX per pnit.maintenancecontracts (usual y 3/4%,to 1%
of- purc.hase price per month).

2. Shipping or travel time delays.

3. A, reqpirement for illany complete unit spares.

The recomOended maintenance approach is to provide an on-site
repair Capabiyity for nontmainframe equipment. The primary duty of
these persontlel .is to maintain individual CRT terminals, communica
equipment,4hd management terminal peripheral equipment (such as the
forms read , controll,er, and printer) by troubleshooting the equipment
ani replacing malfunctioning printed circuit boards or individual com-
ponents. iSeconeary duties include accepting trouble calls- from class-
rooms*, an8 ilbcating and replacing malfunctioning equipmeht. For cost
estimation purposeS, 4 work years per year are included for theSe .tasks.

\\

. Using the on-site maintenance personnel approach, a supply of
spare parts is needed for CRT terminals, communication equipment, and
managémet terminal component equioment such as mark readers, con-161
trolleri, and printers. To corver spare parts for ail equipment exceOt
the printers, a spare parts budget of-7% of purchase price per year is
called for: AIS experience indicates that the heavily used mechanical
rinters require a 25% per year budget, sinCe the entire printer must

-be replaced approximately every 4 years.

ment except management terminal p r

Using a rnIg
inframe equip
of 7% of purchase price per year for a spare par s

budget for no
Which'are figured at a 5% annual budget, the first jear costs are as
follows:
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49 ADDS Regent ioo at $ 77

7 intecolor 4001G at 4$

3 Tektronix 4025 at $ 315

6 DCA Smart/flux 115. at $ 301

6 Syntech I.Dt4-7296 at $
5 ,14a agem. -ent Terminals-
Non-printer equjpment ot $1540,
Printers (25% rate ) at -$10

$ 3.711

945-1,06

288

$ 7,700 I
5,000

First Year Spare Parts Cost
of.Non-fiainframe Peripherals $20,835

Using an Appreciation rate of 7.5% per year for the increase in

cost of replacement parts, the spare parts budget for the first 8 yea s

woul d be as follows:

For year 19 the spatle parts cgSt is $20,835

For year 2, the spare parts cost izs $22,398

For year 39' the spare parts cost is 12411/4,978

For year 49 the spare parts cost is $26,676

For yea'''. 5, the spare parts cost is $28,677

For year 6, the spare parts cost is $30,828

For year 79-the spare parts cost is $33,140

For year 89 the spare parts cost is $35,625

Total spare partsipreciated CGS s $222 257

7.4.7 Facility Requ rementst,

Installing a computerized trainIng system in a resident

_technical /raining environment sometimes necessitates facility changes.

The changes that are necessary depen6, of course-on the existing

'Ohysical plant, computer locitiOn, amounk of mediated material, and many

otherjactors. .Without known parameters9.it can only be stapd here

that the ideal%situation is large learniing centers located close to the

management terininals and as close as.possible to thecomputer room.

The size of computer ..*oom needed,for this installaiion is approximately

350 square feet. Thee computer room muit be ai-r conditioned to maintain

aPProximately 70 degrees F *With a 48,003 BTU per hour load.

-7;48 -Energ Requirements.
4

The energy requirementt for the system consist of the eftct

electrical consumption for mainframe* Peripherals, and terminals, and

the air conditioning for the computer room The total direct electrical

power regOirement is 29 KWH per operitthg hovr. The air cOnditionin9

requirement is for ,48,000 BTU per hour.
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7.4 9 Courseware Development

Introducing'a, CBI system into an on-going course of instrucv
tion will, almost'always, entail costs for changing courseware. -Theie
changes will vary greatly depending on'the existing environment. For
example, an extremely important.factor i$ whether dIcatirse is'currently
self-paced. Without definition of target courses, these costs have not
been estimated.

.4.10 Training or I.

The success of any system is largely dependentupon the*
sophisticatior of its users. To this end, training costs shouTU be in-
cluded i4n the life cycle costs. Experience.with the operation of the
'AB has identified .several categories of training thii are highly .

recommended. The,levels of training end the estimated hours of.instruc--"'
tion are as follows:

1. The Deputy Commander for Training (TTC/TT) and subordinate
divisions, e.g., the Plans and Requirements Division (TTCX),
constitute the upper level of local .tr4initig administration
ano manageTent. Training at this level should consist of a .

system overvievi-and will\require approximately 6 instrOctional
hours. Technical Training Group Commanders and personnel of
their Resource Management Sections (TTCC) shoulq alto receive
training at least equal to that provided TTC/TT.

BranchThiefs and course supervisors are,the next level of
training management and-shOuld rece04 a more mplete pre-.
sentation of the aspects of the system. This level will require

4 approximately 60 instructional hours,

Curricula and Instruction and MeasureMent personnel should
rdceive traiding in.the evaluation aspects of the system. This
training will require approximately 120 instructional hours.

.Instructor supervisors and instructors should be trained in
the operational aspects of the system. The instructor super-
visors should receivie approximately 9 instructional hours, and
the instructors should receive oproximately BO hours of '

instruction.

Course Dato Base Manager and Student Control personnel should
receive instruction on meniptqating the course data base to fit
course organization and neeos. The data manager will be
expected to make all.data base changes and should receive 120
hours of training. The student control person will work
directly in the day-to-day,operations with the students and
should receive 18 hours of .training.
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Schopl Dsta Base Management personneYshould receive more
global training,'becoming familiar Oth allAiourses and pro-
viding leadership-and services tn-such areaTas strategies,
student management, documentation training; and course
liajson This training should be apprqxinately 400 hours.

7.4.11 Suppl i es
.

'The necessary consuMable supplies used mainly- with the

management terminals and off-linetesting, are: (a) ,central siteprinter

paper, (b, managedent terminal printer paper, (c) student test forms,
-and (d) miscellaneous supplies, such as printer.ribbons, computer tapes,

disk packs, tools, and cleaning supplies. Estimates of these costs are

based upon current experience with AIS in.usage per on-line studenti
The number of students on-line is assumed to be 500 per shift with two

shifts. The estimated costs of these supplies are based on the following

assumptions:

1. Test form usage is estimated based on the assumption of five

transactions/student/shift. Total forms usage is then calcu-

lated by assuming 250 training day,s per year,'with 30% waste

and failure. Total yearly cost: $19,500.

Management terminal printer paper costs are estimated by using

the five transactions shift filwre. The yearly cost: $6,500.

Central site printer.' papr usage is estimated by assuming-that

a production system will mot have software development. Usage

will include CMI reports, CAI authoring and eValuation, course
materials development, and other administrative and evaluation

usage. Usage is estimated at '..10% 17.f current AIS usage. Total

yearly cost: $6,000.

4. Magnetic tapes and disk packs will be needed at the cent0,1

site for data storage ano backup. It is estimated that $500 per

year will be required for tapes. Four extra disk packs should

be purcnased the first year and an average of cne per year

thereafter. Taese costs,are detailed below.

1st year = $2,7u0
2nd through 8th year = $675er year

Miscellaneous supplies include needs for day-to-day oterations
such as tools, bench stock, cleaning materials, print ribbons,

etc. The estimated yearly miscellaneus supply cost: 1$1,500.

The summary of supply costs, escalatea at 7.5% per year, is shown

below.
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atr.:11,

ist Year $36,200
'2,14.=year
3rd year $41,8
4th year' $44i91:0
.50 year,,f48-43,
6th year f.$514967'
7th year $55,864-
8tWyear $601053
TOTAL for'? years Is $378. 144:

7..4.12 Cost Summary

Paragraph/Ti tie
4110.0.imagrabaap.aaaraal

7.4.1
7.4.2
7.4.3
7.4.4
7.4.5

7.4.6

total
Year

Cost For
One System

Mainframe' & Peripheral Ha rdwa
Software DeveloPment
Software Maintenance
Oper4tions
Terminal Et Cornmunication
Equi pment
Terminal' & Comunication
Maintenance .

7.4 7 Facility Requir:ements
°for Computer Room

7.4.Er Energy Requirements,
two shift operation

7.4.9 Coure Development
7.4.10 Training
7.4.11 Supplies

SYSTEM LIFE CYCLE COSTS:
Hardware A Suppl ies
Manpower

e $517,741
3 MY
16 MY*
16 MY*

1* Additional systems,, if co-locate
personnel.

$246,225

$222,257
32 MY
350 sq. ft.

928 !NH
1536 MBTU
Unknown
Unknown**
.$378,144

$1,364,367

,

#1,

Recurring
Costs,
Per Yea:r

2 MY*
2 MY*

27 782

116 MWH.
102 118TO,

"'71'

$47 268.

$75,050
67 MY 8 MY

with a first system, could pare

** Required hours will depend op personnel turnover rates.

8.0 CONCLUSIONS

nents of a dedicated local system will includeThe principal cot

Compqter and peripheral s .
Student and administrati ve termi phanumerics , graphics/



color, and high respkitichn graphics.
Management deviges--forms reader, printer, .apd controlle

'Communications network.
o Software.

An operationally configured dedicated local systemo, to support 500
students 'per hift on CM! and CAI in resident teChnical train1n, can be5
acquired, for approximately. $500,000 1979).

*
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I. STUDENT TESTING ANDtVALUATION - Using the computer to assist the

instructor in evalUatin, the student. The tests which are read and

scored.by the computer an include, for example, aptitude tests, lesson

or block tests, perfor nce checks,:attitude measures,
nil

'or biographical

,information. Questio could be true-falsel multiple choice, or con-
structed response (siole words, or phrases, or sentences). Students

receive quick feedbadk, instructors don't have to score tests or
retord grades, and al) test results are readily available for reports

br evaluations.

'APPEND/X A

LISTING F CAI/CMI FUNCTIONS FOR SURVEY

A. Jest Scoring and Feedback Capabilities - The computer sy4em
can seore those tests for which test keys have been previously

input. The results from evh test can be printed out for the

itudent and inAructor. Questions are true-false or multiOle

choice.
WING:

Amswers are scored right or wrong, and a designated penpent .

correct is required to pass the test: RATING:

Tetal score on the test is corrected for guessing,'
RATING:;

Some :questions .can be weighted

4. :A designated percentage
passed in order to riass

objectives.

ore heavily than others.
RATING:

of4a set of objectives must be
the test for example 3 out of 5

.RATING4 4111.1

A specific.objectfve or objectives must be passed in order

to pass the test. RATING:

i

A specific question must be passed in order to* pass the

objecttve (or the test). RATING

Performance checklists, As completed by the instructor, can

be scored by the computer. IS- RATING:

1=IiIMMIMI

An instructor can bypass' a test by "certifyingv that the

student knows the material. RATIRG

Adtiitional On-Line Tetfilg Capabilities Students can be tested

bn-lfne at a computer.terminal. The order of questions and the

sequence of alternate answers for each question can be scrambled

automatically for each test administration. On retesting after

P4r)

e
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an initial failure, reteSt can be on only the failed Objectives.
Questions can be true-false, multiple choice, or constnucted
responte (English woeds). The amount of testing.can be depen-
dent on the studen 's earlier performance in the cOurse or on
this tgst. 11ATING

Alandoin presenta n, 'order fbr questions.

Random presentation order of alternative
answers.

Retesting is only over failed objectives. RATING:

RATING:

Qt4stions can requirevrconstructed res'ponse
(English) answers. RATING:

5. Amount of testing depends on performance on
earlier questions in this test RATING:

Amunt of testing depends on performance'
earlier in the course. RAT.INGr.

..

C. Determination of. Pre-Course Student Characteristics - Provides
for use of gtudent-data collected before or at the beginning of
training. Uses catilibclude, for example, examining eliminations
as a function of aptitude and years of school or pred4ction of how
fast a student will complete the course. RATING:,

4 *

Computer storageand retrieval of relevant Air Force
personnel data - for example,-ASI/AB or AFQT scores,
or biographiCal data such as previous schooliing.

RATING:

Storfge and Retrieval of Student's Prior Knowledge
of Course, Block, or Lesson Objectives ,l'-..scores on
criterion-referenc.'ed pretests or. other Measures of
training objectives. ' ' .

.
RATING:

.. . g
'3. Sto'rage and 14etrieval of Student's Leaiming Process Skills r

for example, any ability, attitude.or interest type measures
such as reading comprehension, study habits, etc.
4

RATING:

4, Storage and! Retrieval ofiStudent's Course-Specific Critical
Entry Skills - for example, aptitudes, abilities and inter-
ests that are specifIcally related to.success in a par-
ticular training specialty, such as mathematial ability
or interestip the career field. RATING:'



D. Determination of Within-CourseStudent Attitudes and Interests
Provi es or use.Of attitu e of interest ata co ectes n t e

'course of training. Uses could include evaluation of Instruc-.
tional materials or prilcedures, prediction of completion ttmes
or rates of:Progress, and prediction of field performance.

RATING;

Storage and RetrteVal of'Student's Pre- and 'Post-Course.
Attitudes, - for example, student's attitudes toward
training, materials, or Methods. RATING: .

0 A
*

Storage and,Retrieval'of-Changes in Interests-or Attitutdes'

During Training - for example, periodic questionnaires to
assess.interests in the training itself, or the media.

RATING":

II, STUDENT ASSIGNMENT 'PON SELF-PACED COURSES) --Use.of the computer tb
assign trainees to lessons,.tests, or other instructiona) alternatiVes.
The aggignments can be based on comiderations of lesson content,,avail-
able resources, student characteristics, or student performancetslata.
Students receiye thein next aksignment immediately after completing
their preceding lesson, and training resources are scheduled for
optimal usage.

A. Assignment to Alternative Course Versions:- Cdurse versions
400 differ,as to content (perhaps for different Oredouts of
a speCialty-,, ur to test and implement riw,training materials)

can be established. A student.enrolTed in a particular course

versioi will be assigned only the materials for that version.
RATING:

DeterminaAion of the *Order of Assignments - The compuW,takes
Into account various classes.of information in determininq what
to"assign next to a trainee. The information considered can
include, far example, work the traipee has completed to date,
the trainee's ratelyf'erogress to date, availability of instruc-
tional reaurces, and requiremerts, to assemble a teamrof
trainees foi-, a trainifig task, e RATING:

1 Trder of assignments based co lessons completed to date.

Order of assignme ts based on
scares' on earlier lessont..

3. Order of assignmen s based on

Order of 'asSignments based on

a team of trainees for a team

RATING: ,

perforhance (time and
RATING:

availability of resources.
RATING:

considerations of assembling

task. RATING:



.

Order of assignments determined by allowing instrustor.to
pick from.available lessons.

Assipment to Alternate Lessons
ment to.available aftehate me

RATING:

Provides for student asSign-
i (e.g, printed vs. audio-

visual media) Walternate versions e.g., easy versus difficult)
RATING:

Basel 'on Instructor .Selection - instructors Select alter-
nates based on their assessment df the student's needs.

RATING:

Bpsed on Splent Selection --rtillents
available alternate media or lessons,
they7Orefer.

Based on Resource Availability
seleetfon of apartlicular media
availability.

11.

select, from lists of
the particular one(s)

RATING:

computer program makes ,the
r lesson on the basis of

RATING:

Based on Within1Course Student Performance computer pro-

gram selects a partictilar media or lesson'on the basis of
ttle student's prior test scores, times-to-complete, or
within-course motivatton/interest.

RATING:

Based on Pre-Course Student Char*acte s *cs - computer pro-
gram se ects a part cu ar me ia or won on the basis of

.the student's general aptitudes, abilities, attitudes,
interests or other pre-course data. RATING:

CoMputer SeTections Based on Logical Rules - simple
"if..then" Iogicaj rules are used in the selection of media
er lessons. ` RATING:

Computer Selections Based on Performance Predictions -
student characteristics and performance are used to predict*
which media or lesson isibest for a given student.

RATING:

Assignwent to Alternative Remediation Activities - Providts for
assignments to avaflable alternate remediation materials and
media (e.g., CAI reviews, instructor tutorials, etc.).

. RATING:

Lessons - the computer assigns each student to the best
available temediation alternative for second and subsequent
attempts ti.) master lesson objectives. RATJNGi ,
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Lesson Grou s the 'comOuter assigns the best available
reidiatjon a ternatiyes to each student who .is having
difficulty mastering the objectives in a related group
of lessons. RATING:

Block or Course Level - the computer atsigns the 1est avail-
able remediation alternatives to each student who ving
difficulty mastering block ot course level objet ves.

RATING:.

Test Seleiction and Assignment - Different forms of the tests
can be selected and assigned by the coinputer. The compu
can,also determine Wa particular trainee should lake an on-
line (MI) or an off-line (paper and pencil) version of a test.

RATINt:

Assign the different forms of a test at random.
RATING: .

Excludp versions that were taken by the trainee on
,earlier attempt'. RATI :

illm1.1111imm.m.,11.1w

Computer determines whetherto assign on-line or off-line
version of test. RATING:

Wsm ,117

Ass i gnment to Suppl ementary Ski 1.1 Traini ng at Course :Entry -

Providis for assigning those students fdentified as having
deficiencies in critical entry or learning skill areas to

sa
supplementary or remedial skill twining. Students would be
assigned in these areas.Prior to beginning training or early
in the training process by specialized materials or instruc-
tional procedures. RATING: im.mB1

1. Rased on Critical Entry Skill Assessment ,,- for example,
students wouldbe assigned to materials to improve their
reading skills or mathematical skills prior to beginning
training. RATING: 8

2. Based on'Deficient Leatning Skills Assessment - for example.,

students would be assigned to materials to, remedy defi-
ciencies in general study hablits and skills, including con-
centration skills, memorization skills, and test taking
skills. RATING:

Addltional-Resource Management Considerations - The system can
determine whia resources-are needed 6y a lesson, if they are
available, and where they are locatesi. Manage4kresources can
include classroom spaces, lesson materials, media devices, work
stations, simulators, and other train4ng equipment. Students

can be assigned in a manner that will even out.the distribution
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of itudents throughout tie to
as many assijnment options ava

and that will attempt to keep
able for the student as possible.

RATING:
.1

ent assignpient to the learning center or classroom
with the most_ room (other instructional considerastions
1?eing equalbi RATING:

Student assignment to blocks tof instruction to achieve
an optimal distribution among blocks (other Instructional
considerations being equal). RATING:

Capability to assign students te resoyrces that, 'are outside
their,own learning center or classroom (that is, capability
to share reSeurces among several classrooms).

RATING:

111. 'STUDENT PROGRESS MANAGEMENT - 'Computer-based .capabili ties to

support the management-of a trainee's progress-throu0 a self-paced
trainihg process. These capabilities range from simple scheduling to .

sophtiticated progress .prediction and management. Both the student and
instructor know how the, student is progressin ..at all tidies - on
schedule, ahead, or behind.

A. 'Scheduling Student Entries into the Course - Notifying he

stbdent squadron or' oilier authority as to which studen can

start the course each day based on arlailable space in e-

starting blcick or blocks. RATIN

Graduation Forecasting - Predicting, on the basis of the stu-

dentrs performante in the course, the:date on which he
complete the course, barring subsequent absences. Predicted
graduation dates can be shown on the Learning Center roster
and special reports can list the students predicted to gradul e
within a specified number of days. Required*out-processing
activities can be scheduled, reports lipr the Base Personnel
office can be prepared, or the System can be directly inter;*
facet to the Personnel Compoter System RAfING:

1. Predicted graduation date shown on roster RATING:

Predicted graduation dates within a specified
number of days are available by special report

RATING:

System-generated reports to Base Personnel Office
RATING:

Direct interface to Basi Personfiel Computer System
RATING:
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'System scheduli of out-processing acti4ities
RATING:

Moniiorin and Mana ement of Student Pr ress to a Tar et -

sta s ngatarget comp et On ate, ortewoecourse or

for individual-blocks for each student on,the basis of pre-

course characteristics (e.g., ASVAB or Pre-course test scores)

or perfonnance in the .early blocks ofithe courSe. Both the

student and the instructor will recefve feedback on the stu:-

dent's progress relative to his target: Targets can be madi

relative to either average actual couyse length or the pm
cdurte length. RATING:

1. Targets and management printouts addr ssing the whole

course. RATING:

Targets arld management printouts addressing individual
RATING:blocks. :

Use of pre-course da a in establishing target dates.
RATING:

,Use of within-Cburse data in establishing target dates.

*Tar ets are established-relative to average course length.
RATING:

Targets are established'relative to PDX course length.
RATING:

IV. SUPPORT-FOR GUIDANCE AND COUNSELING - Computer-based capabilities

to-support student guidance and counstling by instructors_and course

Management personnel. These capabilities can by based on identifying

entry skill deficiencies,.deficiencies in within-course performance, or

both. Instructors can quickly determdne which students need counseling,

and can retrieve from the computer the information-needed to give mean-

ingful guidance to the stu4rnt.

A. Identification of Stadents Needing Special Attentton at Course

Entey - Provides for-the identification,and reporting of stu-

dents, expected to be proficient or deficient with respect'to

mastery of course or training objectives. This Identification

and reporting is initiated at the beginning of the training

process to focus guidance and counselinq'functions on those

students most fn neti of-special training procedures.
RATING:



Students Flaved on Pre-detenn d Entry ariables for
example, a list of students me ured as proficient of' as
deficient on precourse assesfiients can be printed.

RATING:

Proficient and Deficient Stud t Scores Printed - besides
listing ftudents expected to e profitient or deficient',

s ills) can also be printed.
their scores on selected critcal entry,skill variables
(e.g., reading, math, study

RATING: r

Scores for All Students on Critical Entry. Variables Printed -
a report which includes the score's of all stuaents on those
variablis identified as critical entry skills, flagging
those student scores which are deficient. Allows-extra
capability to watch students who may be marginal.

RATiNG:

Proficient and Deficient Student Predicted ComPletion Vies
Printed - in addition to the foregoing information, Oe
iireFIcted training completion times can be printed for those
,students expected to be profticient Or deficient in mastering
training objectives. RATING:

Identification of Marginal Student Performance Within-Course -
Provides for the identification and reporting of students
expected to.have difficulty mastering training objectives.
Identification and reporting are initiated during training to
direct special help to those students most in need of it

RATING:

,Students Flagged on Pre-determined Time and Score Varipbles
for example, a list of those students exceeding-ftedetermined
training time cut-ffs, or scoring below predet&mined ,

criterion leitels on training objectives, can I% printed:
ta, RATING:

Times and Scores for Marginal Students Printeth- for
exaniple, besides listing students whose lieriformance., in

training is marginal, their actual time and score data can
also e printed. -

. RATING:

Student's Identified .for Possible Elimination'from Trainina -
77-tirdents ;listed as marginal, t6ose Whose time or score
dat are below course-established minimums for acceptable
perfjormance would be flagged as gossible c pórates for
elin1mation. RATING

Stmd nts Identified for': Special zed Remedial Training - -

students identified as marginal on the bisis of their train-



ing t1ies or scores receive specialized remedial training
assignments (e.g., to special instructor tutorials, r-

remedtation sessions out-of-class, or special skill training
for remedying learning or st4dy skills weaknesses).

RATING:

V. COMPUTER-AIDED 1NSTRUCTIO1 (CAI) Lesson materialS are stored in
the computer, and on request are displayed to a trainee for study. The
-gtored materials can include text, questions, and.graphics. The trainee
may interact with the computerthrough a keyboard, by pointing (touch
panel), or with a light pen (pointing to or drawing on the display
screen). Stucient interaction can range from "turnin the pages" on up
through,very Sophisticated exchanges - for exampl n simulated trouble-

_ shooting, varlous information can bemrequested from he computer, and
various solutIons,can be tested.

A. CAI Applicattons - Therg are five different ways in which CAI
canbe used th Air Forcetraining: drill and practice -
practice with4correction and'guidance of basic skills and
knowledges learned via other media; tutorial - the use of CAI
for particular whole lessons which are particular1y difficult;
simulation .7Use of CAI to simulate equipment or processes and
to teach studenti to use the equipment or follow the process;
revieviand remediation I use of.CAI to quickly eview the con-
tent of a block prior to a block test or to 'remediate over
failed objectives following a b)ock test failure and study
skills - use of CAI to teach specif4c study skills to students
who are defitient in theseareas. RATING:

l. Drill and Practice CAI'in your training
WING:

2 Tutorial0CAI in your%training area. RATING:

3. Simulation CAI in your training area. RATING.

4. CAI for Block Review prior to tire block test.

* RATIO:

5. CAI for Block Remediiilon after a failure. RATINbr:

*6. CAI for teaching study skills. RATING7

CAI Capabilities - Regardless of the particular applications,
the sophisticatiOn of the CAI capability can vary from lean tit,
,rich. The most basic CAI system would preserit text, and allow
tnput to multillle-choice questions via a typewriter keyboard.
The CAI programs would contain the capability to adapt to the
student's responses but they would not access other informati
about the student stored in the computer. A richer CAI system



will support graphics Wm drat;ings) as well s text, allow

students to enter\constructed-response (open-ended) answert, to

respond by touching the screen (using a touch-sensitive
surface), or with a light-sensitive pointer (light pen),
control a supplementary slide or filmrstrip presentation,
control an audio tape, and retrieve other information about
the student from the data base to allowrmpre adaptive
instruction.

1: Basic CAI pre enting text, and allowing inp6t to multfple

choice questions from a keyboard. .Hasythe capability to
adapt to the answers, but does not access other information
about the student. RATING:

2 Ad1-5g gralihRi cal5allitY-0-tbe-basit CAI.

Adding constructed response test items (Engl
answers) to the basic CAI.

Adding touch-sensitive or lightspen capabil

4dding audio tape control $o basic CAI - can
present voice accompaniment during selected
parts of the lesson. \ RATING:

Adding computer control over a slide or films rip

projector - can present,supplementary visual material
to accompany the CAI display in designated parts of .

the lesson. RATING:

Providing additional student information fromAhe
computer data base - for example, ASVAB or AFQT scores,

realing ability scores, or performance on an earlier
lesson,- to increase the sophistication of adapting
the CAI Program to the student's abilities and interests.

RATING:

1 RATING:

iSh
RATING:,

ty.

RATING:

....,.
On-line Learnine Process or 5 ecialized Skill Trainin

sentation o spec a ze training in.a gh y interactive,

computer-assisted format to either students or instructors. In

the case of students, the on-line mIterials would be disigned

for learning skill training (e.g., study habits and skills,

test-taking skills, memorization skills) for those students

identified as needing this training. In the case of instruc-

tors, the on-line materials would be designed to,train

diagnostic, tutorial, or other counseling skills for those
instructors who volunteer or are selected for this training.

RATING:



On-line Student Skill Training for example, for students
identified as-ideficient Jr( critical entry skills' or as
having marginal within-mune performance, assignment to
specialize4 on-Iine materials would be provided.

RATING:

Instructdr Skil Trainino - for ecaiqpi
structors tvhci Vaunteer or are selected for gem
skill/role training, assignment to speciali o
training materials and sequenc would be provided.

RATING:

I. CMI DATA BASE ANDTAL.'MATERIALS PR.ODUCTION ANO MAINTENANCE - To
erform any training functions, the, cbmputer must be i ormed about the

sAname* social secur y n er, course, etc.), the course

ruc u (tests,.lessons, resourc allowable sequences of lessons,

tc.), a tudent performance Øessos completed, test scores, block
ompletion t mes* etc.) The Data Base refers to entry; storage,

nd maintenance of this information

in the case.,of Computer Assisted Instruction (CAI ), all of the

esson information (text, questions; graphics., branchind instr ctions,

tc.) mijst be stored in the computer. CAI Materials. ProductIon and
iaintenatte refers to entry-storage and maintenance of this in ormation.

A. CMI Course Definition Data Base Editing - Used by course person-

nel to enter the information that describes the tourse structurd
the computer. Ibis editing- shiould I be easy to atcompli0 and

sy to modify. It' can be an off-line card based system (c6urse
rsonnel descr;ibe the course stracture on paper, and later -

redeive a printout listing what has been entered intoCthe data

Ai'ase), or can run on-line (course personnel at # comp ter
terminal enter, display, and change the infomatioN directly)

To facilitate use, the on-line system can use graphics to Clisk
play the course structure (the allowable p#ths throu h the
lesson Inaterial s )

Making the system'on-line, 'rather than the off-line
. cord based approach. RATING:

2,
Using graphics to display the course s eucture, rather
than relying completely on words:, RATING:

=1P

Automatic Validation of se Data Base In.egrtt Capabil ty

tiii-EFia automatically if 11 required data ase recorqs ,to
-describe the course are present, and consistent. When a new

course or course version is implemented, or on existing one- is

changed, all of the lessons, tists, and blocks must be in4the

data base. This capability will kutomatically check for

completeness. -RATING:



4

Editors for Production of 9n-Line Tests - If the System inctudes .
ihe capability for on-line testing, a means must be provided to
enter the test questions and their alternatives ,into the
coMputer system s data gase - a Test Item Editor. The simples1
form of .the Editor would allow the 'author to type in text. Add-

-itional features-'410ould format the testPquestion for the author,
-allow the author tbdecide whether or not to randomize the
presentation order'of;,test items and of alternatives within
test items, Control the number of attempts the student could
make, on each item, and enter feedback messages to follow

RATING:correc and incorrect answers.

1. Adding automatic formatting for the èntry of test 1%

questions; " RATING: i
Addingtauthor control. over whether orderiof test
items and alternatives will be randomi2ed.

RATING:

Adding author control over the umber'. of attempts
RATING:allowed on a question.

Adding feedback messages for correct and correct
answe at the author's, optiop.. RATING:

111=Wlib,

110,

CAI AuthoringtEditor - If the System includes CAI, there must
be a means of producing the CAI materia4s, or programs. The
traditipnal approach is to have CAI authors learn an authoring
language,,and use it in Wilting their lessoDs. .An ilternative
is to have CAI lessons written by an authoriprograMer team.
These approaches require practice and experience. Ahother
alternative is to provide a CAI Authoring Editor which structures
theauthor's task for him, proviides standardized formats for
text frames and questions, and eliminates the need for any pro-
graming ability. The program format would not be rigid and
alternative presentation approaches can be provided by the
Editor. Instructions for using the editor can be in a manual
and in addition, instructions can be displayed in the Editor
program itself through a HELP request. The HELP information
can refer just to the 'operation of the Editor or can also
provide 'guidelines for good instructional practices.,

Providing a CAI Authoring Editor, rather than uiring
authors to learn the- programming Tanga- work

with a programmer to construct lfsso S.. ING: -

Providing, in the CAI Authoring Editçr, "automatic
formatting for text frames and for q estions.

RATING:
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j)roviding, in the Editor, automatieStructuring of
the sequence of frames and quegtions in tbe CAI
presentation. ' 11 RATING:

+molding capability,to copy text frames, questions,
land graphics from other CAI lessons. RATING:

roviding a HELP riquest to display instructions for
ustng the Editor instead of relying entirely on an
instruction manual. RATING:

. Adding guidelines fOr good instructional practices
as part of a HELP request at the terminal. RATING:

'Us ---orTett rtem-Whd CAI"AritirofTh ditfts far Off-Line
Mat ri s est Remand C I Lut oring Editors are-avail-

abl it may be useful te use them forproducing tests and
ins ructional materials which are intended for use off-line,
e.g., regular prograraed texts. The Editors can be used to
write, review, and revise the tests anematerttals.and the final
product can be printed oui ready to be reproduced. If the

number of copies required is not tqo great, multiple copies can
be printed to avoid the need for reproduction. Finally, small-

group tryouts could be conducted on-line (like CAI) to provide

more detailed information on students' reactions to the

materials. RATING:

111.Mt

1 Uting the Test Item Editor to construct and produce
.1off-line tests. RATING:

-Using.the CAI Authoring Editor to construct and
produce offr,line lesson materials. RATINV

Using tors,for review and rey,io o ests and
RATING:lesson materials. '

a=.4.11...

rw..

Printing out a master copyl'rea for reproduction, of
tests and materials which have been written using thei
Editors. RATING:

Printing out multiple copies of.tests and materials,
in order to bypass reproduction for small quantkties.

RATING:

*Providing capability for conducting n-line small
RATING:group tryouts of materials and tests.

4.1,..111.

am.

Use of On-Line 'tors for Product on and Maintenance of Course

ocuments n itor ke those descri seil .for Test Items and .

CAI authoring could be used for producing course documents such



)afs the Tof., course charts ; , less out Ines,
Would .tnen be available at any tim& through
.review.or revisi°6 and ottples could:be'llr-itt.ed

r * , .
, -. .

The documen s
dytos. for

.out as needed:

VII INFORMATION RETRIEVAL AND RtPORTS-4. compater-based .trdining
-systenf, large amourits of information atiout-ff nees; cgurses, course
materials, tests 'andattest -items 9 and other,parts'of the systenr are'
stored, and- WI-ft .avai lable for pertodic 10°40u- dai ly 3 weekly!
monthly....'.),affiplyses' Ana reportg..*TheSe funttionssare intended-
principally for .iristruCtors, managers, and admfnistrators'. They can be
valuable to instructors who must provide management and guidance to
stubents: They also:can be valuable in providing,,qualfty control over,.
students and materials, in improt/ing the management and 'administration
of, training, and luating and improving all aspects of develbpment
and implementatinn of-training materials and programs.

A.. Re orts for Intruct*s --Large amounts sof data can he collected
and ma e dvilTal-Wro-Thstructors, but the,reports. should be
carefully structured to Meet the needs of the instruCtor$.-.The
.reporfs may include: claStrobio rosters, summaries for specific
Arts of;the course, Indivrilual histOry repoi-ts, and stAilaries
for t .c134,s Vfoora. 4i. 4,119G:

I.

..

bea,rning Center or Classroom Rosters - Rosters can be dis-
PlaYesi.or printed o show many different kir;ds Qf 4 T1 frra-

tion about each, of the students in a claian dr learning
center. :The basic Information would inch& social security
numbefs, names, carrel .(or .po*sition) nuNberi, obSences,

- current 'block, .and rate f prolgress. RATING:
4

Intividual Block Prtigress Re?orts - The comp er system
can alloi4 review of data 'by Instructors ervisors,
'counselors 9 etC. 9 via local.. terminal s. Progress reports
Can provide data for in-course counseUng and can become
eGonomical. replacements for .some of the currennnanual ly
Prepartd.forms .which accompany student records thrOughout
tife course 4nd,' in some cases, leyond graduation.%An
Individual Bl):kk Progress JlOgrt will sunimarize studerrt
progrest, timls and Scores, and. other pertinent information.

he b-lock progresS repprts can
fol lowing:

RAT,ING:

Informatiot! included -in
include some or all of t

a) legsans campleted by the student

-.numbers of attnpts, an4 scores on pagt .
attempt,. on each lesso,r



c) objectives failed during the block; RATING:

*d) time spent on each lessen) and on the
blocks; RATING:

aianount of time student is ahead or be ind
- schedcile; RATING:

1) amount of. homework students has accomplished.
RATING:

11..

Individual Student HistorAt. Reports - The sys.tem can provide
a.-Targe amount of additfonal, data-about an individual
student-. This can include tile .student's iebres on precourse
aptitude and interest measute's,, scores on critical entry
skill tests, t.ime spent in4 block remedtafion following a
bl(ck failure, and absence times, and reasons for absence.

-

Information in the'Indivl1 Student_History Repi5irt -cgn
ncl ude .-some or' a1,1 of the ,fol 1 owi ng:

a) attitude artd interest information; RATItiei

RATING:

block -

RATING:

b) scores on critical entry,skilli;

time in block remkdiation folloving
-fa i I u re ;

,
d) lesson objectives that were failed more than

twice; RATING:,

e) time absbnt in each block, rd reasons Thr
absences. RAT NG.:

a.r
amormi.

10vem.reo

AddiSional Reports on the Student -

a) Absence Report, tp replace the m nual- absence
report

b). Homework Summary Report,
As homework and to sum

RATING::.

t list lessons accomplished
ze homework time-expen

RATING,:

,c) 1n-1 ne display o stUdent-data - the capabil-ity to
call up and display*:any of the-available student
information. RATING:
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Trainins Management Reports: Reports such as these are intepded
for usp by managers*(Shift 'Supervisors-and above) in monitoring .
training actibvities.. Potential feports 'include rjumber of
dents awaiting training and ,1114W long they have been waiting',
number of trainees in each block dr each classroom on each base,
the distribution of xompletion times 'for blOcks antisthe course
itself, differences in trainee performance between parallel
classrooms or bpses; the extent td which instruttionkl reSourees
such as 'carrels, equipment, ,and training devices are-being

.utilized and summaries 2 by block.of other Unit, of trainee Re
formance.

1 Report on Students Awaiting Training; RATING:

2 Report of number ofstudents currently in each bloick,
classrooM, or on each base; .. RATING:

. *

The diStribution of completion times for individual
blocks;. ' 4 RATING

Itte distribution of course completipn ti es;
. 44 RATING:

Differenc.es in ptudent performance across p
le.aroing mentert, classrooms 'or bases;

Reports of instructifnal rOsource (faciliA
training devi6est etc.). utilization;

Report of utilization and performance of
instractars FATING:

arallel

%mama ..mr

4. 7.

AATING:

,

Summary Reports of student completion times and .

final grades, byb3ocki . ' RATING:

=1110.W.
S.

11.111,

Ours: &v.41uatiort Summar, - Summarizes stddent performance on
indrvIdupl l'essons withinetblotks4and on the block itself. .rt is
intended for use-in smallrgroup-tryouts of new materials and,
monitoring student prfoi-mance on estabilsked maiterials. The
Course, EialwiStion Sunmary can contain*a variety of features,
li,stbsi below. RATING:

1.. FirsI:attemp-et:tlesson aA block test.-score

RATINGS.Final letson and.block test scores.

Mean .and staritiaH aeviation of first-a empt lesslon .
and blob test ores; 11,4T



1.

4. Mean and standard deviation o'f final lesson and_
4 block test sc?res. RATING:

,

Mean and standard 'deviation of f1rst-attegt lesson
and block iimes; RATING:

Mean and.s_thdard devia ibn of lesson and block
RATING:completion times.-

Separate score and time data for al ernaiive modules
RATINO:within lessonst*

Score data two ken out by objective within lessons.
RATING:

RATING:9. ,First-ittempt lesson failure rates.

. Fiist-attempt objectUe failure. rates. RATING'

1 I . Cdrre%tionS .showting
predicted and actual
and scores;

ft

thif relationship between,
le§son and block times

RATING:

12. Summari zed :data on lessons modulet and objecti ves
with .fir.st-attempt failure rates above a certain
percentage, WINO

a*

.mmmirOmemin.

111.1*****.

iailiala*

11=1*=0

apalal

D. Test Item Evaluatiop Report -*Provides detailed information on
the -characteristics.of block and lesson tests. In could con-
tam a variety of features,.listed below.* 4 RATING:

I. The number (or percentage) of traineesNselecting each
alternative answer to test questions. RATING:

Percentage of trainees *answering each questjot
correctly. RATING:

Average test score tof trainees selecting each
.alternatiiie on eath question. RPrTING:-,

4. Flagging .test questions misted*by over' 70 percent
hy ;lone of the trainees. RATING:

Item-remainder correlatlons for ekch question.
RATING:

nd standard deviations.of scores for,each.
ve and *for each full test. RATING:.

6. Means
objet

a
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7". DitstrIbution oy scorts on the full test. RATING:

8 Alpha 'relfoility.coefficient for each obJective
ahdifor the furrtes.e.if * RATING:.

Ci:iterion%-referensed reliability coeffi.cient for ;
each objective and for- the full test. RATTN8r.

-
CAI Evaluation Dat4 SincetAI ininilves frequent interoction
with tlie student, very detailed evaluation.data are available
from CAI programs"... The most frequent use of this information
would be duri o -five evaluatiori (small-group tryouts) of
the programs. ariety.df capabilities are listed below.

A

Percentwe of studentsselecting.eack alternative in
each questionframe. . .

Pereeritage of.students selectingeead alternative
in eaeh.question.frame on their V.r.zt try, the.K
second try, etc. RATING:

The means and staitdard deviations of the time -tb'
respond to qtestion frames and the time to read
text frames. RAT

N.6

A

ifts- of unanticipated responses to ,c9:nstrueted
RATING:response-questions. -

Lists'. of open-ended studept commentg about- the CAI
RATJNG:program.

Detailed records of each Auden
CAI program.

"path through a
RATLNG:

mm statistics on major units bf.the Program,
suc tit* to complete and'ctimulatiie score.'

legimUllMml.

RATING:.
CourseWare Development Mantgement Riports' -.WhenEdi tors ;a7q tigid
Tor developing onAine tests, CAI' materials, or tests and ,.
materials_ to tie used off-line, the System can captureInformatton

-about authors' work on the-Edi tors and,ithe status of the
development,effort. This information could 'then be spmmari zed
in management reports fdr mipnitoring materials productions,
revies, revision, and impl4entatiou. The reports co'uld inOude
information 'such as. the person responsible fer developing,:
reviewing,, or mising a lesson, how -long' they bete been ilprk-
ing on it,' how larch oft the work has Oen completed, 'and exPcted
completion date.

84
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Performance Forecast Repbrts --ftvides'lleld, OJT, or technical

trainfng personnel with trainfkg'information which describes ,
, current studenif,perfornance levels or predicts how individual

students willjerforM in specific training 'areas..
RATING:

Pre-ServiCe Education and/or Vocational. Training,- available,

n ivfdeal .dita relevant to prior OuEiiion or 'training.
RATING:

Pre-Servtce Occu ational Job Ex e iente --data
w c re ec s pr or re evant o ;experience.

RATING: .

1101111

Enlidtment/Classification Data - data-available in AF
personnel records (e.g., ASVAi3 scores, AFOOT or. Ana
scores). RATING:

In-Service Training Performance Data - for exaMple,

FTb or OJT managerT; a report of-individual-student'
technical training or in-service training performance
datvte.g., scores times-to-complete). RATING:

,

Ag Specialty-Related Deficienctes -Nor,example, student,

data on deficienCies in skill experienced, or abilities

relevant' to that particular ind idual's.specialty.
*RATING: 111.1.

Studen Prediaed Adaptability, Performance and
tro'res io n in 0 erationil Fleld Assi nts frOr epmple',

stu ent Int-service an pre-service ta could be used to

Provide reports of predicted field assignment adaptability,

perfo , nce andprogression. . RATING:

9pecial Pirjose Reports - No matter how extensive, no set pf

standard rep s will always'be enough to answer all management

and evaluation questions. It is useful., therefore, tu have an

open-ended infonmation retrieval capability4that can lie used to

answer unexpected questions.about student and System performance.

A minimal capability would permit the user to define the

Variables which he wishes to look at, and the tYPes of students

and tIme periods from which th data arel to be drawn. The out;-

i
put would consist of the numbe of cases' found,Wild the mean,-'

standard-deviation, and rat* or each included variable. Such

a program could be riln-interactively, in a. minute oeso, and the

results displayed on .the user's screen or it,couId be rums a
background job, tn a half-huur'or so, and the results prfOted

outs

85



0 .
Utility of basic Data Retrieval Program with only
background capabi I i ty. RATING:

. .

Utility of addity interactive (as well as back-
ground)

.
capability.

. ,
ier\ RATING:

, ....._
The basic data retrieval Progra c9uld also be inter-
faced to one of the standard packages of statistical ..

, programs tfor rample, skim, or MO. This would .pefmi .

extensive analy is of student data and the Capability '.
to answerlust out any quettion that could be aske
about the data tillected in the eystem. Some train ng

\ iss howeyert4sre uired to use these statistical packages.
. r RATING:,

5

a

461,

'



APPEN6IX B

INTRODUcTIO'N'TO SURVEY FORM AND,. EXPLANATiON OF RAT NS SCALE

PERAIIONAL COMPUTER-BASED TRAINING SYSTR1 REQUIREcian

A highly sophisticated; prototype com ter-based traltring system hos
been developed and implemented at Lowry AFB. Th4s Myaed Instructiona
System, or AIS, represents4be staite-oft,the-:art inftiopth instructional
.anct.compuiter technology; 'ancr has dontributed to training time savings
of-30% or 'more in a variAly of technical! training areas.. As a prototype
system,

,however, 9 the ra Orovides functions .and capabi i ties kat may
'not be:nlcesary in the operational training environment; Te-realizethe fill potential of computer-kased%ystems for Air Force training, we
Want-to find out what functio r tapabilities tall have tbe higheSt
payoff for operational traiiii 4{

44

You have' been selected to participa e in this survey to determine
what ftinctivs are most valuable in your training area. Your assistance
in cardfdlly analyzing the value of various computer-based functions is
extremely important. Your ratings', along with the ratings of the other
participants 7 Ili l I be used in defining a low-cost computer-manage& and
computer-assisted instruction MI/tAI) systeni for Mr &brce training.

The folIowino pages descri-be,the many functions that a computer
could perform in a training system. Please read the description of a
function, and then carefully consider what that' function could accqmplishin your urtioular area of training. The question you are to answer,
for each 'Function; is:

"HOW MUCH IS THIS FUXCTION WORTH TO MY AREA OF AIR FORCE TRAINING?"

a,

Payoff potential can come from any of the following:

o Reduced training time, stuaents get through faster;

Reduced administrative load on instructors;

Bett.e) use of training resources;

Improved qualitx control over students or mater aIs;
o

Improved management/administration of training; and

Improve4_materials development protess,s resulting in betW in-
structi5nal materials and reduced development time..

On the followIng pages; there are eight brief .general descriptions
of various areas in Which, the 'computer could provide Irairting support..

-1

-,,- .
tinder each of the general area descriptions; specific areas of



ctnputer-based training`functionsare described. You are asked to con-

Oder how much each of these might be worth to Air Force training in

y ur particular area, and to assigp a rating of:

Very high payoff potential;

= Higg payoff potential;

Moderate payoffrpotential;

Small payoff votential

= No payoff potential; and

= No opinion - this fupction's effects.would be outside

'and I cannot astimate itS payoff potential.

If there are functions or- featurs that should be indluded in a
computer-based training system for ytur area of Air Force training, and

that are not listed, please &Scribe these on the last pagtof this
racket.

If *you are.involved in resiaent training, then assurkp thaf yout area
of training would be self-paced before the computer-based training system'
is introduced; This is importanes because many of the computer functions
could be quite valuable in self-paced training but of little vailue in

conventional lockstep instruction. Remember, 9 as you assign ratings, that
you are to consider the payoff of each function in spit-paced training.

4

If you have any questions please ask the representative conducting

this Survey.
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APPENDIX C

.LISTING OF CAL/CM FUNCTIONS, IN THE, ORDER OSED ON.THE SUR ORMS'i WITH MEAN1WINGS FROM RESIDENTTEgiNIcAL TRAINING, AND ESTIMATED SYSTEM IMPACTS (FILE REQUIREMENTS AND CPU iTIMES). ,THE FUNCTIONSWHICH ARE RECOMMENDED FOR OMISSIONOOM THE 10W-COST SYSTEM ARE.INDICATED IN THE FAKIEFT COLUMN.
Items are designated as (I),, (S), or Blank.: The (I) items appeared onlY on the instructor surveyform, (S) items only ort the supervisor form, ,and the Wank items appeared On both? Instructor and

isu7
supervisor forms.

FuNCTIC!

###### - STUDENT TESTING, AND .EV,ILUAiiON #
IA TEST SCORING ANDTEEDBACK

IA1*--RIGHTzWRON6-WITH, PERCENT CORRECT
IA2 CORRtCT SCORE:FOR-GUESSING

WEIGHT'QUESTIONS.,DIFFERENTIALLY
( ) IA4 PASS CERTAIN-PERCENT-OF ONECTIVES
( ) IA5 PASS SPECIFICAWECTIVfS'

i)I.DROP4I) IA6 PASS SPECIFIC OUEMONS- -
(I) IA7. SCORE- PERFORMANCECHECKLISTS
(I) IA8 INSTqUCTOR CAN CERTIFY,I.ESSON PASS

(NOTE: IA7 AND 1A8, RATED LOW BUT\NEEDED

IB ADDITIONAL W.LINE TEST CAPABILITIES

181 ON-.LINE
182/ ONAINE,
183 ON-LINE,

OP 184 OW-L/NE-,-
185 ON-LINE,
186 ON-IINE,DROP

RANDOM QUESTION ORDERS
ItANDOM ORDERS OF ALTERNATIVES
.RETEST mg FAILED OBJECTIVES
-CONSTRUCTED RESPONSES
ADAPTIVE WITHIN TEST
ADAPTIVEON COURSE PERFORMANCE

F1LE$
VME NEEDED CPU. T

2.17

/ 2..20

/ 3.20
2 60

/ 2.46
/ 2.25
/ 3.30
/
/ 3 34

K,R,S

K,S.

KIS
KS
K,S
Ks$
K,S
KIS

,k2.26 1,1caS,T 5 MSEIC/SEC/

STUDENT
/ 2.30 I,K,S,T
/ 2.31

/ 230 CT
2.85. CO,COttT
2,91 CB,CO.,CT



FUNCTION

APPEND X C CO*T I NUED )

FILES
/ VALUE NEEDED CPU T ME

IC PREASSESSAEW DATA CAN BE USED
) IC1 RELEVANT AF 'PERSONNEL DATA CAN BE USED

I ) IC2 PRE-COURSE KNOWLEDGE TESTS
I ) 1C3 LEARNING PROCESS SKILLS

.41 y 1C4 COURSESPEC I FI C ENTRY SKILLS

D ATT I;kODES. AND ItiTERESTS
( ) IDI PRE AND POST ATTITUDES
(1) ID2 WITHIN COURSE, ATTITUDES AND INTERESTS

/ 2.57
/, 2.53

/ 2.39
/ 2.g9
/ 2.40
/ 2.66
/ 2.78
/ 2.82

####### II - STUDENT XSSIGNMPIT #######
11A ASSIGN JO ALTERNATE COURSE VERSIONS / 28O

IIB DETERMINE. DRDER OF ASSIGNMENTS / 2.56'

( I ) I I B1 ORDER BASED ON LESSONS COMPLETED / 2.56

( I ) 1182 ORDER ,.ASED ON EfiRL IER PERFORMANCE / 2.55

) I IB3 Mt.& BASED ON 'RESOURCE AVAILAB IL ITY / 2.50

(1 ) I I B4 .ORISER BASED ON TEAM CONS I DERAT IONS / 2.74

DROP ( I ) I 1135 ORDER SELECTED BY INSTRUCTORS if 2 93

ASSIGN-Tb:ACTERNATE- LESSON' TREATMENTS- 2.70.

DROP'(I). IIC1 INSTRUCTOR ASSIGNS ALTERNATES. / 2.79
DROP (I) II.C2 STUDENT SELECTS DESIRED ALTERNATES / 3.71

(1) Iip RESOURCES DICTATE ALTERNATE 4SSIGNMENT / 2 )39

BATCH
K S
K ,S

K,S. V

K ,S

K S
K

H,S.

H

H'sS

H,S 4 MSEC/
TRANSAtTION

F,R 7* 4.MSEC/

TRANSACTION
H,L S I MEC/-

TRANSACTION
D L,M, 3 MEC/

.11,s TRANSACfION

D,LAN
F 3 MEC/.

TRANSACT ON



APPENDIX C .(CONTINUEO)

FlYNCTI4ON / VAL4E
FILES, .

NEEDED CPU TIME

IIC4 IN-COURSE PER5ORMANCE'DETERMINES ASSIGNMENT

y

IIC5 hE-COURSE MEA4UREg DETERMINE ASSIGNMENT
IIC6 HEURISTICRULES FOR ASSIGNMENT SELECTION

.(NOTE: fIC6 IS LOW VALUE, BUT USEFUL)
IIC7 PERFORMANtE.PREDICTION DETERMINEWSSIGNMENT

IID ASSIGN TO ALTERNATE REMEDIATIONS
IIDT ASSIGN- TO ALTERNATE LESSON REMEDIATION

IID2. ASSIGN T&ALTERNATE LESSON GROUPS REMEDIATION

/ 2.75

/ 2.84
/ 3.38

/ 2.95.

/ 2.61
/ 2.38

/ 2.45

1103 ASSIGN TO BLOCK OR COURSE REMEDIATIONS / 2.53

IIE TESTS SELECTED AND ASSIGNED
'(I) 11E1 TEST ASSIGNMENT'AT RANDOM
(I) 11E2 TEST ASSIGNMENT EXCLUDES PREVIOUSLY TAKEN TESTS
(I) 11E3 ASSIGNMENT .TO ON-LINE OR OFF-LINE TESTS

.14IF ASSIGNMENT Yo SOPLEMENTARY SKILL TRAINIPG OR ENTRY
(I) IIF1 pissIGN SUPPLEMENTARY TRAINING BASED ON ENTRY SKILLS
(I) IIF2 ASSIGN SUPPLOENTARY TRAININO BASED ON LEARNING SKILLS

(I) IIG RESOURCE MANAGEMENT BY COMPUTER
(I)* I1G1 RESOURCES: ASSIGN TO LEARNING CENTERS
(I). IIG2 RESOURCES: ASSIGN TO OPTIMIZE ACROSS BLOCKS
(I) IIG3 RESOURCES: MANAGE OUTSIDE LEARNING CENTERS

/ 2.86
/ 2.86
/ 2.52
/ 2,98

/ 2.28
2 / 2.10
/ 2 16

/ 2.48
/ 2.74

/ 2.88

H,L,S a, MSEC/

TRANSACTION
-H,L,S:

.H,L,S

L.N

D,L,M,
N,S
D,LkM,
NS
H,L,S
H,L,S
H,L,S
KL,S.

HeK,S
H,K,S.

F,P,S
P,S
11,P,S

F,S

10 MSEC/
TRANSACTION .

70 MSEC/
TRANSACTION
10 MSEC/
TRANSACTION

1 MSEC
1 MSEC
3 MSEC



?VP

APPENDIX.,C

FUNClION

####W III - STUDENT PkIGRESS MANAGEMENT ## ##
IIJA StHEDULE STUDENT ENTRIES TO COURSE

IllS OADUATION FORECASTING
(I), IIJB1 Pi!tEDICTED GRADUATION DATES ON ROSTE

(I) II1B2 GRADUATES IN NEXT X.DAYS, LISTED 0

tO IRUED)

9

.IIIB3 GRADUATION.REPORTS tbg CBP
IIIBCDIRECT INTERFACE TO PERSONNEL SYST M

.*

II1B5 GRADUATES: WIEDULE OUT-PROCESSIN

IIIC1
IIIC2
II1C3
IIIC4
II1C5
IIIC6

MANAGE STUDENT T6 TARGET-,
NANAGEMENT TARGETS.PRINTED FOR WHOLE 'COURSE
MANAGEMENT TARGETS PRINTED FOR INDIVIDUAL BLOCKS
MANAGEMENT TARGETS BASED ON PRE-COURSE ,DATA
MANAGEMENT TARGETS, FROM WITHIN-COURSE DATA
MANAGEMENT TARGETS RELATIVE TO AV,ERAGE COURSE LENGTH
MANAGEMENT TARGETS, RELATIVE TO.POI LENGTHS

.F1LE$

/ VALUE NEEDED CPUJIME

/ 2.?9

./ 2.47

/ 2.75 C,P,S,V 3 MSEtMC/
OCCURRENCE

REPORT t 2.64

/ 2.62
/ 2.51

/ 2.58

/ 2.83
/.2.83
/, 2.89

/ i.02

/ 2.69
/ 2492
/ 2.97

C,P,S,W 3 MSEC/SEC/
'OCCURRENCE

C,P,5-4,W BATCH '

(NEEDS dEFINITION FROM
AIR FORCE)
E,S, BATCH

C,H,P,S
C,H,P,S
C,H,S,W
C,H,S,W

C,H,S,W



FUNCTION

APPTNDI X C CONTINUED)

/ VALUE NEEDED JCPU TIME
FILES

####### IV 1. SUPPORT FOR GUIDANCE AND COUNSELING #######
IVA IDENTIFY STUDENTS NEEDING SPECIAL ATTENTION

IVA1,

IVA2

IVA3

IVA4

IVB

(I) IVB1

(I) IVB2

(I) ,IVB3

(I) IVB4*

*FLAGGED ON.ENTRY VARIABLES

PROFICIENCY AND DOICIENCY SCORES'PRINTED

SCORES ON CRITICAL\ENTRY VARIAtLES PRINTED

PREDICTED C9MPLETION TISES PROFICIENCY/DEFI9T!CY

IDENTIFY MARGINAL PER'FORMANCE IN COURSE

FLAGGED ON TIME AND SCORE VARIABLE&

MARGINAL TiMES AND SCORES PRINTED OUT

FLAGGED FOR ELIMINATION.FROM TRAINING

FLAGGED FOR SPECIAL REMEDIAL TRAINING

2.30 C,E,P,

CPNSIDNED
/ 2.45 C,E,P,

SO/
2.38 C,,E,Ps,

S,V
7 2.49

s,v
./ 2.64 C,E,P,

S

/ 2.32 C,E,P,
,S,W

/ 2.55. c,E;p,

/ 2.50 C,E,P,
5,141

/ 2.26 C,E,P;
Sol#1

/ 2.30 c,E,p,
s,w

5 MSEC/STUDENT

1Q1

Ike



APPENDIX C (CONTINUED)

FUNCT IAl
FILES

/ VAOE NEEDED CPU TIME

###### V COMPUTERAIDED INSTRUCTIO (CAI) #######

Vk, CAI APPLICATIONS, TRAININ TING

(I) VA1 CAI DRILL AND PRACTICE

(I) .VA2 CAI TUTORIAL

(I)* VA3 CAI SIMULATION (LIMITED CAPAiILITY)

/ 2.36

/ 2.80

/ 2.81

/ '2.87

2.67

2.47

2.67

?

(I) VA4 CAI FOR BLOCK-REVIEW, /

(I) VA5 CAI PNI BLOCK.REMEDIATION /

(I) VA6 CAI FOR TEACHING STUDY SICILIA /

5 MSEC/SEC
STUDENT .

P:09S,
ALL CAI
FILES .

P,Q,S,
ALL CAI
FILES

PsQ9S,
ALL CAI
FILES'

PsQ,S,
ALL CAI
FILES
H,K,M,P,
Q,S,X,ALL

'CAI FILES
P,Q,S,

ALL CAI
FILES

ALL CAI
FILES



APPENDIX C (CONTINUED)

FUNCTION
FILES

/ VALUE NEEDED 'CPU TIME

VB
4

CAI.CAPABILITFES

/

5 MSECiSEC/
STUDENT-ON
CAI

BASfC CAI CAPABILITIES / 3.1.6 ALL VtIk
FILES

VB2 BASIC CAI PLUS GRAPHIC CAPABILITIES / 2.74 CT

YO3 BASIC CAIIPLUS CONSTRUCTED RESPONSE CAPABILITY / 2.85 CT
VB4 BASIC CAI PLUS TOUCH PANEL OR.LIGHT PEN . / 2.92
VB5 BASIC CAI pus CONTROL OF AUDIO TAPE PLAYER / 2'.69

VB6 (BASIC CAI PLUS CONTROL OF SLIDE ORTILM PROJECTOR / 2.74
VB7 BASIC CAI PLUS' INTERFACE WIT9 THE CMI DATA BASE / 2.70 S

. VC CAI FOR, TRAINING ON LEARNING PROCESSES AND SPECIAL SKIL S / 4.62
(I). V CAI FOR STUDENT SKILL TRAINING / 2.44
(I VC CAI FOR INSTRUCTOR SKILL TRAINING / 2.49

IN%



A

ApPENDIX C (CONTINUED)

3

FILES

/ VALUE NEEDED CPU TIME

,####W Vi - COI DATA BASE AND 61 MATERIALS PRODUCTION Ap
VIA CMI COURSk DEFINITION,DATA BASE ,EDITIN:.
_VIA1 ON-LINE CMI DATA SASE EDITING

NIA2 GRAPHICS FOR COPSE STRUcTURE DISPLAY 4

VIB AUtOMATIC YALI6ATION OF COURSEDATA BASE

VIC , EDITORS FoR,OuobuciNG 'ON-Ling. TESTS

VICi AUTOMATIC FirMAT FOR faRY.OFthEST QUESTIONS
VIC2 RANDOMIZED QUESTIONS AWALTkRNATIVES
VIC3 CONTROL NUMBER OF ATTEMPTS YfR QUESTIONS,
ym4 FEEDBACk FOR\RIGHT/WRDNG, IF DESIRED

VID CAI-AUTHORING\EDITOR
VIDlaPROVIDE AUTHORING EDITOR, NOT TEAM,WRITING
VID2 AUTHORING EDITOR TORMATS TEXT FRAMLES,AND QUESTIONS
VID31 AUTHORING EDITOR STRUCTURES SEQUENCE OF FRAMES
VID4 L.AUTHORING'IDITOR COPIES FRAMES 'FROM OTHER LESSONS ,

VID5 AUTHORING EDITOR HAS USER "HELP"-INSTRUCTION5
VID6' AUTHORING EDITOR HAS "HELPS" FOR WRITING PRACTICES

VIE USE AUTHORING EDITOR tip OFF-LINE MATERIALS

VIE1 USE AUTHORING EDITOR FA OFF-LINE iESTS

VIE2 USE AUTHORING EOITOR FOR OFF-LINE LESSONS

191

NTiNANCE #####W-

/ 2 76 ALL FILES IN
CMI DATA BASE.

/ 2.65 H.

/ 2.27 C,F,H,K,

L,M,P,R,
X,W

8-4
/ 232 I,K / 15

--AUTHOR
/ 2.50 IOC
/ 2.50 I;K
/ 2.55 ALL CAI FILES
/ 2.26% ALL'CAI FRES

20 MS/S/AUTHOR
/ 2.50 ALL CAI FILES
/ 2.48 ALL CAI. FILES ;

/ 2.49 ALL CAI FILES
/ 2153 ALL CAI FILES
/ 2.38 .ALL CAI FILES

/ 2.47 ALL CAI FILES

/ 2.50 CL,CO, 20 MS S AUTHOR
CT

/ 2.58 CL,CO,
CT

/32.60 CL,CO,
CT



APPENDIX C.(CONTINUED)

TUNCTIM
FILES'

/ VALUE NEEDED CPU TIMt

VIE3

(VIE4

VIE5

VIE6.

- V I F

AUTHORING EDITOk.TO REVIEW/REVIST OFF-LINE ATEkIALS

PRINT MASTER COPY FOR OFF-LItiE MATERIALS

PRINTicOULTIPLE COPIES'FOR TRYoU

tONDUCT'ON-LINE TRYOUTS

####### VII
VIIA
VIIA1
VIIA2
VIIA2A
VIIA2B.
VIIA2C
VIIA2D
VIIA2E
VIIA2F

USE EDITORS FOR COURSE DOCUMENTAT Ns

- INFQRMATION AND REPORTS ##### #
REPORTS FOR INSTRUCTORS
LEARNING CENTER ROSTERS
BLOCK PROGRESS kEPORTS
LESSONS STUDENT HAS COMPLETED-
ATTEMPTS AND SCORES ON LESSONS,
OBJECTIVES FAILED IN BLOCK
TIME ON LESSONS AND'ON BLOCK
TIME AHEAD OR BEHIND SCHEDULE
HOMEWORK ACCOMPLISHED

1 T.'.

/ 2.51 CL CO,

CT
/ 2.35 CL,CO,

CT ,

/ 2.37 CL,CO;
CT

2.28 ALL,CAI
FILES

/ 2.18 CL,CO, 15 MSEC/SEC/.
CT ON-LINE USER'

/ 2.32
/ 2.41
/ 2.25
/ 2.37
/ 2.37

/ 2.31
/ 2.49_

/-2.66

M,P,S
M,P;S
M,S
M S,

M,S
.M,S
M,S
M,S
M,P,S



APPENDIX C (CONTINUED)

FUNCTION
- I / VALUE

FILZS
HEEDED

VIIA3 STUDENT HISTORI REPORTS
. / 2.42 M,P,S

VIIA3A ATTITUDE AND IMTEREST INFORMATION ,

/ 2.82 M,P,S
VIIA3B SCORES ON ENT Y SKILLS

,VIIA3C TIMES IN BLOCt REMEDIATION
/ 2.4
/ 2.59

M,P,S
M,P,S

VIIA3D OBJECTIVES FNILED.MORE THAN TWICE ./ 2.34 M,P,S
VIINE ABSENCE TIMES AND REASONS, ip BLOCKS F / 2.62 M,P,S
VIIA4A ADDITIONAL R PORT: ABSENCE REPORT / 2.58 A,P,S
VIIA4B ADDITIONAL REPORT: HOMEWORK SUMMARY / 2.79 M P S
.VIIA4C ADDITIONAL REPORT:, ON-LINE DISPLAY OF S ATA /02.31 M,S,

.

VIIB IRAINING MANAGEMENT REPORTS '/
(). \awl, REPORT, STUDENTS AWAITING TRAINING 1. 2.76
(S) VII82 REPORT, STUDENTS BY BLOCK, ROOM, OR BASE 1 2.63
(S) 11I183 REPORT, DISTRIBUTION OF BLOCK TIMES / 2670(S), VI184 REPORT, DISTRIBUTION OF,COURSE TIMES / 2.71
(S) VIIB5 REPORT, PERFORMANCE BY ROOMS OR BASES / 2.95
(S) VIM' REPORT, RESOURCE UT.ILIZATION '. / 2.64
(S) vrIB7 REPORT, INSTRUCTOR UTI,LIZATIONIPERFORMANCE / 2.54
(S4 .VIIB8 REPORT, STUDENT TIMES AND GRADES BY BLOCKS / 2.60

4PU TIMt

E S

E,P,S
RDF,V
R0F,V
E,P,S
F,P

F,R
RDF,V

4



APPENUIX C (C NTiNUED)

FUNCTION

4

FILES ,

/ VALUE NEEDE15 CPU TIME

:S) VIIC COURSE EVALUATION SUMMARY

S) VIIC1 FIRST ATTEMPt TIMES AND SCORES

;S) VIIC2 FINAt TIMES AND SCORES

:S) VIIC3 MEAN,SD, FIRST ATTEMPT-TIMES AND SCORE

(S) VIIC4 MEAN, SD, FINAL LESSON AND BLOCK SCOR

;S)* VIIC5 MEAN, SD, FIRST ATTEMPT,LESSON AND BLOCK TIMES

S) VIIC6 MEAN, SD, LESSON AND BLOCK COMPLETION TIMES

S) VIIC7 SCORE AND TIME DATA BY LESSON ALTERNATES .

:S)' VIIC8 SCORE DATA BY OBJECTIVES IN LESSONS

(S) VIIC9 FIRST ATTEMPT LESSON FAIL RATES

(S) 'VIIC10 FIRST,ATTEMPT
OBJECTIVE FAIL RATES

:S) VIIC11 CdRRELATIONS OF ACTUAL WITH PREDICTED TIME AND SCORE

:$) VIIC12 SUMMARY, FAIL-RATES ABOVE "X" PERCENT

:S) VIID TEST ITEM EVALUATION REPORT

:S) 'VIID1 TIMES,EACH ALTERNATIVE IS aELECTED

:S) VIIDa TIMES.EACH QUESTION IS ANSWERED CORRECTLY

:S) VII03 FOR ALTERNATIVES, ANERAGE TEST SCORE

S) .VII04 rLAG ALTERNATIVES MISSED BY,X% OR MORE

:*S) VIID5 ITEM REMAINDER CORRELATIONS

:S) .VIID6 MEAN. AND SD OF SCORES BY OBJECTIVE AND.TEST

:S) VIID7, DISTRIBUTIONS OF SCORES ON TESTS i

:S) VII08* ALPHA RELIABILITIES FOR OBJECTIVES AND-4ESTS

:S) VIID9 RELIABILITY COEFFICIENTS FOR OBJECTIVES AND*TE

VIII CAI EVALUATION DATA

:S) VIIE1 CAI,YERCEV SELECTING QUESTION ALTERNATIVES

:S) VIIE2 CAI, PERCENT SELECTINGt.BY ATTEMPT NUMBER

/ 2.52
/ 2.62
/ 2.53'

/ 2.96
/ 2.93
/ 2.94

10/ 2.89
/ 2.88
/ 2.68

2.70
./ 2.67

/ 2.80
/ 2.72

/ 2:23
/ Z..27

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z
Z

V 2.20 Z

/ 2.44 Z

/ 2.07 2
/ 2.50 Z

/, 2.57 Z

/ 1.39 Z

/ 2.57 'Z

/ 240 'Z

/ 211i0

/ 2.70

CRP,CB,
-cp,cL,co
CRP.;CB,

CD,CL,C0



APPENbIX NTINUED

'tFONCTION

8

FILES
,/ VALUE NEEDED CPU TIME

(3) IE3. ,CAIls TIMES TO RE46 AND'TO RES1)6ND
i

USTUNANTICIPATED RESPONSES4,

CAJ,,APEN-ENDE6'SfUDENT.C6MMENTSft

I' RECORD. ST.UDENT PATH THROUGB LESSON*

TAX TATISTICS ON MAJOR UNITS:OF .PROGRAM

-(S) VIIF COURSEWARt DEVEILOPMENT MANAGEMENT REPORT§

(S) ,PERFORMA'NCE FORECAST REPORTS TO FIELD
DROP (S) 71,1G1 PRE.-SERVICE EDUCATION, VOCATIONAL TRAINING
DROP (5) VIIG2 PRE-SERVICE QCp.IRATION,.44.10 EX.PERIENOE
DROP (S) NIIG3 AF PERSONNEL RttORDt AND DATA - ASVA6, ETC.

(S.), .VIIG4 IN-SERVICE TRAINING PERFORMANCE DAY4k
DROP (S) VIIG5 SPECIALTY-RELATED DEFICIENCIES
DROP (S) 'Ulla PREDICT PERFORMANCE.IN FIELD ASSISNMENT

VIIH SPECIAL RURPQSE REPORTS
DROP (S) VIIH1 S.PECIAL REPORTS - BASIC DATA OETRIEVAL, BACKGROUND
DROP (S) VIIH2 SPECIAL REPORTS - INTERACTIVE RETRIEVAL

(S) VIIH3 SPECIALIIEPORTS - RETRIEVAL WITH STATIStfCS

.:INTiRACTIVE FROM DISC
....BATCH ONLY ON-SHIFT
....BATCH ONLY OFF-SHIFT

A

/ 2-.88

/ 2.81

/ 2.82

/ 2.69

/ Z.71 .s
/ 2.82 S

/ 2.92 S.,

2.72 S

/ 2.92 S

,CD,CL0C0
CRP,CB,

CD&L,C0
CB;CC,CD,
CL,C0'

CD,CL,C0
CRP,CB,
CD,CL,C0

/ 2.99 B-,V,RDF

/ 2.83 B,VONF
/ 2.74 B,V,RDF 20 NSEC/SEC/

ON-LINE USER
B,V,Raf
B,V,ROF
B,V,RDF



Abbreviations:-

File

cv =
s =

b =

g=

APPENDIX C (CONTINUE')

course version
student
block
group'(group or block)

CAI RECORDS-
. ,

V
Number ofilecords

6

LC = learning center
L lesson j

M = module

a

Max. Size
(WordS) Size (if variable length

CL CAI lesson recotd' 1/module with CAI 257
CO CAI objettive record 1/objective 623
CB Branching record 1/objective that has.

branching (some branch-
ing instructions
require 3 worqs)

1012

CT Text Tecord,-type 1/text frame 504

type 2- 1/text frame 506

CRP Response point record 1/student response 40
CD Decision point record 1/decision poipt passed 35
CC Comment record 1/comment recorded 512
'CSL Restart record 1/student taking CAI'lesson 1544

CSR Restart record 1/student in CAI review/
remediation

270.

574- # of highest ob*ettive x 2)
23 + # of frames x 6
12 + # of branches)/ .

4 + text buffer,iiiverage length
25 words /

6 + text buffer,/ average len§th.
50 words

16 + (# of unatiticiipated responses)
15 + (# of decilions/frame * 2)
12 g+ buffer, average = 30 words

65'+ ((# of ob ectiVes +..4)/5)

111



File

APPiNDIX C (CONCLUDED)

Number of Records .

Max. Size
(Words)

,
Size (if variable length)*

A absence
B Block

,C Course
D Student Data Profile,

llist of lessons to do
E* Cpurse Enrollment
F Class (Facility)
it Hierarchy of Course
I rtem Record on-line

testing)
K Test Key

l/s/b if absent in block
l/s/b completed this week
1/cv
I/s using file

l/s

2/LC
l/g

L Lesson
M Module Completion

Record'
N Module

,P learn,ing Cenier
Q Queue'
R Resource Type Deseilip.
S Student Status
T, Testing Record
V Variables Definitions
W Calendar
'X Resources Cross-Ref-

erence

RDF Recent Data File

1/test'

1/L

1/s/started block

l/m

1/LCNIif
366
1

l/s

lis taking tes.t
1/vattiable

l/b

1/transaction
400/b/course

511

606

1

242

1 + (# of absences x.2)

,
2 (4 x last type defined)

,16T+ (3 x # of nodes)

254 7 + # of subscales + # of tems
in each sUbscale

14*
508 88 + (3 x #'of transactions)

222
155
509
801

452
260
13

?88
156

29
'688

206 + # of resources

422 + # of retqurces
11 +I of iteps answered

6100 + # of highest tesson taken
1/4

,

I.
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APPENDIX D

4

ORDERED LISTING-0E4AI/CMI FUkTIONS,'ACCORDING TO AVERAGE RATING FROM ATC RESIDENT TECNNItAL TRAINING

PARTICIPANTS, WITH DISTRIBUTION& OF RATINp RESPONSES AND PROPORtIONS OF HIGH (1 AND 2) RATINGS

Items are designated as'(I) (S), or blink..., The (I) items appeared.only on the instructor>,

survey form, the (S) items;only on the supervisor form, and the blank items appeared on

both th4 instructor and supervisor foitms.,

AOTE: Thee means were deriked by av6aqing all.of the individual responses, and are
/therefore somewhat differerit from the Appendix C means, which were derived by

ITEM

(S) VII04
IA

(I) IIF1
c) VIIA2C

(S) VIID2
(I) IAT

(I) IIF2

:(S) 18

(S)- VIID
(I) 'VIC4

VIF
(S) VINO

VIIA2

,
IIF

*(I) IAS

St VIB
y1E6
VIIA4C
VIIA2D

UI

averagt.ng the proup averages. r A

FREQUENCIES, CATEGORIES
. 1 - 5 AND X

MEAN

PROPORTION
,OF 1 81.2

RATINGS1 2 3 4 t. X

FLAG ALTERNATIVES MISSED BY X% OR MORE ' / 43 43 28 10 1 5 2.06

TEST SCORING AND FEEDBACK / 86 len 5 21 7 17 2.13. .67

ASSIGN SUPPLEMENTARY TRNG BASED ON ENTRY SKILLS /.50 36' 25 7 10 9 2.15 .67

OBJECTIVES FAILED IN BLOCK / 76 91 59 19 9 13 2.19 .66

TIMES EACH QUESTION IS ANSWERED CORRECTLY / 35 45. 33 10 2 5 2.19 .64

RIGHT-WRONG WITH PERCENT CORRECT . / 46 304 .j1 12 5 13 2.19 .61

ASSIGN SUOPL. TRNG BASED ON LEARNING SKILLS / 47 35 26 8 11 AI 2.21 .65

ADD'L ON-LINE TEST CAPABILITIES / 36 44 12 2 4 2.21 .63

TEST ITEM EVALUATION REPORT / 24
.32

35 33 5 1 32 2.22 .60

FEEDBACK FOR RIGHT/WRONG, AS SELECTED. / 36 40 23 10 7 21 2.24 .66

USE EDITORS FOR COURSE DOCUMENTATIOA / 77 66 48 19 16 '41 2.25 .63

TIMES EACH ALTERNATIVE IS SELECTED / 33 44 34 11 3 5 2.26 .62

BLOCK PROGRESS REPORTS ' / 72 70 78 17 10 20 2.28 .57

ASSIGN TO SUPPL. SKILL TRAINING ON ENTRY / 73 83 53 24 16 18 2.31 .63

PASS SPECIFICOBJECTIVES / 42 34 27 12 10 12 2.31 .61

AUTOMATIC VALIDATION OF COURSE DATA BASE / 61 84 0 22 12 31 2.32 .61

CONDUCT ON-LINE TRYOUTS / 63 80 61 22 11 30 2.32 .60

ADD'L REPORT: ON-LINE DISPLAY OF STUDENT DATA / 75 76 64 25 15 12 2.33 .59

TIMES ON LESSONS'AND BLOCKS _
. . / 68 78 73 28 8 12 2.,33 t.57

4



,APPENDIX p (coNTINum).

FREQUENCiES, CATEGORIES PROPORTION

ITEM

VIIA REPORTS FOR MSTRUCTORS
. / 67

(I) IC3 LEARNING PROCESS SULL5 / 37
* (S) VII09 RELIABILITY COEFFIC. FOR OBJECTIVES AND TESTS / 27

(S) VIID7 DISTRIBUTIONS OF SCORES ON TESTS 4 / 26
Or IIQ1 ASSIGN TO'ALTERNATE LESSON REMEDIATION . '"/.33

VIIA3D OBJECTIVES FAILED MORE.THp TWICE / 70
IV6. IDENTIFY SIMDENTS NEEDING SPECIAL ATTENTION / 64
IVB IDENTIFY MARGINAL PERFORMANCE IN COURSE / 61

I) IV83 _FLAGGED FOR ELIMINATION FROM-TRAINING / 38
I) IV64 FLAGGED FOR SPECIAL REMEDIAL TRAINING / 33
S) VIC ' EDITORS .FOR PRODUCING ON-LINE TESTS

- / 22
(I). IC2 PRE-COURSE KNOWLEDGE TESTING / 34

VIIA2A LESSONS STUDENT HAS COMPLETED '.' / 67

)
VIE4
VIE5

PRINT MASTER COPY FOR OFF-LINE MATERIALS
PRINT MULTIPLE COPIES FOR TRYOUTS

.

1 60
/ 66

VIIA2B ATTEMPTS AND SCORES ON LESSONS / 63
(14 1C4 COURSE-SPECIFIC ENTRY SKILLS / 36
(I) I61 ON-LINEtWITH RANDOM QUESTION ORDERS / 37

IIIA SCHEDULE STAVNT ENTRIES TO COURSE / 68
VID5 CAI AUTHOKWS "HELP" FRAMES WITH'EDITORS / 44

(I)

182

1102
ON=LINE, RANDOM ORDERS FOR' ALTERNATIVES
ASSIGN TO ALT. LESSON GROUPS REMEDIATION

/ 36

/ 32

.(I)

VA CAI APPLICATIONS, TRAINI,NG ANDJEFING / 55
VIIA1 LEARNING CENTER ROSTERS 'N/ / 72

(I) IA4 PASS CERTAIN PERCENT OF OBJECTIVES / 36
(S) VIID3 FOR ALTERNATIVES,.AVERAGE TEST SCORES . / 26

° VIIA3 STUbENT HISTORY REPORTS / 53
(I) 11E2- TEST ASSIGN.. EXCLUDES PREVJOUSI..Y TAKEN VERSIONS / 34

1 6

1 AND'X
2 3 if -Er

70 82 18 11

39 31 10 '10
37 35'. 9 4

43 45 8 .3
41. a2 6 11

82 58 27 16

MEANX

19 .2.34

:IQ 2.35
17 245
5 2.35

14 2.36
14 2.36

PF 1 & 2
RATINGS

.55

.60

..57

.55

.60

.60
84. °505 34 11 19.42..37 .60,
91, 58 29 13 15#-2.31 .60
38 28 12 11

41 32 10 9
47 39 11 2

38 37 12 7

77 64 34 '12s

76 64 22 16
66 65 26 15

85 60 33 14

35 34 12 10
30 35 10 11

77 50 22 25
85 54 23 12

30 6 11 102

39 29 10 12

73. 65 .25 13

60 72 36 12

35 33 1.1 13
38 40 17 3

70 76 27 12
17 22 12 15

\

10 2.37
12 2.37
9 2.37
9 2.38

13 2.40
29 2.40
29 2.40
12 2.41
10 2.41
14 2.41

25. 2.42
49 2.42
14 2.42
15 2.43
36 2.43
15 2.43
9 2.45
6 2.46

29 2,47
17 2,48

060
.59
.57

.56

,57

.57

.55.

,58
.56.
.54:
.60

159

.54

,58

.55

.52

55

.52

.52

.59



ass

ITEM

APPENDIX Dkr.CONTINUEb)

FREQUENCIES, CATEGORIES PROPORTION
1.- 5 AND-X OF.1 & 2

1 2 N3 4 5 X MEAN -ATINGS*

(I) IVA2. .PROFIC. AND DEFIC. SCORtS PRINTED OUT / 27 'Mb 5 11 10 13 2.48 .55
. .

VIIA3B °SCORES OA-ENTRY SKILLS / 59 77 74 24.'21 12 2.49 .53

.(1) IVA3 SCORES ON CRITICAL ENTRY VARIABLES PRINTED OUT / 32 II 37, 14 9 14 2.49 .51*

(S) VIIEl. *CAI, VLECTING EACH ALTERNATIVE / 20 42 44 il 5 8 2.50 .51

(I) IC1 . RELEVANT AF PERSONNEL DATA . / 32 32 41"*14 ':.9 9 1.50 , .50

(I). VIC2 RANDOMIZED QUESTIONS AND ALTERNATIVE / 23 42 27 14 ,' 9 22 2.51 .57.

IIIB GRADUATION FORECASTING / 57 71 54 28 22' 35 2.51 .55

VID2 CAI AUTH., FORMATS TEXT FRAMES AN4 QUESTIONS . / 41 74; 68. 28, 12 54 2,51 .54

oy vci cm: sTuDENT SKILL TRAI NG / 24 38 32 ,15 7 21 2.51 .53

(I) VIC1 AUTOMATIC FORMAT FOR TES QUESTION ENTRY / 22 36 37 11 7 24 2.51 .51

(4) VA5 CA1 FOR BLOCK REMEDIATI / 32 33 22 17 12 21 2.52 .56

VID4 CAI AUTH., COPIES FRAMES FROil OTHER LESSONS / 38 80 64 27 12 46 2.52 .53

VID3 CAI AU H., STRUCTURES SEQUENCE OF FRAMES / 39 70 66 27 10 55 2.51 .51

VID1 CAIAtJtHORING EDITOR, NOT TEAM WRITING / 40 72 65 .23 14 53 2.53 .52

VII67 R ORT, INSTRUCTOR UTILIZATION AND PERFORMANCE / 24 40 36 16 7. 7 2.53 .52

VIIK2E ME AHEAD OR BEHIND SCHEDULE 72 74 32 18 13. 2.53 .51

IC EASSESSMENT DATA CAN BE USER 4 56 66 75 26 19 25 .2.53 .50

(I) 1103 ISIGN TO BLOCK AND COURSE REMEDIATIOS / 32 36 28 /8 18. 15 2.54 .56
N

(I) IVA1 F AGGED ON ENTRY VARIABLES / 28 39 28 18 10 14 2.54 .54

(S) VIID5 I EM REMAINDER CORRELATIONS' / 20 34 42 15 3 16 2.54

(5) VIID8 ALPHA RELIABILITIES FOR OBJECTIVES AND TESTS / 23 27 40 13 5 22.-2.54

VID6 CAI AUTH., "HELPS" FOR WRITINQ PRACTICES , / 44 75 50 33 16 49 2.55 .55

(S) VIIB8 . REPORT, STUpENT TIMES AND GRADES BY BLOCKS / 22 40 33' 18 6 11 2.55 .52

-(S) VIIC COURSE NALTATION SUMMARY / 19 38 43 8 8 14 2.55

(S) VI106 MEAN AND SD OF SCORES BY OBJECTIVE AND TEST / 22 35 46 14 5 8 2.55

11184 DIRECT INTERFACE TO CRPO COMPUTER ' / 54 69. 43 40 19 42 2.56 .55*

(I) 1183 'ORDER BASED op RESOURCE AVAILABLLITY / 28 38 30 191 10 12 2456 .53

(I) VC2 . CAI: INSTRUCTOR SKILL TRAINING / 26 36 29. 15 11 20 2.56 .53

* A-13)nk in this column indicates that less than hilt' of the participa ts
.,:ratim iin.item assi§ned a,rating of 1 or 2.



ITEM

4

s

s.

APPENDIX D (CONTINUED)

V1E3 CAI AUTH., USE TO REVIEW/REVISE OFF-LINE flp
(1) IVB2_ MARGINAL TIMES AND SCORES PRINTED OUT

VIE- CAF-AUTH., USE_F0R-4OFF-LINE MATERIALS
IIB DETERMINE'ORDER OF ASSIGNMENTS

(I) IIG RESOURCE MANAGEMENT BY COMPUTtR !

(I) V1C3 CONTROL NO. OF ATTEMPTS PER QUESTION
(S) VIIC2 FINACTIMES AND SCORES
(S) VIIB6 REPORT,*RESOWE UTILIZATION
(1) IIBI ORDER BASED'ON LESSONS COMPLETED
(S) I1D ASSIGN :r0 ALTERNATE REMEDIATIONS

VIIA3C TfrMES'IN BLOCK REMEDIATION
VIIA4A ogDD'L REPORT: ABSENCE REPORT

c' (S) VIIE7 CAI, STAT. ON MAJOR UNITS OF A IPROGRAM
(0- IVB1 FLAGGED ON TIME AND SWE VAIABLES

VIIA3E ABSENCE TIMES AND REASONS; BY $LOCKS
(S) VIIB2 REPORT, STUDENTS BY BLOCK, ROOM,.OR BASE

VIEI CAI AUTH., FOR OFFrLINE TESTS
(I) 1182 ORDER BASED ON EARLIER PERFORMANCE

11185 GRADUATES: SCHEDULE OUT-PROCESSING'
(I) VA6 CAI FOR TEACHING STUDY SKILLS

VIE2 CAI AOTH., FOR OFF-LINE LESSON
(I) 1A3 WEIGHT QUESTIONS DIFFERENTIALLY

UM GRADUATION REPORTS TO CBPO
VC CAI: LEARNING PROCESS, SPECIAL.SKILLS TAG
VIA2 GRAPHICS FOR COMOE'STRUCTURE: DISPLAY
VIIA2F HOMEWORK ACCOMPLISHED .

ID ATTITUDES AND INTERESTS

FREQUENCIES CATEGORIEg pROPORTION
1 - 5 ANQ X OF 1-& 2

1 2 3 4 5 X 'MEAN WINGS*

LS / 40 84 63 .26

/ 31 31 35 .14
t/ 42 69 68. 29
/ 42 7§ 80 26
/ 26 31 40 11

/ 23 35 31 '13
,/ 16 47 40 14
/ 25 ,32 41 19
/ 30 30 41 12
/ 18 42 36 17
/ 53 64 82 42
/ 59 69 65 34
/ 21 27 56 14
/ 25 33 .42 '15
/ 53 67 74 35
/ 20 43 .36 17
/ 36 84 63* 27
/ 24 36 38 11

/ 53 58 55. 34
/-26 31 28 19

/ 36 82 60. 30
/ 22 41 34 8
/ 51 61 53. 38

43 62 75 .34
/ 45 53 76' 36
/ 54 59 '77 39
/ 47 58 79 38

* A blank in this column indicates that less than.half of
the participants rating-.an item assigned.a tating of I or 2.

19

13

14

17

11

11

7

7-
14

7

14

27

4

10

23
10

23

IS

26
12

-23

18

25
19

16

22

.18

35 2.57
13 2.57
45 2.57
23 2.58
It 2,58
24 2.59
6 2.59
6 2.60
10 2.61-
10 2.61
12 2.61

13 2.61

8 2.61
12. 2.62
15 2.63
4 2.63
34 .64
13 2

41 5

2 2.56
3 2.66
1 2:67
39 2:67
34 2.67
.41 2.67
16

27

2.67,,

2 68

.53°

.50

.50

.51

.51

.50

.50

.52



*APPENDIX D 1CONTINUED)

FREQUENCIES, CATEGORIES 'PROPORTION ,

1 OF 1 3 2
X MEAN RATINGS*ITEM'

,' 1 - 5 AND X
1 2 3 4 5

(S) VIIC1- FIRST ATTEMPT TIMES AND SCORES . i 15 39 47 15 8

(S) VIIC1O'FIRST ATTEMPT OBJECTIVE FAIL RATES' ,
/ 21 26 52 16 7

(1) VA4 CAI FOR,BLOCK REVIEW / 23 30 34 17 12

(S) ViIC8 SCORE DATA BY OBJECTIVES IN LESSONS / 20 28 51 17 7

(5) VIIC9 FIRST ATTEMPT LESSON FAIL RATES / ,20, 27 i1 17 7

IIC ASSIGN TO ALTERNATE LESSONS' , ,

, d 38 76 67 34 24

. (.1) 11182 REPORT: GRADUATES IN NEXT N DAYS
.

/ 25 33 26 17 16

; (S) VII.83 REPORT: DISTRIBUTIONS OF BLOCK TIMES / 18 28 52 22 '3

(S) VIIH3
-VIM

BASIC DATNRETRIEVAL PLYS,STATISTICS . / 13 ,27 44 13 5

(S) REPORT: DISTRIBUTIONS OF COURSE TIMES ,* / 17 _35 41 25 5

(S) VIIb5 SPECIACTY-RELATED DErICIENCIES / 20, 30 42 19 9

(I) IVA4 PREDICTED COMPLETION TIMES, PROFIC/DEFIC / 19 ...12 414 19 10

8 VB7 CAI: INTERFACE WITH CMI DATA'BASE , , / 43 '59 65 40 23

.-4 (S) VIIH2 BASIC DATA RETRIEVAL,,INTERACTFVE / 9 30 48 13 4

*12(I) IIG1 RESOURCE MGMT: ASSMNMENT TO,LEARNING CENTERS / 22 27 45 .16

(S) VIM,2'SUMMARY, FAIL RATE ABOVE X PERCENT / 18: 29 52 711 12

, (S) VIIE6 CAI, RECORD STUDENT PATH THROUGH LESSON / 17 29 47 21 6
(1) IIC4 IN-COURSE PERFORMANCE DETERMINES ASSIGNMENT / 28 28 31 17 -1,9

(S) VIIE2 CAI, SELECTING BY ATTEMPT-NUMBER A 'it 15 32 47 21 6

VB2
VB6

CAI, ADD GRAPHICS C BILITIES
et"CAI-, CONTROL OF S E, FILM PROJECTOR"

/

/

39
45

71 ,.63

60 64
37
45

29

25

(S) VIfB1 REPORT, STUDENTS WAITING TRAINING 1 21 .31' 41 20 12

('S) VIIG PERFORMANCE FORECAST REPORTS TO FIELD / 20 28 43 22 9

(I) II1C4 MANAGEMENT TARGETS FROM WITHIN-COURSE DATA /21 26 38 18 12

(I) 1184 . oRpER BASED ON TEAMING CONSIDERATIONS . . / 21 34 24 14 19

(I) VA? CAI TUTORIAL / 29 22 28 22 *14

. * A blank in this column-tndiOtes th4 less than half of the
participants rating au item assigned a rating of 1 or 2.

6 "2.69
8 2.69

21, 2.70
7 2.70
8 2.70'

28 2.7i

20 2..71

7 2.71

28 -MI
7 2.72
10 2.73
16 2.74
37 .2.74
26 2.74
15 2.75
8 2.75
10 2.75
14 '2!4.16

9 2.76
28 -2,77
28 2.77f
5 2.77
8 2.77
23 2.78
25 2.79
25 2.79

/

123



'ITEM

APPENDIX D (CONTINUED

.FREQUENCIES, CATEGORIES PROP6RIION
I - 5 AND X OF I & 2

1 2 3\

V85 CAI, CONTROL OF AUDIO-TAPE PLAYER / 41 59 66
VIA1 ON-LINE CM' DATA BASE EDITING / 36 46 46
VIIA4B ADD'L 'EMIT: HOMEWORK SUMMARY 1 / 44 57 87

.(S) VIIF COURSEWARE DEVELOPMENT MANAGEMENT REPORTS / 17 27 47
(I) IIC1 INSTRUCTOR-ASSIGNS ALTERNATES / 15 39 36

1

. (I) 11181 PREDICTED GRADUATION' DATES ON ROSTERS /.23 31' 30
(I) IDI PRE'AND POST'ATTITUDES / 22 28 38

VIIA3A ATTITUDE AND INTEREST INFORMATION
.

/ 43 59 78
'IA ASSIGN TO ALTERNATE COURSE VERSIONS / 40 63- 66

(I) IIC5 PRE-COURSE MEASURES DETERMINE ASSIGNMENTS / 23 28 37
(I) 184 ON-LINE, CONSTRUCTED RESPONSES / ,a9 21 29
(I) IIC3 RESOURCES DICTATE ALTERNATEASSIGNMENTS / 23 25 39..4

,S03 (S) VIIE4 CAI0 LIST UNANTICIPATED RESPONSES - / 13 27 51
(S) VIIE5 'CAI, OPEN-ENDED STUDENT COMMENTS / 13 27 55.
(S) VIIG1 PRE-StRVICE EDUCATION-OR VOCATIONAL TRNG /- 14 32 45
(I) ID2 WITHIN-COURSE ATTITUDES AND INTERESTS / 23 26 40

IIE TESTS SELECTEE) AND ASSIGNED / 35 55 $4
.(I) 11E1 TEST.ASSIGNMENT AT RANDOM / 20 36 29

IIIC MANAGE STUDENT-JO TARGET / 27 66 90
(S) VIIG4 IN-SERVICE TRAINING PERFORMANCE DATA / 15 26 45
(I) VA1 CAI DRILL AND PRACTICE /'23 23 26'

V83 CAI, ADD CONSTRUCTED RESPONSES
- / 33 60 70

(5) VIIC11 CORRELATIONS, ACTUAL WITH PREDICTED TIME, SCORE / 15 23 58
(S) VIIG3. AF PERSONNEL .DATA - ASVA8, ETC. / 17 32 39
(I) VA3 CAI SIMULATION : / 23 19 25M VIIE3 CAI, TIMES TO READ AND TO RESPOND

,,- -/ 11 27 49
(I) 4IIC1 MANAGEMENT TARGETS PRINTED FOR ENTIRE COURSE / 18 27,37

* A blankin this column indicates that less.than half of the
participants rating an item assigned a rating of 1 kilr 2.

121

4 5 X 'MEAN RATINGS*

41 26 34 2.79,

39 18 62 2.79
36 28 15 2.79
18 9 12 2:79
21 12 14 2.80
14 20 19- 2.431

24 13 .12 2.82
45 27 15 2.82
33 35 30 2.83
14 20 15 2.84
16 23r 19 2.85
19 17 14 2.85
20 8 11 2.85
17 9. 9 2.85
26 8 5 -2.85
19 18 11 2.87
39 27 27 2.87

-18 '21= 13 2.87
32 28 24 2.87
26 7 11 2.87
16 20 29 2.88
43 27 34 2.88
15 12 7 289
18 17 7 2.89
23 16 31 2.91
26 6 11 2.91
21 16 18 2.92

. 4..



ITEM

APPENDIX D (CONCLUDED)

FREQUENCIES, CATEGORIES PROPORTION
1 - 5 AND X OF 1 & 2

1 2 3 4 5 X .MEAN RATINGS*

i

VSY -IfC6. MEAN, SD FOR LESSON & BLOCK COMPLET. TIMES. y 13 29,,413 25 10

5) VIIG2 PRE-SERVICE OCCUPATION & JOB EXPERIENCE -/ 16 28 44 26 12

I) 165 ON-LINE, ADAPTIVE WITHIN TEST / 21 28 30, 14 24

(S) VIIH1 BASIC DATA RETRIEVAL, GACKGROUND,MODE / 7 -'24 4.8 19 6

(I) 1163 MANAGE RESOURCES ACROSS LEARNINGCENTERS / 16 %26 '39 15 19

(S) VIIC4 MEAN, SD FOR FINAL LESSON AND BLOCK SCORES /*12 27 47 25 10

(S) VIIC5 MEAN, SD FOR 1ST ATTEMPT,LESSON,,,,6LOCK SCORES / 12 26 48 24 10

V64f )apd, ADD TOUCH PANEL OR LIGHT PEN '. / 31 57 53 51 30

(S) VI1C3 MEAN, SD: 1ST ATTEMPT TIMES ANDSCORES i / 12- 23 52 24 9

(t) IIC7 PERFORMANCE PREDICTION DETERMINtS ASSIGNMENTS / 18 24 37 20 la

(I) IIIC2 MGMT. TARGETS PRINTED FOR INDIVIDUAL TLOCKS,' / 19 18 42 20 16

,(5)''VIIC7 SCORE AND TIME DATA BY LESSON. ALTERNATES / 13 20 :57 18 12

(I)' 1185 ORDER SELECTED BY INSTRUCTOR '' 7 13 34 37 15 21-

CD (S) VIIG6 PREDICT ADAPT, PEAFORMANCE IN fIELD ASSIGNMENT / 17 22* 45 ,21 16
to-

(I) IIG2 RESOURCES:'ASSIGN, TO OPTIMIZE ACROS. BLOCKS / 15 28. 40 23 18

(I) 11E3 ASSIPMENT TO ON- OR OFF-LINE TESTS- ,
/ 19 19 37 25- 17

(I) IIIC5 MGMT. TARGETS, RELATIVE TO AVERAGE CRSE. LENGTH / 15 18 43 20 15

(6) VIIB5 REPORT PERFORMANCES BY ROOMS OR BY BASES / 14 25--40 28 14

(I) 163 ON-LINE, RETEST OVER FAILED 04JECTIVES / 25 ?5 25 17 31

(I) 1IIC6 MGMT. TARGETS, RELATIVE TO POI LENGTH / 14 13 45 26 10

, (I) 1.66- ON-LINE, ADAPTIVE ON tOURSE PfRFORMANCE. / 18 27 32 14 28

.(I) IA7 SCORE PERFORMANCE CHECKLISTSi / 29 16 31 15 34

(I) II1C3 MGMT. TAGETS BASED ON PRE,COURSc,DATA- , / 16, 14 41. 25 15

V61 CAI', BASIC CAI CAPABILITIES /-21 34 87 57 34

(I) IA2 CORRECT SCORE FOR'GUESSING / 18 18 30 *20 28

(I) IA8 INSTRUCTOR CAN.CERTIFY LESSON PASS / 14 22 27 20 32

. (I) IA6 PASS SPECIFIC QUESTIONS / 18 17 -32 20 35

(I) IIC6 HEURISTIC RULES FOR ASSIGNMENT SELECTION / 5 24 41 23 26

.(I) IIC2 STUDENTS SELECT "DESIRED ALTERNATIVfS / 10 11 32 26 44

* A blank, in this column indicates that less than half of the

participants rating an item assigned a rating of 1 or 2.

10 2;12
4. 2.92
20 2.93.
26 2.93
22 2.95
9 2.95

,10 2.95
45 2.96
10 2.96

20 2.97
22, 2.97

10 2.97
17 2.98
.9 2.98

13 3.01

20 3.02*
26 3.02-

9 3,02

14 3.03
29 3.05

18 3.06
12 3.07
26 3.08
24 3.18
'23 3.19
22 3.30
15 3;30

18 3.34
14 3.67



-SURVEY OF CAI/CMI FUNCTIONS--

'Listing of functions and mean ratipgs from Air Forte training other than resident technica : Field
training detachinents/on.:the-job training (FTD/OJT); Undvgraduate Navigatrir Training ;UNT) Air
University (AU); and HQ ATC DO, Pilot Training (PT).

Itemi are designated as (I), (S), or blank. The (I) it..ems appeared only on the instructor survey
,form; the (S) items appeared only on the supervisor forms; and the blank items-appeared on 66 inz
structor and supervisor forms.

One supervisory,participailt from Atc HQ DO (Piiot Training) reOresented the yiews of ihit organ-
, ization. The paiAticipants from Air University were all supervisory personnel. Feom these locations,

there are no ratings for the items which were only on the instructor survey form.

'MEAN RATINGS
FUNCTION ./ FTD/OJT UNT PT AU

I - STUDENT TESTING AND EVALUATION ####40##############P############################################
IA TEST SCORING.AND FEEDBACK . /

(I) IA1 RIGHT-WRONG WITH PERCENT CORRECT /

(I) IA2 CORRECT SCORE FOR GUESSING
(I) IA3 WEIGOT QUESTIONS DIFFERENTIALL/
(I) IA4 PASSTERTAIN PERCENT OF OBJECTIVES -

(I) IA5 PASS SPECIFIC OBJECTIVES fp

(I) IA6 . PASS SPECIFIC'QUESTIONS
(I) IA7 SCORE PERFONANEE CHECKLISTS
(I) IA8 INSTRUCTOR CAN CERTIFY LESSON PASS
(S) 1B ADDITIONAL ON-LINE TEST cApABILITIts
(I) IB1 ON-LINE, RANDOM QUESTION ORDERS
I) 182 ON-LINE, RANDOM ORDERS OF ALTERNATIVES
I) 183 ON-LINE, RETEST OVER FAILED OBJECTIVES
I) 184 ON-LrNE, CONSTRUCTED RESPONSES
(I) 185 ON-LIAE, ADAPTIVE WITHIN TEST A

(I) 186 ON-LINE, ADAPTIVE ON-COURSE PERFORMANCE

/.

/

/

/

/

/

/

/

A
/

/

/

/

/

2.08 -N. 2.33. 3.00 2.29
2.42 1.50
2.17 4.00
2.33 2.50
2.08 2.00
2.00 1.00

2.50,3.00

2.83 2.00
2.58 .3.50

2.62 2.38. '3.00 2.89
2.17 2.50
2.25 240
2.58 LBO
2.83 2.50[

2.90
2.58

.2.00
2.50

t

a29



APPENDIX E CONTINUED)-

FUNCTION

IC PREASSESSMENT DATA CAN BE USED
(0 IC1 RELEVANT AF PERSONNEL DATA
(I) IC2 PRECOURSE KNOWLEDGE1.ESTS
-(I) IC3 LEARNING PROCESS SKILLS
oy IC4 COURSE-SPECIFIC ENTRY SKILLS

Ip ATTITUDESAND INTERESTS
IDI PRE AND POSTATTITUDES

(I) 102 MITHIN COURSE ATTITUDES AND INTERESTS

II - STUDENT ,ASSIGNAENT ###########################

IIA ASSIGN TOALTERNATE COURSE VERSI.ONS
I'm DETERMINE ORDER OF ASSIGNMENTS

(I) 1181 ORDER BASED ON LESSONS COMPLETED
(1) 1182 ORDER BASED ON EARLIER PERFORMANCE
(I) 1183 ORDER BASED ON RE$OURCE AVAILABILITY
(I) 1184 ORDER BASED ON TEAM CONSIDERATIONS
(I) 1185 ORDER SELECTED BY INSTRUCTOR

IIC ASSIG4 TO ALTERNATE LESSON TREATMENTS
IIC1 INSTRUCTOR ASSIGNS ALTERNATES

(I) ItC2 STUDENT SELECTS DESIRED ALTERNATES
(I) IIC3 RESOURCES DICTATE ALTERNATE ASSIGNMENT
(I) IIC4 IN-COURSt PERFORM. DETERMINES ASSIGNMENT
(I) IIC5 PRE-COURSE MEASURES DETERMINE ASSIGNMENT-
(I) 1106 HEURISTIC RULES FOR ASSIGNMENT SELECTION
IIYIIC7 PERFORMANCE PREDICfION DETERMINES ASSIGNMENT
(S) ITO ASSIGN TO ALTERNATE REMEDIATIONS

I N TO ALTERNATE LESSON GRPS REMEDIATION
(I) IID1 TO ALTERNATE LESSON REWDIATION
(I) 1102 ASS
(I) 1103 ASSI N TO BLOCK OR COORSE REMEDIATIONS

IIE TESTS SELECTED AND,ASSIGNED
(I) IIEI TEST ASSIGNMENT AT RANDOM
(I) 11E2, TEST ASSIGN PCLUDES PREVIOUSLY TAKEN TESTS

##

130

MEAN RATINGS
FTD/OJT UNT PT AU

/

/

/

/

/

/

/

/

3,35
2.75
,2,58
-2.50

2,42
3.05
2.58
2.67

3.17
3.00
.2.50

, 100
2,00
3.42
2,50,

2.00

4.00

.

2.59

########### ###################################

I.

/'

/

1 A

/-

/

/

/

/

/

.1
/

/

/

/

/

/

/

2,98 2.58 3.00 3.39
2.97 242 3:00 3.50
2.83 2,00
2.67
2.50 1.50
2.95 2.09
2.83 1.50
3.00 1.92 2.00 3,69
3.20 2.00
3.35 3,00
2.95 -3.00
2.85 1.50
2.65 -31.00

2.60 4.00
2.75 j.50
-2.85 2.50 3.00 3.29
3.08 4,00
2.67 3.-50

2.92 3.50
2.08 1.00 2.00 3.89
3.33 4.00
3%17- 2.50

131



FUNCTIQN

APPENDIX E eCONTINUED)

(I) JIE3 ASSIGNMENT TO ON- OR OFF-LINE TESTS
. IIF ASSIGN. TO SUPPLEMENTARY SKILL TRAINING ON ENTRY
(I) HU ASSIGN. SUPPLEMENTARY TRAINING BASED ON ENTRY SKILLS
(I) IIF2 ASSIGN SUPPLEMENTARY TRAINING ON LEARNING SKILLS
I) IIG RE$OURCE MANAGEMENT BY COMPUTER
I) IIG1 RESOURCES: ASSIGN TO LEARNING CENTERS
I) IIG2 RESOURCES: ASSIGN TO OPTIMIZE ACROSS BLOCKS
I) 11G3 RESOURCES: MANAGE OUTSIDE LEARNING CENTER

1\)

132

III - STUDENT PROGRESS MANAGEMENT

SCHEDULE STUDENT ENTRIES TO COURSE
GRADUATION FORECASTING
PREDICTED GRADUATION DATES ON ROSTER
GRADUATES IN NEXT N DAYS, LISTED ON REPORT
GRADUATION REPORTS FOR CBPO .

DIRECT INTERFACE TO PERSONNEL SYSTEM
GRADUATES: SCHEDULE OUTTPROCESSING
MANAGE STUDENT TO TARGET
MANAGEMENT TARGETS PRINTED FOR WHOLE COURSE

VIET METVIZIEE8 FR 'MTN BALOCP1SN E-
MANAGEMENT TARGETS, FROM WITHrN-COURSE DATA
MANAGEMENT TARGETS RELATIVE TO AVERAGE COURSE LENGTH
MANAGEMENT TARGETS, RELATIVE TO P01 L GTHS

.

/

MEAN RATING
FTD/OJT UNT

3.20 3.50

P

/ 2:76 2,67 4.00 3.39
/ 2.25 1.50

/ 2.80 2.00
/ 2.35 2.00

/ 3.20 2.00
/ 3.45 2.00
/ 3.30 1:50

/ 3.12 2.00 -:- 4.33

I. 3.05 3.17 '5.00 4.33
/ 1.50
/ 2.67 1.50
/,. 2.77 3:44 5.00 411
/ 2.69 .3.33 5.00 3.88
/ 3.15 2.63 -- 4.22
/ 3.22 3.33 5.00 3.59
/ 2.67 2.00

/ 3.00 2.00
/ . -3.00 4.00
/ 3.03 2.50
/ 3.00 2.00
/ 3.00 2.50

IV - SUPPORT FOR'GUItiANCE AND CO4NSELING #############W###############################/#######

IVA
(I) IVA1

(I) IVA2
(I) IVA3
(I) IVA4

IDENTIFY STUDENTS NEEDING SPECIAL ATTENTION
FLAGGED ON ENTRY VARIABLES
PROFItIENCY ANQ DEFICIENCY SCORES PRiNTED
SCORES ON CRITICAL ENTRY VARIABLES PRINTED -
PREDICTED COMPLETIOOTIMES, PROFICIENT-DEFICIENT

S.

/

/

/

/

/

3.03
2.92

2.67
2.58 -
3.00

2.38 --

4.00
4.00
3.00
4.00

2.79

1:).3



APPENDIX C (CONTI-N*)

.FONFION.,

MEAN RATINGS
FTD/OJT UNT ,.. PT AU

IVBA: IDENTIFY-MARGINAL PERFORMANCE IN COURSE 2.91 2.25 3.00 3.409

(I) IVB1 .FLAGGED ON TIME AND SCORE VARIABLES 2.67 1.50

(I) IVB2 MARGINAL TIMES AND SCORES PRINTED OUT 2.75 2.00

(I) IVB3 FLAGGED FOR ELIMINATION FROM TRAINING 2.83 2.00

(1) I184 FLAGGED'FOReSPECIAL REMEDIAL TRAINING 2.67 3.00

V - COVAITER,AIDED INSTRUCTION (CAI) ################ #441#############################################

VA
. (I) VA1

(I) VA2
03

I VA5
VA4

I VA6
(VB

VBI

VB2
VB3
11B4

VB5
VB6

VB7
VC

(I) VC1
(I) VC2 CAI FOR INSTRUCTOR SKILL TRAINING

CAI APPLICATIONS, TRAINING AND TESTING
CAI DRILL AND PRACTICE
PtA/ TUTORIAL
gm SIMULATION (LIMITED'CAPABILITY)
CAI- FOR BLOCK REVIEW
-CAr-FOR BLOCK REMEDIATION
*CAI IOR TEACHAG STUDY'SKILLS -
.CAI CAPABILITIES)

2.87
3.08
2.83
,2.92
2.75
2.92
3.42

3.12
3.12

2.85
3.17
2.82
2:83
2.93

/ 3.05

/ 2.58
2.75

CAI: BASIC CAI CAPABILITIES
BASIC CAI PLUS GRAPHIC CAPABILITIES
BASIC ChI PLUS CONSTRUCTED RESPONSE CAPABILITIES
BASIC CAI PLUS TOU(H PANEL ORI.IGHT PEN
BASIC CAI PLUS CONTROL OF AUDIO TAPE PLAYER

hus CONTROL OF SLIDE, FILM PROJECTOR'.
BASIC PLUS-INTERFACE WITH THE 'CM DATA BASE
CAI FOR TRAININGON LRNG PROCESSES, SPEC SKILL
CAI FOR STUDENT SKILL TRAINING.

VI - CMIOATABASE AND CAI MATERIALS PriODUCTION AND MAINTENAN

eVIA CMI COURSE DEPINiTION DATA BASE EDITING)

134

2.42 2.00 3.00
4.00
'1.0Q

1.50
1.00
2.00

*.2.50

E ##############

3.58 5.00 3.11

2.89 4.00 3.44
2.67. 3.00 3*66
2.44 3.00 -3.88

3408 3.00 3.44
,2.33 2,00 3.55
2.25 2.00 3.77

MO '3.00 -3.00

2.60
3.50

###########11# ## #####

VIA1 ON-LINE CM' DATA BASE EDITING / 3.05 2.33 1.00

VIA2, GRAPHICS FOR COURSCSTRUCTURE DISPLAY / 2.73 2.22 2.00
3.19
3.22

135



FUNCTION

YIB
S) VIC

WVIC2
(I)NIC3
(I) VIC4

(VID

.VID1

VID2
VID3
'VID4

VID5_

vit)#

VIE
VIEI

.

VIE3
VIE4
VIE5
VIES
VIF

APPeNDiX E (CONTINUED)

MEAN RATINGS
/ FtD/Oji UNT PT AU

AUTOMATIC VALIDATIONPF COURSt DATA BASE'
EDITORS FOR PRODUCING ON-.LINE TETS
AUTOMATIC FORMAT.FOR ENTRY OF TEST QUESTIONS
RANDOMIZED QUESTIONS AND ALTERNATIVES
CONTROL' NUMBER OF ATIPPTS PER QUESTION
FEEDBACK FOR RIGHT, WRONG,,IF DESIRED
CAI AUTHORING EDITOR)

PROVIDE AUTHORING EDITOR, NOT TiAM WRITING
-AUTH. EDITORfORMATS TEXT FRAMES, QUESTIONS
AUTH. EDITOR STRUCTURES SEQUENCE OF FRAMES
AUTH, EDITOR COPIES FRAMES FROM OTHER:LESON
AUTH. EDITOR HAS USER."HELP" INSTRUCTIONS .

AUTH. ED.. HAS "HELPS" FOR WRITING PRACTICES
USE AKA!' EDITOR FOR OFF-LINE MATERIALS-
USE AUTH: EDITOR FOR OFF:LINE TESTS
.USE AUTH. EDITOR FOR OFPLINE LESSONS'
-AUTH, EDITOR TO REVIEW.,, REVISE OFF-LINE MATERIALS*
PRINT MASTER COPY fOR OFF-LINE MATERIALS
PRINT MULTIPLE COPIES FOR TRYOUTS
CONDUCT-ON-PLINE TRYOUTS
USE. EDITORS FOR COURSE DOcUMENTATION.

/ 2,25
/ 3.02
/ 2.45
/ 2:35
/ 2.50

?.25

2.17 2.00 2.69
2:88 3.00 . 2.89-

2.00
2.50
2.50
2.00

2.66 . 2.55
/ .2.72 2.67
/ . 2.67 2.78
/ '2.74 2.25
/ 2.62 2.17
/ 2.17
I. 2.71 3.42
/ 2.88 3.67
/. 3.02' 3.25
/ 2.84 3.17
/ 2.74 :20.92

/ 2.80. COO
/ 2.86 3.67.

/ 2.64. 3.25.'

1.00 2.44
2.00 2.66
2.00'. 2.65
2.00 2.77
.2.4 2.33
'2,00 2.77
4.00 2,62
4.00 2.66
4.00 2.88
4.00 2.33
4.00 1:77
4.00- 3.11
4.00 2.55..

4.00 2.44

VII - INFORMATION RETRIEVAL AND REPORTS ########## ## ############################################

VIIA REPORTS.FOR,INSTRUCTORS / 2.70 2.50 -3.00' 2.72-
VIIA1 LEARNING.CENTER ROSTERS. 3.11 3.00 4,00 3.27
VIIA2 'BLOCK PROGRESS REPORTS

. / 2.93 2.08 3.00 3.59
VIIA2A LESSONS STUDENT HAS COMPLETED 3.19 2.33 3.00 3.44
VIIA2B ATTEMPTS ANB-SCORtS ON LESSONS 3.02 2.25 3.00 3.66
-VIIA2C OBJECTIVES FAILED IN BLOCK 2.92 2.08 ' 3.00 2.77
VIIA2D TIME ON LESSONS AND ON BLOCK / 3.10. 2.83_ 4,00 3.77
VIIA2E TIME AHEAD OR BEHIND SCHEDULE / 310 2.33 3.00 4.00
VIIA2F HOMEWORK ACCOMPLISHED / 3.22 2.13 3.66 137



FUNCTION

3.
4'0

VIIA3 STUDENT' RISTORY REPORTS
VIIA3A ATTITUDE AND INTEREST INF0RMATION
VIIA38'SCORES ON ENTRY SKILLS
VIIA3t TIMES 4N BLOCK REMEDIATION
VIIA3D OBJECTIVES FAILED MORE THAN ,TWICE
4VIIA3E ABSENCE TIMES AND REASONS, BY BLOCKS
VIIA#A ADDITIONAL REPORT: ABSENCE REPORT
VI IJOB la1DITIONAL REPORT : HOMEWORK SUMMARY
VIIA4C ADDITIONAL REPORT: ON-LINE OISPLAY STUDENT DATA

MEAN RATINGS'

/ ETD/OJT UNT PT

4

AU

/ 2.90 3.33 4:00 3.50
/ 3.05 4.13 -- 2.63
/ 2.81 3.33 4.00 3.29

' 3.14 . 3.00' 3.00 4.33

/ 2 466 2.42 4 3.00 2.80
/ 3.17 -3.00 -- 4.11'
/ 3.24 3.58 4.00 4:39
/ 3.21 3.75 4.00 .3.6

/ 3.02 2.50 3.00 2.'90

(VMB* TRAINING MANAGEMENT REPORTS) ** . *** ............

(S) VIIB1 REPORT, STUDENT AWAITING TRAINING

($) VII82 REPORT.*STUDENTSs BY BLOCK, ROOM, OR BASE

(S) VIIB3 REPORT, DISTRIBUTION OF' BLOCK TIMES

*** a ***** ***

/ 2.78
/ 3.17

S) VIIB4 REPORT, DISTRIBUTION OF COURSE TIMES . / 3.11

S) VII85 REPORT, PERFORMANCES BY ROOMS OR' BASES - 3.00

S VII86 REPORT, RESOURCE UTILIZATION , 2:94

S VII87 REPORT, INSTRUCTOR UTIMATION-PERFORMANCE 2.70,

S VII88 REPORT, STUDENT 'TIMES, GRADES BY BLOCKS /* 2.79 '

S VI IC COURSE EVALUATION .SUMMARY- 3.02

S VIIC1 FIRST ATTEIMPT.TIMES4 SCORES, / 3.20

S VIIC2 FINAL TIMES, 'SCORES* , / 3.16

S) VIIC3 MEAN, SD, 1ST ATTEMPT TIMES AND SCORES / 3,35 *

S) VIIC4 MEAN, SD, FINAL LESSON, BLOCK SCORE§ / 3.35

S) VMS , MEAN, SD, 1ST ATTEMPT LESSON, BLOCK TIMES .
/- 3.38.

S) VIIC6 MEAN, SD, LESSONf BLOCK COMPLETION TIMES . / 3.29

S VIIC7 SCORE, TIME DATA BY'LESSON ALTERNATES' / 3.26

S. VIIC8 S8ORE DATA BY OBJECTIVES IN LESSONS / 3.08

S VI IC9 FIRST ATTEMPT LESSON FAIL' RATES , 3.20 -

(S) VI IC10 .FIRST ATTEMPT OBJECTIVE FAIL RAMO 11.15

(S) VIIC11 CORRELATIONS, ACTUAL/PREDICTED TIME, SCOIIE 3.36

(S) VIICI2 SUMMARY, FAIL RATE ABOVE "X" PERCENT
-

. .2
3.25 3.00 4.11

2.88 3.00 4077
2.75 -- 49071i

31.13 3.b0 3.19
2.88 3.00 3.59
2.88 3.00 3.50
3..00 3.0Q 2.79

42.75 3.00 . 3.44
2.88 3.00 3.88
2.63 1.00 2.90
2.75 3.00 3.69
2.75, 3.00 3.50
2.88, 3,00 3.88-
2.84 Ah: .3.00 3.77
2.88w 3.00 4.22

.24,63 3.op % 3,19
2188 3.00 .4.

;35 3400 #36.77

s2.75 3.00 ... 4.33t

2.75, 3.00 '''' 3425



FUNCTION

,

5) 'RID TEST ITEM EVALUATION REPORT
S) VIID1 TIMES EACH ALTERNATIVE IS SELECTED
S VIID2 TIMES EACH QUESTION IS ANSWERED CORRECTLY

1

S VII03 FOR ALTERNATIVES, AVERAGE TEST SCORE
S VII04 FLAG ALTERNATIVES MISSED BY X% OR MORE
S VIID5 ITEM REMAINDER CORRELATIONS
S) VIID6 MEANIcSD SCORES BY OBJECTIVE, AND TEST
S) VIID7 DISTRIBUTIONS Of SCORES-ON TESTS
(S) VII08 ALPHA RELIABILITIES FOR OBJECTIVES; TESTS
(1S) VIID91ELIABILITY COEFFICIENT FOR OBJECTIVES, TESTS

(VIIE CAI EVALUATION DATA) ....... .........
S) VIIE1 CAI, % SELECTING QUEMpl ALTERNATIVES
S) VIIE2-CAI, % SELECTING BY ATTEMPT NUMBER

VIIE3 CAt, TIMES .TOAEAD AND TO RESPOND
VIIE4 CAI, LIST UNASICIPATED RtSPONSES
VIIE5 CAI, OPEN-ENDER STUDENT COMMENTS '
OIE6 CAI? RECORD STUDENT PATH THROUGH LESSON
VIIE7 CAI, STATISTICS .ON MAJOR UNITS OF PROGRAM,
VI1F COURSEWARE DEVELOPMENT MANAGEMENT REPORTS
VIIG PERFORMANCE FORECAST REPORTS ,TO FIEtD
XIIA:PRE-SERVICE EDUCATION, VOCATIONAL TRAINING
VUOUPRE-SERVICE OCCUPATION, JOB EXPERIENCE-
W03 Af PERSONNEL RECORDS DATA - ASVAB, ETC.
VIIG4 IN-SERVICE TRAINING PERFORMANCE DATA .

VIIG5 SPECIALTY-RELATED DEFICI,ENCIES

VIIGO PREDICT PERFORMANCE IN frELDASSIGNMENT
(vIDR SPECIAL PURPOSE REOORTS)

) VIIH1' SPfC1AL REPORTS-BASIC DATA RETRIEVAL, BACKGROUND
(S) VIIH2SPECIAL REPORTS-INTERACTIVE RETRIEVAL
(S) VIIH3 SPECIALREPORTS-,REMIEVAL,WITH VATISTICS

MEAN RATINGS

i$ 2.97 4.00
/ 3.08 3.00
/ 2.99 3.13
/ 3.49 3.00,
/ 2.94 2.50
/ 3.21 2.88

3.27 *2.88

/ 3.05 2.75*
/ 3.04 3.00
/ 3.23 2.75

/ FTWOJT UNT PT AU_

......... *0 *** * * * ** *** S

663.20
/

/, 3.29
/ 3.29
/ 3.12

*/ 3.13
./ 3.35
./ 3.31'

/ 3.15
/ 3.20

/ 3.38
/ 3.36

/ 3.11
/ 2.90

3.21 2.25'

3.07 1.63
3.47 2'.25

3.00
3.13
3.00
2.88
2.88
2.88
325

. 2.50
2.50
4.00
3.75
3.25'
3.13

^

3.00
3.30
3.00
3.00
3.00
3.00
3.00

1M1

3 00
.3.00
3.00
3.00
3.60
3.00

stow

*M.P.

3.00
3..00

2.00
-1.00
2 c00

2.4.

2.11

2.2i

2.11
2.0C
3.12
2.09
2.63
2.66
2.55

.3.00
3.44
3,66
3.33
3:00
3.79
3.33
.3.11

4.1,1

4. I:

411%.0f,

2.75:

2.72



t.

S.

APPENDIX F

Summary Of interview results Oom Air Force trp ing: Eittention Course Institute (ECI) Field Train-ing Detachments (FTD); On-The-Job Training tOJT) Undergraduate Nav(igator Training (UNT); and Under-grOuatenlot,--Trai-n-i-ng-(OPTI.

An X indicates that a program exftessed a need for a particular function. Category 1 functions are,already provided by.the low-cost system, Category 2 functions require that minor modifications oradditions be"Made to the low-cost system, and Category 3 functions are those which would require con-siderable modification or addition to the low-cost system.
altior

I - STUDENT,TESTING AND EVALUATION (INCLUDING CERTIFICATION*AND QUACIFICATION)
SUMMARY: Most of the capabilities mentioned below are already included in. thespecifitation for thelori-cost CAI/CMI system. Item.14 below.yould require minor software modification toaccommodate coding to STS, SkilrLevel, and CDC voluMe. Item 15 requires interface betweena wide range of training programs and locations, and should be investigated as the inter-face between the low-cost system and other AF computer based systems is being defined,

FUNCTION / ECI FTD OJT UM' °. UPI icATEGORY
1. On-line test item development and modification X X X *, X2. Computerized storave of comprehentive test item banks . X X X X3. Association of.individual identification with training

profile and next test
X X4. Verifitation of student eliglbility for test X X5. 'Computer generation of next required test (including

retakes)
X X X6. Test securfty
X X X X7. Remote, on-line testing capability X X X8. . Adaptive, branch testing'capability

Rapid student access to required test $

10. Rapid feedback of test iftesults to student and supervisor...
X,

X X X11-. ,Rapid distribution oftest results.and training
. comp.letions

; , - X° x x12 Conttnuous test, I tem analysi s añd ieed6ack X X X X13. MainteniWttfage)%of test data

a
X X X X

r40 a

X 1

1

X

1

1

1

*1

1

1

1

"1\
X%

*X -1
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APPENDIX F (CONTINUED)

FUNCT ION

14, Computerized coding of test
AFSC and CDC volume

15. Computerized elimination of
items between AFSCs

A

/ \ECT FTD OJT UNT UPT /CATEGORY

items to STS Skill Level,

duplicative, generic test

2

,

II - STUDENT ASSIGNMENT
4

SUMMARY: Items 3 and 4 below wOuld require Minor modNication to the low-cost system, and would entail

much careful wdrk by training personnel to provide the necessary-fdefiniptions and class

ifications so Oat these capabilities would be b4sed on accurate and complete informatiOn-.

1. Assignment of required training event, module, or volume

2. Assignment of best available remedial material/resources

3. ,
#Identify available/applicable study material in response

tO student request
4. Preclude duplicative, redundadt training

X X X

1

2

III - STUDENT PROGRESS MANAGEMENT
. SUMMARY: Items 1 through 7 are included in the low-cost,system. Items 8 through 13 involve interface

with other programs or computer based systems, and should be planned as.part of-that inter-
, face.

1. . Associate individual identificatjon with tØining

profiles
2. ' Provide training profile security
3. Provide individual procedural instructions
4. Establish individual progress goals/suspenses

S. Notify of inadequate progress and/or missed suspenses

6. Identify remedial needs on basis of tést/qualification/

certification results ,

7. On-line student sign-in/sign-out (includes flying,

simulators, trainers) .

4

8 Continual assessment of individual training/education
requiremefts, based on:
Civi,jian education and/or occupation(s)

4

X

X

1

1

1

1

X X 1

1

4



APPENDIX F (CONTINUED)

FUNCTION

In-service training and/or education-
AFSC, Skill level, and STS
Qualification and certification requirements

9 Verification of individual Iligibility for self-
reqdested training

10. Verification of individual eligibili.ty for
computer-assigned training -

IL Establish earliest and latest dates for retake
of tests

12. Establish-and notify of qualificatiiin/
certification suspenses

13 Prepare local training schedules (interface with
'host base maintenance schedule, provide weekly
academic, siwulator and flying schedules which can
be adjusted daily for weather or maintenance aborts
and test or flight check failures

ECI -go OJT UNT UPT /CATEGORY

it

X X X
X X:

X

X

X 3

3

3

3

3

3

X

X X

3

IV - SUPPORT.FOR GUIDANCE AND COUNSELING
SUMMARY: Minor modification needed to software to provide Item lbelow.

On line preparation of counnling reports

V - COMPUTER AIDED INSTRUCTION
tUMMARY: Most of.the required CAI capabilities are included in the low-cost system. Item 3 would

require additional hardware (touch panels or light pens) an4 some software additions.
Movement would require major hardware'and software additions--and might best be provided
by video tape or disk equipment treated as media device, rather than as on-line CAI.

Itheractive testing (excluding hands-on peeformance
check items)

'Interactive review and remediation

lit

t
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-FUNCTION

AFTENDIX F (CONTINUED)

3. Anteractive (on-li,pe) delivery of program (course)

material ;,- Programs include Type .1 (Contract Train- . 0

ing). Type .2 (Spetial Resident Training), Type 3
(Regular Resident Tra4ning), Type 4 (Field Train-

ing, FTD), Type 5 (Other Agency Training), Professional

Military Education, On-The-Job Training (OJT), .

Certification Training, Qualification Training, Re-
. .

qualification Tvaining, and Ancillary Training. Should

have touch panel or light pen, Graphics, Movement,

Color, and Audio Tape Interface 1..
X X X 2

./ .ECI FTD OJT UNT tU /CATEGORY

VI - CMI DATA BASE AND CALMATERIALS PRODUCTION AND UPDATE

SUMMARY: Items 3 through 7 require minor.modification to software, after clearly defining what must

be accomplished. Item 8 would be a Category I item, already provided, except for the "AF-

wide distribution"--if distribution is not via computer network, then Item 8 is provided

c) by the low-cost system. Item 9 requir s a degree of interface among AF trainitig programs

that is outside the scope-of the low-cos stem.

1. On-line caAbility for non-programmer authors to easily:

a) Enter) store, and change program ttructure, re-
quireurts, and cdntrol documents -

, b) Enter, store, and change program materials
cY Enter, store and change test items ,

2. On-line student enrollment/registration
3. Enter and store program material in an encyclopedic/

word order manner
4. Modularize generic training material coded for recall

and use in multiple courses with simdlar requirements

5. On-line procedures to minimize coordination/
approval actions .

6. Oh-line entry, storage, and maintenance of related
training/personnel records (e.g., AF Form 623 and

SPOTS Master File) and elimination of hard copy

Maintenance

.

XXXXX 1XXXXX 1XXXXX 1

X X X 1

. X X X 2'

,
X

,

X X 2

. X X 2

.,

.

..,

XXXXX 2
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APPENDIX F (CONTINUO)

FUNCTION

On-line entry, storage, and maintenance of
navigation tasks by weapon systmand coMmand
On-line preparotion, maintenance and AF-wide
distribution of refresher and/or upgrade
training material
Identification of inter- and intra-program
content overlap and*redundancy

./ ECI FTD OjT UNT UPT. /CATEGiiRY

X

X
I.

VII - INFORMATION RETRIEVAL -AND REPORTS . .

SUMMARY: Items 3 through 6 could be provided by the low-ost system, at small expense for software.
modifications. Item 7 is a capability of the low-cost system, but only at the-iota) level--
the interface probleat in making this AF-wide would need further definition. Items 8 through
14 would be difficult to tncorporatb into the low-cost system, because they require systems
at the local level to be aware of, and to act on, data at the AF level

Courseware evaluation reports
Individual training profiles, including preservice
training, education, and occupations, in-service
training/education, enlistment/classification data,
and:qualificationApertification status
Courseware development Status, including prdjecied
completion date and OPR,-review completion dateg
and 0PRs, and revision, suspense dites, statds, and
OPR

4 Test.item analysis reports, referenced to STS
ahd SPOTS

5. Typing of diplomas, graduation certificates,
transcripts .

6. Ort-line*entrY, storage, and maintegance otinstruc-
.

tor qualifications/status , %.r

7. On-line prep ration anddiitribution,of quarterly
production port

118
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X X X

X X

X

X

2

2

2

2

3
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APPENDIX F (CONCLUDED)

Historical in-service trainin education pro§rams data
including , Rrograms comp I eted , and cOmpletion times, by
student type, command 9 and locationv,
.Historical in-service traininWeducationsprograms
data, including Grad Evals by program student type,
comnand, and- location

4TO. Historical in-service training/education programs da a,'
incl udi ng resource (faci 1 i ties , trai ping devi ces
personnel) utilization by program, .command* and

-) location
11. Projected enrollments by program, conmand, locati

nd student types (includes host base an& pipAine -
DDA and ABLE GRAD - students)

12: Existing enrollments by program, coninand, location
and student types

13. Standardfzation and mobility of program and
-individual trainihg/education .data- among related
computeriied* systems (e.g., -MKS and APDS)

14,. Cost anolysis data including type .of -pr9gram, type/
number of student production 9 resiArce utilization,
contland dnd location

150
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APPENDIX

1..ANGUAGE FEATURES REQUIRED BY THE CAI/CML JUNCTIONS

" . Language features:were deteimined by examiningThe hecessarY
sv CKI/CMI functional capabilities from.Appendix C and determining a

set of suggested features for accomplishing those capabilities.
The numbers in.the "FUNCTIONS"Lcolumn refer to the Appendix C
listing of ChIland CMI functions. The numbers Th the "LANGUAGE
FEATURES" column refer to the listing of features in Section
5.2.3.of this report.

FUNCTIONS LANGUAGE FEAiURES

All Jo 2, 4, 5, 6, 7-, 8, 10, 41,
12, 13, 14, 15 17, 20, 21,
22

VA-VC2, VICi, VI! 3

IA-IVB4, iiAl-VIC, VIF,
9.

18-186, VA-VIF, VIIA4C
VIID-VIIE7. 16

VIIA1-VIIA4B,
ViI81-VII87 18

18-186, VA-VIIA,
VIM-VIM, VII88,

VIIH1-VIIH3 .14, 23

VA-K2, VI6-VIE6 24

VIIF-VIIH3 25

VIEl-VIE4 26

40

(Pages 124, 125, 'and 126 intentionally left blank.)
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APPENDIX H

FUNCTIONAL SPECIFICATiON

FOR fHE

OW COST CAI/CMI INSTRIJcTIQNAL SYSTEM

Prepared Under Contract

F3361*5-78-0.710031

FOR

TECHNICAL TRAINING DIVISION

AIR peRCE HUMAN RESOURCES LABORATORY

AIR FORCE SYSTEMS COMMAND

'LOWRY AIR FORCE BASE, COLORADO

BY -

MC DONNELL .DOUGLAs ASTRONAUTiCS COMPANY -'ST. LOUIS

ST. LOUIS, missoup .63166
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1.0 SCOPE

This specification establishes th -! requirements for an operationally'
confilgured, low cost., computer-managed instruction (CMI)/computer-
assisted instruction (CAI) system. The specification %dudes those CMI
and CAI functions identified,as having potential payoff from an oper-
ational viewpoint,, and excludes "nice tO have" or "rich" capabilitiies for
support 'of research and development (R&D) and other non-operational
functions.

The syst& stall be a dedicated local system, rather then a large
centra14system serving.more than one Technical Training Center (TTC) or
a systen made up of several stand-alone mini-systems. A modular approach'
to expansion shall be incorporated into the design, to facilitate such
trade-offs* as fewer, on-line students in exchange for heavier CAI usage,
and to accommodate increasing memory pr mass storage in order to handle
increased loaas.

Ai
The system, including the on-line CMI/CAI data base, Ibal1 be sized

to provide operational CMI/CAI support for at least five hundrecr,(500)
students per shift for two shifts. Further designassumptions are:
theseistudents are distributed equally across five (5) different courses;
each student averages five (5) CMI transactions per shift; not more
than 10% of the $tudents will use CAI at any one time; up to'nine (9)
administrators (instructors or-supervisdry, personnel) can be on-line
simultaneously; and batch processing is accomplished off-shift (i.e.,
during periods of low or no student CAI/CMI load), except for essential
recovery of 'lessons which are stored off-line. The hardware system shall
be adequate to provide the functions described in Section 3.0 of this
specification while meeting the constraints abd assumptions described'
above.



2.0 'APPLICABLE DOCUMENTS

.The followisng documents, otthe issue in effect pn the date of
invitation for bids or request for proposals, form a part of this specifi-
cation to the extent specified herein. Any reference to the following
documents, by basic number only, in other paragraphs herein shall be
deemed to 'apply to the issue'current at the time of issuance. In the
ement of conflict between the documents referenced here and other detail
content of Sections- 3.0 and 4.0, the detailed recitiirements of SectiOns'
*3.0 and 4.0 shall be appliCable.?

2.1 .GOVERNMENT DOCUMENTS

MILITARY SPECIFICATIONS

MIL-H-46855 Human Engineering RequirementsTor Military gystems,
iquipthent and Facilities

MIL-E-6051D Electromagnetic Compatibility Requirements, Systems
/

MILLQ-9585A Qualqy Program Requirements

MIL-1-239941, Training Devices, ylilitary: General Specification
For

MILITARY STANDARDS

MIL-STD-785A Reliability Program For Systems and Eqdipment
Development and Production

MIL:STD-130 Identification Marking of,U.S. Military Property

MIL-STD-1438 Standards and Specifications, Order of Precedence
For The Selection of

t

MIL-STD-470 Maintainability Program Requirements (For Systems
and Equipments)

MIL-STD-490 Specificition Practices

MIL-STD-882 System SaTety Program for Systern/end ASsocitted
Equipment: Requirements for

MIL-STD-1472A Human Engineering Design Criteria for Military
Systms, Equipment, and Facilities

40'
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3.0 FUNCTIONAL REQUIREMENTS

This Section describes the functional requi ements for the low cost
CMI/CAI system.

3.1 STUDENT TESTING AND EVALUATIO4

The system shall read students test forms, score tests, provide
each student with feedtlack on test results, and record the results in an
on-line data base. The test results shall be made available in printed
reports for evaluation and quality contrql purposes: The system shall

support at least the following types of tests: aptitude tests, lesson
and block tests, performance 4hecks, and attitude aeasures. The types
of allowable questions shall include at least true-false, multiple
choice, and scalar.

The system shall include on-line and off-line testing. The on-line
testing shall be supported by interactive terminals. Off-line testing
shall be supported by management devices, which shall include optical
mark readers, badge reader, off-line response devices,'ofother
appropriate-devices to acqUire input from students and instruCtors;
printers to produce haod copies of student status reports*; and other
devices as appropriate.

3.1.1 Test Scoring and FeedbackCapabilities

The system shall sco06 those tests for which test keys have
been entered into the data base (seg Section 3.6). The results from tests
shall be available in printed format for both.the student artd instructor.
If the test is 6 pass/fail test, training managers shall be able to specify
the pass/fail criteria. The criteria shall include at least the fcllowing:

Answers can be scored either right or wrong, and a designated
percent correct can be required to pass the test.

Objectives can be defined within the test ahd a subset of the
test questions .can be identified as-relating to each specified
objective. It,shall bepossible to use a question for,more than
one objecti-ve.

o
Any objective can be designated as a critical djective and the

test will be faiIpd if the objective is failed.

A subset of objectives qn be defined, with a minimum number of
objectives from the 'subset-required to be passed in order to pass

* A status report shall be printed as part of each student CMI trans-
-.action. Each status report shall include appropriate feedback
to the student on the lesson or other assignment just completed,
and shall include appropriate direction as to the student's next
action--lesson assignment, test assignment, etc.
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the test. For example, five objectives on a ten-objective test
can be specified as a subset, and the sotem can require that
three or more of these objectives mustbe passed or the test will
be failed.

Test keys and other information required to score tests shall be
entered at an/interactive terminal.

The system shall,score performance checklists completed by.instruc-
tors4 Instructors shall be.able to certify that a student has either
passed or failed any of the tests, including performance.checks, from an
interactive terminal or by entering appropriate information vta a managtra'-
ment device.

3.1,2 On-Line Testing 'Capabilities

The system shall proVide the capability for on-line testing

via an interactiVe computer terminal. For on-line testing, the order of

questions and ..the sequehce of alternate answers-for each question can be
scrambled automatically for each te-st administration. The-dHer of the
alternatives shall be either fixed orrandom as specified by the author*. .

The author shall be able to make the extent of testing dependent on. the

student's responses tWedrlier questions in the test. - A hard copy of the'

results' of on-line tests shall be available from a managemeitt device-on

request. Responses to on-line student test inputs shall he in a real

tiMe node. The time lapse from transmission-of student input to start
of displiftying feedback sha-U not exceed three (3) seconds in more than

10% of the cases. The time lapse from beginning to completion of the

response shall,not,averagegreater than twelve 12) seconds.

3.1;3 Determination Of Pre-Course ttudent Characteristics

The system shall provide, for storage and retrieval of student

.
characteristics data collected before or at the beginning of training, It

shallibe possible to U"Se the student characteristics data in examining

eliminations as a function of aptitude and of years and types of pre-

service schooling, and in predicting individual.rates of progress toward

course completion. The individual tharacteristics information shall be

stored in the on-line CMI data base and shall be available to the CMJ

system as long as the individual is enrolled in the Course.

The system shall be capable of storing and retrieving the following

pre-course 'data for all students enrolled in courses operating with this

system:

,*NOTE: Within the context of this specification, Pauthor" is used

as a generic term to describe Air Force personnel--super-

visors, managers; administrators, instructors--involved with

operating this system and, in particular, with entering data NI

into the systen.
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o
Re16ant Air Force personnel data (e.g., ASVAB or AFQT'scores,

, and such biographical data as previous service training and duty
assignments);

Knowledge of the course material based on criterion refereAced
pre-tests oe.other pre-course measures of knowledge/Ooficiency
on traintng objectives; ,

arning process skills (ability, attitude, or tnterest measures
such as reading comprehension and study habits); and

o
Courie-specific critical entry skills (aptitudes, abilities, and
interestsjMt are wecifically related to success in a particular
traiiit,gpeclalty, such as mathematical ability or interest in
the career field).

a "t

3.1.4 Determinatjon of Within-Course Student Attitudes and,
Interests

The, system shall make provision. for.tests to measure the
attitudes.and interests of students. Pre-course, within-tbur.K, and post-

'course tests of attitudes and interests shall be accommodated. The
results of the tests shaU be stored in the on-line CMI data,base for -
use in determining.training assignments,evaluating instructional"
materials and procedures, predicting completion times and rates of pro-
gress, and predicting performance, as specified by trlining managers.

3.2 ,STUDENT ASSIGpMENT

The system sihall assignsitudents inditfidually to lessons,.tests, and
other instructiobe alternatives. The System shall be structured to
allow the traiqing manager to specify what combination of data on lesson
characteristic4, resource availability, student characteristics, and
student performance will be used in determining the assignments. of

-individual students to training alternatives.
/

A student shall recetve the next individual assignment tmmediately
after completing the preceding lesson. Training resources shag be
scheduled'by the computer system to attempt to maximize throughput. The

computer,shall track student progress through the lessons and alternatives
in the 'various course versions. The system shall provide reports thlt:can,
as desired, replace manual tracktng of student progress by instructort:'

3.2.1 Assignment to Alternative Course Versions

The system shall support course versions which differ as to
cOntent (e.g., for different shredouts of a specialty, or for testing and .
implementing new paining materials). A student enrolled in a particular
course version shall be assigned* only the training materials for t

version. The form or procedure used io register a studint in a course
shall provide for tdentifying the student's course and version.

a
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3.2.2 Determination of the Order of Assignments

The system shall have the Capability to determine and assign
the next lesson altervative for an individual student in all modes
except block remediation. -The instructor shall not be required to
manually trvk student progress, or to, determine assignments to train-
ing alternatives, and shall have capability to perfprm manual override
of anyassignment. Based on.data in the CMI/CAI data base and subject
to options selected by authors or data base managers, the system shall
be capable of using at least the following'information in determining
aitrainee's next assignment%

The assignments completes! by the trainee to date;

,o
The performance of the trainee on previous assignments times and
test results on previous assignments);

o
. The availability ofi.the resources required for,existing and

allowable lesson alternatiges; and

The current distribution of students, the numbers of tudents

required for any team tasks, and how best to assemble teams of
trainees for team tasks.

3.2.3 Assignment to Alternatives Within Lessons. .

The system shall make individual student assignments to
alternatives within a lesson. These can include alternate media (e.g.,
printed vs. audio-visuAllgir different instructional approaches (e.g.,
easy vs. difficult). Iffie4ssignments can be based on at least the

following considerations:

o Availability of the pgrticular media or lesson;

o Prior test scores,- timesto-comOlete, or other within-course data;
-

the *student's pre-course characteristics (e.g., general aptitudes,
abilities, attitudes, interests, or other pre-course data);

o Simple-"if...then" logical rules which may be used to select
alternatives; and

o
Pre icted student performance.

Student cftteacteristics and past performance can be used to predict

student performance. The student shall be assigned to the media or
lesson predicted to result in the best student performance. The system
shall accommaate at least two assignment rules for each lesson--best
predicted time and best predicted score--which can be specified at the

lesson level by an author. If the score rule is selected, the studenl
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shall be assigned to the treatment with the highest predicted score.
If the time rule is used, the system shall assign the student to the
treatment with the shortest predicted time. If the time rule is
specified and the student is predicted to fail all of the treatments,
the systemwill use the store rule. ,These rules will be used only for'
a student's first attempt on a lesson. Subsequent assignments shall
be made using,remediation rules (Section 3.2.4:). Additionally, resburce
,availability and sygtem. throughput constraints shall override the time
and the store rules.

The gys,t-em shall support rekom assignment of e specifiable per-
centage of the students to the treatments within a lesson. If 15%
random assjgnment ts specified, then a randomly selected 15% of the t.

students shall be assigned randomly to the available instructional
alternatives for that lesson. The randowassignment functtpn will be
used tn collvting data to establith assignment rujes and to verify
the effectiveness of such rules.

3.2.4. Assignment to Alternative Remediation Activit

The system shall make assignments to the avail le alternate
remediationtmaterials and media. At least three categories of
remediation shall be supported:

Lesson Remddiation - The system shall support alternatives for
use in remediation only. The system shall assign a studen$ to
the "best" available remediation alternative for second and sub-
sequent lesson, attempts, with "best" defined to 4e the one
alternative chosen from available alternatives based on the con-
siderations listed in Section 1.2.3.

o
Lesson.Group Remediation,- The vstem shall assign the best
available remediation alternatives within a related group of
lessons.

o
Block or Course Level Remediation - The system shall assign t6e
best available remediation alternatives for the objectives that
the 'student ig having difficulty mastering, within the block or
course.

The alternate remedial selections shall, be accomplished byithe
computer. It shall be possible for instructors to override system
decisions via management devices and from interactive terminals.

3.2.5 Test Selection and Assignment

The system shall provide the capability of assigning students

to tests. , For each student at each testing point, the system shall
assign,an on-line (CAI) or an off-line (paper and pencil or performance)
test, as vvailable and appropriate: If more than one version of a test
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is avaiiable, the alternates shall be assigned randomly. Any versions

'already attemptecl.by the student shall be excluded on subsequent

attempts. Capability shall be provided for mutt overrile of any test

assignment by an instructor. On-line programs-shall prorde the

necessary data entry capatrilities for implementingthis function.

3.2.6 Assignment to Supplementary Skill Training at Course Entry
,s.

The sYstem shall be capable of identifying those students
mith deficiencies in critical entry skills or;in learning skill-areas

and of assigning students to supplementary or remedial skill training.

The system shall Identify such students based on critiera established

by course managers for performance on aptitude, ability, interest, or
other precourse or within course measures. Supplementary/remedial train-

ing lessons shall subsequdhtly be assigned to students in accordance
with hierarchy and resource availability, constraints established iethe
cMI/CAI data base by course managers.

3.2.7 Addit onal Resource Management Considerations

lased on information entered into the CAI/CMI data base, the
system shall track which resources are required for each lesson, if they

are available, and where' they are located. Managed resources can include

classroom spaces, lesson materials, media devices, work stations,
simulators, and other training equipment. The system shall be able to

assign and diredt students to training resources outside of their assigned

learning cehters, to allow effective sharing of reSources b.1 students

in several learning centers.

The system shall assign students in a manner that will (1) tend to

distribute students evenly throughout the course, (2) attempt to keep

as many assignment opttons as possible open for the students, and (3) -

make efficient use of avatlable resources. Students shall be assigned

to the learning centers with the highest percentages of available space,

and shall be assigned to blocks in such a manner as to optimizethe

distribution of students across learning centers. In the process, the

system shall consider team assembly, desired loadings within blocks, and

the capacities of learning centers. These Considerations shall not,

however, override the'hierarchical constraints or priority given to

each block. .s

The computer systeM shall base the above management decisions on data

entered into the on-line data base. Once a dourse version is operative,

training management personnel shall be required to enter only cou

changes as they occur. These include changes in the course struct e

(e.g., lessons added or removed, or the prerequisite order of assign-

ment changed), and resource availability (e.g., new equipment added;

and equipment removed, inoperative or in maintenance). The changes shall

be'entered using on-line programs and shall take effect when entered.
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3.3 SWENT PROGRESS MANAGEMENT

The system shall suppdrt management of a trainee's progress through
a self-paced individualized training course. These capabilities shall
range from lesson scheduling to progress prediction and management.
Both the student an& the instructor can be informed, at any time, as to
the student's progress--ahead of, behind, or on schedule.

3.3.1 Scheduling StArnt Entries Into The Oourse

sAt the end of each trdining day, thevstem sh01 identifsi
the number of vacalcies in each course operating under theusystem. This
information will allow the-student squadron or oth r administrative
authority to effectively .plan and program course en ries and minimize
student delay awaiting training.

3.3.2 Graduation Forecasting

The system shall,, as part of the student itoring and
management process'(Section 3.3.3), predict the date on hich a student
will complete the course. Learning center rosters shall be vailable
on request, and shall identify students and their predic d aduation
dates during the date/time interval specified in the training manager's
request. The rosters shall be available in printed form! and for bisplay
at an interactiveterminal. The-average response time, from s bmissOon
of a request to completing printout of a roster, shall not exc ed two
(2) seconds per student. The system shall also, on request, generate
graduation reports for the local training center personnel office.
These reyorts shall be generated on the central s'ite line printer.

The system shall be configured to faCilitateinterface directly with
the training Center personnel muagement computer system. To implement
this funstion, the Air Force wiTT specify the format of the data and :

the medium in which the tratning tenter personnel computer will receive
the required.information. Any regliired changes to the training center
personnel computer software will be accomplished by Alr Force personnel.

3.3.3 Monitoring and Management of Student Progress to a Target

The system shall determine a target progress rate 16r each
student. The rate for-a student shall be used to generate a targeted
time for coMpletion of the tourse and for completion of individual
blocks. The target progress rate for a student shall be based on pre-

_
course data and on available within-course performance data. The targets
shall be relative to average completion times=for blocks and course. A
student's target complett2p iiate shall be calculated based on the target
progress rate, expected OPIft length, predicted days the student will
be in clas, the student's performance record, and the percentage of the
course rematniu. Each student shall have access to his/her target time
to complete for each block. Both the student and the instructor shall
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i.eceive feedback on the student's' actual progresi rate relative to
,targeted Progress rate. The student shaT1 be given informatioryon
the first status reporeof eaeh training day*.thatwiltlet the student
determine-hpw actual progress to date comipares with, predicted progress.

3.4 SUPPORT-fOR rGUIDANCE AND COONSiLING ,
, . . ,

,

Thp system shall provide computer generated reports to.support
student guidance and counseling by instructors and course management

.

personnel. If the necessary tests are included in the preLcowrse
iassessments-the reports shall identify entry skill deficiencies as well e 1

as deficiencies in Within-course prformance. the instructors will
determine which students are tt receive Counseling, and can retrieve,

, from the computer both the.background characteristics and within-course
performance information needed to support their gUidance and counseling ....

activities. . .
..

. . ..,

3.4.1 Identificathon of Students Needing Spetial Attentionsat .

)

..

Course Entry ,

,

The system shall identify studentsliredicted to be proficient
or deficient with respe'ct .to mastery of courseor training objectives
specified by'course personnel. "This identification ahd reporting is
initiated at the beginning of the training process to focus inStruotor/

v menagement attention toward students most in need of special.training
procedures, guidance, and copseling. '

The identificatiorkprocess shall produce computer generated lists
of those students measured as being either proficient or defiCient on

the basis of their pre-course assessments. This initial liSting shall
report* by student, individual scores oh the pre-course critical entry,
skill variables (e.g., reading, math* or study skills). A second
report shall provide.individual scorew for all students on those
variables identified as critical entry stills, and4shall also flag .

deficient students and their related scores. -These reports shall be
available for display at the interactive terminals.

3.4.2 Identification of Marginal Student Performance

4
The tistem shall produce reports identifying and reporting

students predicted to have difficulty mastering further training
objectives based on recorded within-course perforsance. The reports
shall be available on denand and uti)iied to direct timely remedial/

, counseling assistance to students most in need. The system shali,be
capable of assigning those students identified as margipal to
specialized remeJial training (e.g., to special instructor tutorials,
remediation sessions, or special skill training for correcting learning

or study weaknesses

The*system-generated reports shall include a list of 'those students
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Dot meeting predetermineil lmits of, satisfactory predicted progress
rates, or scoring below the training managerls*-criterion levels for
training objectives.' They, shall include actual time ahd score data.
The students below 'the course-establiShed,minimums for ptable per-

formance will he flaged as.possiple candidates' tor el mm tion or ,

-other estabTished admin7istrative action..
,

3.5 . COMPUTER-AIDED' INSTRUCTION (CAI )

Lesson materials can be entered into, stored in, an4 i-etrieved and
delivered by the computer system. When assigned by the system and

reqtested by the student,, they can be displayed at an interactive terminal.
The lesson materials can-include text, ,questionS, graphics, and-,special

,purposePrograms. Student interactions can range frpm'a simple "turning
the pages" type of prograln,through very sophisticated -interactive

--exchanges via special- purpose projrams. Stuadent
principally vl'a a. terminalt,keybowLind, if appropriate, 'via a touch

panel, light pen, or other device,'

41.

3: 5.1 CM Appl i cations

The CAI provided by this system shall support at least the
ftiflowing- five/ICM unctions for Use in Air Force', resident technical
training:

Drill and Practice, with cbrrettion and guidance, of basic skills
and knowTedges learned via other media;

Tutorialuse'of CAI for lessons which.are particularly diff,5u1t,
0. Simulation---use'of special purpose-programs to simulate equipment'

opetatipn or maintenance.processes;

Review and Remediation-ruse OJAI to quickly rsview the content
of a.block prior to a block test or to remediate failed objectives

vfollowing a block test failure; and

Study Sktl Z--use of CAI to teath specific study skills to studentt
who .are deficient in thise areas-.

3.5.2 CAI tapabi i ties

A CAT lesson *shall consist or -a series of frames; or equiv-
alent means of storiug and presenting information. The system shall

support at least the following types of frames, or their equivalents:

text frames that cansontain at.least 4 pages of information (a page can-

contain at least 21 link); ,question frames;s and. documentation frames
which the student cannot atcess. The documentation frames are reserved

for couhe -authors to' i'econd development statts data. The system shall

provVe for at least 100 objectives per-lessbn and 1'00 frames per
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aobjective.

The system shall support CAI lessons of varying levels of sophis-

tication. The basic CAI 1esson-wil1 consist of text presentation, And

will allow response to multiple-choice and true-false questions via,a

typewriter=like keyboard. The system shall be able to provide feedback

messages spegifia-to the'Andividuil student's eesponses and nuMber of

attempts on thecurrent Abjective. The system shall alse allow branching

to any*available frame -*dressing the current objective, or to the first

frame of any other objettive within the lesson. The lesson Oogression

shall be adaptable to the student's-responses. The branching selection

shall allow branching to any available frame addressing the current

.
objective pr to the first frame of any otber objeCtive within the.lesson.

The lesson progression shall be-adaptable to the student's responses.

The branching selection shall be based on the student's prior resppmes/

mime WitJTtfl the-testorr.----
For more sophisticated CAl lessens; the system shall supprort

graphics presentations,color displays, student entry of constructed

responses (open-ended.English answers), contra of suppltmentary slide

or filmstrip presentations, control of audio tapes,4and daptations

based on the Cnon-line data base (e.g., ASVAB or AFQT scores, pre-

course aisessments, and within-course performance...data). The system

shall support the audio tape player and the projector via an external

computer-controlled jack on the interacti've terminal. To facilitate

student interactions in these CAI lessons, the system shall upport the'

usual keyboard inputs and shall also support an additional device such

as a light pen or touch panel. To facilitate preparation of graphic.'

displays, the system shall support a digitizing tablet.or equtyalent

device';'

The system shall have the capAcity for on-line mass storage of a'

minimum-of 150 lessons, available for immed)ate access. The lessons

are assumed to witrage three objectives pee lesson*, 60 frames (or
equivalent) per objective, 2 pages per fralle, and 35 lines per page.

(average line length, 60 characters). Lessons in daily use shalt be ,

available on the syspem at.all times, with no more than a ten (10) second

delpy in initiating student access. When a student has indicated com- N

pletion of a frame, the average time for the system to determine and

initiate the next di-splay shall not exceed three (3) Seconds. The

average time to complete the display shall not exceed twelve 112)

seconds. Ah

InaCtive lessons which are stored off-line shall be recovqrable for

ihormal on-line accessibility not later than the start of the next-training

day followtng the request for restoration..

3.5.3 On-line Learning Process/Specialized Skill Training

The CAI system shall support presentation, to either students
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or instructors, of tpeiialized training in interactive formats. This

training may include, for,example, materials designeci.to teacb.study
habits and skills, test.taking skills, and meftrization skills to
.,sfudents, or to teach diagnostic, tutorial, authoring or counseling
skills to instructors.

3,6 CMI. DATA 11ASE AND CAI MATERWS PRODUCTION AND MAINTENANCE

'To effectively perform.CAI/CMI training functions, the system
must be informed as to the trainees (name, social security number,

* courSe, etCO, the course sti-ucture (tests, lessons, resources, allow-
able sequences of lessons, etc.), and student performance (lessons
cothpleted, test scores within the current block, block,completion timed,
etc.). In the cake Of CAI, all of the'lesson information (text,,,
questions, grapilics, branching instructions, etc.) must be stoi

th

.ed With-

in e compute ystem. . The following paragraphs describe-the
requirements for entering, storing, and maintaining these types of
information. *

CMP Cokirse Definition Data Base

The systeni shall provide the capabilities'which,wilI
training managers to enter the cour'se stioucture into the system. The

program(s) shall rukon-line--i.e., a training manager shall be able to
use an interactive terminaljpAdiwectly enter, store, display, and change

. course related:information. lo facilitate use, the on-line system shall
use graphics to display the course structure (i.e., the allowable paths
through.the lesson materials); and there shall he an on-line.capability .

to access,each file in the CAr4C5 data base. Additionally, it shall not

be neces.sary for,authors to be familiar with ahy programming laQgUage
in order to-use these capabilities effectively.

3.6.2 ,Automatic Validationof Cotirse,Data Base Integrity

Before a.riew course or course version is implemented,
necessary informatignidescriptiog relative td all of the blocks, lessOns,
courseWare, :and tests tn. the course must:be entered into the data base.
.The.systemshall include- one or more computer programs for determining
-if all requIred data base recordS defining the.cotirse are present and
cons.istent. "the program(s) shall be.designed to facilitate use by
authors and shall not require knowledge,of a programming language. To

the grelatest,exterlt pdssible, the program(s) shall update the on-line
data,base, if.this capability is enabled by the training manager. The

program(s) pall run in not more'than fifteen (15) minutes in validating
the data base for a course.

. 3.6.3 Production of,On-Line.Tests'

The CAI system shalt include the capabflity for on-line test-

ing. This shall be imiilemented via an on-lihe test item editor, or
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equivalent capability,,for entering test questions, their alternatives,

and the necessary control information. This capability shall.allow the

author to enter test-items by typing text at an interactive terminal.,

add shall also format the questions for the author and allow the author

to decide whether or not:to (a) randomize the' presentation order of

the test items and the alternatives within test items, (b) control the

number ofAttempts the student can make on each item, and (c) enter_

student feedback messages to follow either correct or incorrect answers.

3 6.4 CAI Authoring .

The system shall provide an lon-line 'CAI authoring editor, *

equivalent Capability, which shall assist in structuring the.authoring

tasks. 'This coability.shall provide standardizedformats for-text and

question framell, apd shall provide the capability to copy or share text

frames, questions, and graphics between lessons. A users manual stall

be Oovided for the CAI production process. 'Additional instruction shall

' be displayable duringthe authoring process via a HELP' request. The

HELP infdi-mation shall include operating instructions for the program,

plus guidelines foripreferred Instructional practices: This capability

shall be.simple enough that an author without prior programming

experience can Iearn to use it in notTore than two weeks. Aq author

shall have acce,ss to any frame in any lesson that is allowable within

system security constraints. Students shall not be able-to access -

lessons in the author mode. Additionally, the program(s) shall provide

capability to readily change any of the course Materials storefl in the.%,

tiata baie.

3.6.5 Producpon of Off-Line Materials
-

It shalI be possible to use the system in producing tests

and instructional materialswhich are intended for dse off-line (e.g.,

programmed texts). Programs shall be des'igned fpr use in writing,

reviewing, and revising the tests and instruational materials And for

printing the final product in a format ready for reproduction. It shall

be possible to print a limited'number of copies in order to facilitate

early reviews.and small group tryouts. This system capability shall

also facilitate conducting sWil group.tryouts'on-line, and sha)l be

useable for acquiring information on the students' reactions to in:-

structiOntil materials.

3.6 6. Production and. Maintpnance. of Course Documents'

An interactive capability stmilar to that provided fo,f,test

items and CAI authoring shall be provided for developing, storing,'main-

taining, and retrieving course documentatdon such as Plans Of Instruction

(POIs), course charts, and lesson outlines. These documents shall be

available at any time for review or revisTon and limited numbers of,

copies.'can be printed as needed.

141.

1/4



3.7 INFORMATIOq RETRIEVAL AND REPORTS

Information rblatii/e to the trainees, courses, course materials,
tests, test items, and other comPOnents of the system shall be stored,
and available.for periodic (hmirly, daily, weekly, monthly...) analYses
and reports. These functions are intended principally Xo support in-
stralors, managers, and administrators.' They can be valuable to in-
structors involved with course management and student gutdance. They
can also be valuable in providing an effective quality control mechanismN
for improving the menagemebt and administratton of treining, and
evaluating and'improving the process of training program development and
imPAmentation. A report requested at a terminal shall be provided to
the,requester only if security.requiremen s for access .to the requested
information are satisfied.

.3!7.1 Reports for Instructors

Data shall be collected, stored, and made available-in
reports structured to meet instructor needs. The reports shall include
but not necessarily be 'limited to the following: student rosters,
individual Wick progress reports, individual biographical reports, and
absence summariessfor learning centers. They shall be available via
either,the interactive terminals or in printed form. The instructor
shall also have access via the termirials to all other student data not
included in the above routine reportv,vbut subject to established security
constraints. "

3.7.1.1 Learning Center or Classroom Rosters. The system
'shall provide, on request, via either an interactive terminal or in
printed form, at least four types of rosters: resource, assignment, time
management, and homework. The rosters shall include social security, .

numbers and names foI the students included op the list. The resource
roster will list those students in the learning center who have resources
assigned to them, the types of resources, ansi!the learning centers to
which the resources are assigned. The assignment roster 1011 list the
current training aCtivity assignment for each student by learning center.
The time management roster will include carrel (or position) number,
absence status, current block, and rate of progress for individual students
by learning center. The homework roster will identify the amount of the
course completed to date and the proportion completed through voluntary
homework for individualsstudents by lea6ing center. After the terminal
has transmitted e roster request to the central site computer, the *
average procesiing time per student shall not exceed one (1) second.

3.7.1.2 Individual Block Progress Reports. The individual
block progress report will summarize student progress for the block
specified. The information in the block progress report shall'include
at least the following:

o
Lessons completed in the blockk
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cl Numbers of attempts, and scores on each attempt, for each lesson

and test;

Objectives-failed oh each test and

* 0 Time spent on each attempt and total time spent in the.bloc

3.7.1.3 Individual Student History Reports.. The individual

student history report include the student's scores on pre-course

aptitude-and interest measures, scores on any critical.entry skill tests,

time spent in remediation following a block failure, add any lesson

objectives that were failed more than twice.

3.7.1.4 Absence Summary. The absencesummary shall be ,a

block-by-block summary of the absences reported to the system and shall
....be_capable.....ofrepiacing manual absentee reporting. It shall indicate

when the student was reported absent, Wheir the§iiickiit-TeturtimiTpw
twig the absences lasted, and the reasons for the-absences. .

3.7.1.5 On-Line Display ,of Student Data*. Capabilities shall

be provided for'retrieval and display'of available student informatton in

response to requests which meet securitirequirements*.
1

3.7.2 Training Management Reports

The following information, intended for use by training

managers ,(shift supervisors and above), shall be provided in the form

of standardreports available on request to authorized users:

° Students awaiting training, by course;

o NumBers 'of students in training by course, learning center, and

Techntcal Training Center;

Distributions of completion times for individual blocks;

° Distributions of course completion times;

o Differences in student performance between parallel learning

centers*, or Technical Training Cen rs;

Instructional resource (e.g., fac lities and training devices)

utilization;

o Utilization and qualifications of instructors;

o Learning cedters are "parallel" if the same course content is

taught in the centers and are not parallel if the centers teach

different content. -
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Summary mrts of student completion _times and final grades, by
block and course; and

Summary reports of disnrollment and el

3.7,3 .Couese Evaluation Summary

The system shall include a Course Evaluation Summary (CES)
which summarizes student performance on individual lessons within blocks
and for entire blocks. It is intended for use in monitoring and
evaluating smell-group tryouts of new materials as well as student per-
formance on established materials. The CES shalitcontain at least the
following iteMs of iriformation:

o
First-g-attempt lesson and block test socres;

ination data.

o Final lesson and block test scores;

Means and standard deviations of first-attemp
test scores; 41

esson and block

Means and standard deviations of final lesson and block test
scores; .

Means and ttandard deviations of first-attempt lesson and.b
times;

Means and standard deviations of lesson and block completion
times;

Separate score and time data for alternative.modules within
lessons;

Score data by

First-attempt

First-attempt

I.

objective within.lessons;

lesson failure rates;

objective failure rates;

o
Correlations indicating th.e relationship between predicted and
actual lesson and blpck times and scores and

Summarized data on lessons, modules and objectives with first-
attempt failure sates above a specifiable percentage.

. The CES shall be a batch mode report.. An on,line program shall be
provided, however, for submitting requefts for the CES for off.shift
pocessing.
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3.7.4 Test Item Evaluation Report

The system shall provide a Test Item Evaluation (TIE) report

that provides detailed information on the characteristics of block and

lesson tests. The TIE is intended to support evaluations of test

reliability and validity. The TIE shall include'at least the following

items of information:

The numbers (or percentages) of students selecting each alternative

answer to test questions;

o
Percentages of students answering questions correctly;

Average test score of students answering each question correctly;

o Flag;ging test questions missed by over 70 percent or by none of

the students;

Item-remainder correlations for each question;

o Means and standard-deviations of scores for each objective and fbr

each full test;

Distribution of scores on the full test;

o Alpha Ireliability coefficients for each objective and for tilt,

full test; and

o Criteridn-referenced reliability coefficients for each objective

and 'for the full test.

The TIE shall be a batch mode report. An on-line program shall be

provided to submit the report requests for off-shift processing.

3.7.5 CAI Evaluation Data
k

Detailed quality control and evaluation data shall be

collected by the CAI system. This information shall include at least

the following items:

Percentages of studentsIselecting each alternative on each

question, by attempt number (first attempt, second attempt, etc.)1

The mewls and standard deviations of times to respond to questions

and times to read text passages;

,

o
Lists of unanticipated responses to constructed response

questions;
SW

Lists of open-ended studn't comMints regarding the CAI lessons;



,..-

O
Detailed records of students' path

Summary statistics on dajor units
to complete and cumulative scores.

This information from CAI lessons sha
requesters in batch mode reports. An on-1
to submit requests for off-shift processin

through CAI le9socs; and

CAI lessons, such as times

I be available to authorized
ne program shall be provided
of these reports.

3.7.6 Course Development Management Ileports

The program or programs provided for use in developing on-
line and off-line tests and materials shall also capture and store in-
formation regarding an author's work using the editors, and the status
of the associated course material development effort. This information
shall be summarized in management reports for monitoring courseware
development, production, review, revision, and implementation. The
reports shall include such information ps identification of the author
responsible for developing, reviewing or revising a lesson, how much time
has been expended'on a Particular task, how much of the task has been
completed, and the expected (i.e., scheduled) completion date.

3.7.7 Performance Forecast ReportiniA

The system shall include a report which describes a student's
performance levels in completed technical training. This informatioh
is intended principally for a student's supervisor in a post-training
duty assignment,.andfor field Training DetachAent (FTD) or On-the-Job-
TraiAing (OJT) managers who need reports of individual student perfor-
mances (e.g.-scores and times to complete) in resident technical train-
fng or other in-servite training.

'3 7.8 Special. Purpose Reports

Because standard repirts will not always satisft all nenage-
meht and administration requirements, the systeeshall include an open-
ended information retrieval system that,can be usd to answer ad hoc
queries regarding students,.materials, and training effectiveness. Thl
user shall be ablf to specify the variables which he wishes to, examine,
e.g., types of students or courses by specified time Periods. The
output shall consis,t of the number of pertinent caset identified and the
mean, standard devi(ation, andrange for each included variable. This
basic data,retOeval program shall also be interfaced to one of fhe
standard packages of statistical prograum such as the Statistical Package
For The Social Sciences (SPSS) or the BMD Biomedical Computer Programs,
to permit extensive analysis of student data. This dataesplrieval/
analysis capability shall be a batch mode function. An - ine program
shall be provided however, for submitting requests for off-shift pro-
cessing.
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4.0 HARDWARE REQUIREMENTS

A computer hardware system shall be provided to support the instruc-
tional, administrative, and panagement functions required by Section 3.0

of this specification. The system shall consist of commercially avail-
able equipment with the capability for handling the types and numbers
of jobs specified in Section 3.0. The hardware components provided for
this system shall meet the general intent of Military Specification
MIL:H-46855, Military Standard MIL-STD-785A, and of the other documents
listed in Section 2.0.

'The computer.system shall provide a capability for,modular buildup
to the terminal configuration necessary to meet the tpntiona1 require-
ments and assumptions in Section 3.0 of this specifica 'on. The system
shall operate on-line for two eight-hour shifts, five da per week.

Batch operations will be carried out during the remaining hours or
during weekends.

414 MAINFRAME AND PERIPIRALS

r*o.n.o. ..............,

The central computer system (i.e., mainframe and peripherals in-
cluding any communications network processing unit) shall be clustered
and housed in a room as centrallj located among classroom buildings as
is practical.- This room shall be k central point for printing CMI
reCords and administrative reports and for performing stftwhre main-

tenance. fr
,

,

,

The cenfi-al system shall represet the minimum configuration con-
.sistent with meeting fhe requirements .of this spEcificition. High speed

11:

communicatign between two or more processors of the sac make ind model

shall be posrsible, to allow' for future expansions that m ght require

..altiple central processors. Consideration shall be gi n to selecting
. . a computer that does note require such special environmental conditions

as chillell water and humdification. Sufficient air conditioning and a

raised floor shall be inStalled with the system.

4.1.1 Central Processor

The, processor shall be..c.apable of simultaneously suO5arting

at least the number of student, management, and administrative tetiminals

,or other devices needed to meet the functional requirements of Section
3.0 above. To support routine software operations, simple on-line source
program editing operations such as ltne insertions, deletions, and
replacements shall be accomplished in an average response time of not

*
mdre than one(1) second, and more complex on-line operations such as

41/

file I/0 shall be accomplished in an average response time of not more

tban three (03) seconds.

An instruction set supporting at least integer and floating point

ar thmetic, string, character addressing, branching, logical, looping,



and assignment operations shall be provided. Instructions-or groups

of instructions shall also be available to implement array substripting
and record addressing.

At least the following peripheral devices shall be attachable to
the central process9r: high spied mass storage devices, off-line storage
devices (e.g., tape drives), line printers, and all operator console. It

shall be possible to add central memory expansion units to the'processor
without degrading the services offered by the operational system.

A capability for validating data following transfers shaTl'exist,
to insure that transfers are successfully and correctly accomplis,hed.

The processor shall bp capable of supporting batch prodessing, but
not necessarily wnile supporting on-line CAI and CMI operation.

4.1.2 Central Memor(\

Sufficient central memony shall be provided to upport the

terminals and produce the response times dictated by the functional
requirements of Section 3.0 above and by Section 4.1.1. An) type of

central memory (e.g., core, MOS, bipolar) shall be acceptabi provided

the required resOonse times and validation requirements are atisfied.

4.1.3 Mass Storage

Mass storage shall be provided to support the instructional

programs and data required by Section 3.0, and the system programs and

data. There shall be at least two mass storage devices,.to provide backup

tn.the event one device malfunctions. Ihe mass sterae transfer rate
plus overhead shall be sufficient to.accomplish the required response
times.

Channels attachedlto the mass storage devices shall be capable of

accomplishing input/output (I/0) transfers at sufficient rates to fulfill

the response time reqsuirements of Sections 3.0 and 4.1.1.

4.1.4 Off-line Storage

Off-line storage shall be provided to support the functional

requireMents of Section 3.0. Foy backup and reliability purposes; this
storage shall be accessible via at.least two off-line storage devices.

The off-line units shall be accessible for backing up information

-from on-line storage devices and for recovering informatiqp wtich has been

temporarily stored off-line to lessen the on-line mass' storage require-

ments. Off-line storege shall be sUfficiently accessible to fulfill the
requirements- for i'ecovering archived CAI lessons (Section 3.5.2 above).
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4.1.5 Central Site Printing

Capability,shall be provided for printing such informatfon
as classroom rosters, course evaluation sumnikries, te4.item evkluation
summaries, selected student information, CAI reports, on-line and,off-,
line course materials, software programs, and computer maintenance
information.. One or more central site line printers capable of ffinting
the 128-character ASCII set shall be provided. With an exien dIstribu-

tion'of all characters, a minimum rate' of 500 lines/minute (128
characters per line) is required.

4.1.6 Computer Monitoring

A method and equipment shall be provided to furnish compgter
stat eripheral'device information, initiate diagnostic, apd
-generally itor and control the operation of the entire system:.

4.2 COMMUNICATION SYSTEM

Communication hardware and software sufficient to allow remote or
local operation of the terminal system specified in Section 4.3 below
shall be provided. Standard protocols, electrical interfaceS, and data

rates shall be used throughout, This communication sAtem shall be
capable of supportiny the mix of terminal capabilities specified in
Section 4.3 and the response requirements of Section 3.0 of this .

specification. The communication system shall Ot modularly,expandable
beyond the minimum number of terminals required in this specification .
even thougl the software and hardwaresystem is initially configured,

for that ntlnber of terminals.

4.2.1 Computer/Network Interface

The network processing hardware at the computer site shall
be able to transmit data to and receive data from the total Wumber of,
terminals reqiiired by this specification, and the electronics shall be
moOularligpxpandable.to handle additional terminals.

The computer electronic ports for sistem terminals shall meet,

industry-wide standard interfacing requirements. The network processing

equipment shall haVe the capability of detecting and *correcting trims-

fer errors on characters and dontrol codes received from the terminals.

For transmitting data between the computer and terminals at
locations remote froni thescentral stte the most-cost effective method

shall be-provided.

4.2.2 Network

The network shall consist of dediCated voice grade lines,

configured to provide the data rates needed to satisfy rthe functional



e

requ rements of this spec fication.

'4.3 ITERMINAL SYSTEM

The \terminal system shall be composed of a mix of types of
terminals and other devices that includes:

(1) alphanumeric, graphics, and color display types of termi als
for students and administrative use; and

(2) management I/0 devices to provide the required CMI functional
capabilities.

This compatible set of devices shall be located in or near.class-
rooms, and shall be capable of remote operation with the central
computer.

4.3.1 General Characteristics

All ;iisplay terminals selected shall have the electronic,'
display and keyboard characteristics as Tistld in Sections 4.3.1.1,
4.3.1.2., and 4.3 1.3'below. Manageyent devices shall conform to Section
4.3.1.1:

4.3.1.1 Electronic Cha.racteristics. Each terminal shall be
capable of sending and receiving data at selectable industry-standard
rates. Transmissi(in Miall be via an industry-standard interface.
Terminals or associated communications equipment shall have at least
the capability of detecting validation errors on single incoming alpha-.
numeric and control characters, with all control codes and character
codes conforming to industry standards. Any termin'al pall be .

ellectronically interchangeable.with any other at any communications
port. ,

4.3.1.2 Display Characteristics. Each display terminal
shall provide at least 24 lines of display, with 64 characters or more

'per line, on a screen of at least 12 inches diagonal measurement. The
96 character ASCII set, consisting of upper and lower case alphapet,
numbers, and-punctuation stlall be available. The cursor shall b#
controllable so that it 'can be located to any position'on the 4reen.
Bulk erase capability Aall be provided.-

4.3.1.3 Keyboard tharacteristics. The eyboardilon each
display terminal shall be in the standard QWERTY fofliiat for alphabetic
charactersi. with numbers and,punctuation keys also vailable. All keys,
must be plainly and permanently marked to identify characters Ahd/or
functions controlled.
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4.3 2 Student and Administrative Terminals

A-mix of alphanumeric-only, alphanumeric/graphics, and
alphanumeric/graphics/color terminals shall be provided for student and
'achninistrative use. The numbers of terminals of the various types shall
be sufficientjto provide the functional caliabilities described in Section
3.0, and shall meet_any additional requirements imposed by character-
isticsiof the Air Force-designated courses to be implemented on the
system. An external jack for controlling a device such as.a slide pro-
jector shall be provided, if course characteristics indicate that such
a device is instructionally deSirable. The resolution provided by
graphics terminals shall be sufficient to accommodate the course
materials to be implemented: Color terminals ihall provide at least
eight different colors, including black and white, with color available
for foreground letters'and figures and for background. An option to
fill cdlors within graphics polygon boundaries is desirable. In addition
to the keyboards provided for student and instructor interactions, the
system shall also support a devir,e such-as a light pea Dr tourh panel,
to facilitate interaction with graphics displays. To facilitate pre-.
paration of graphics displays, the system shall support a digitizing
tablet or equivalent device.

4.3 3 Management Devices

r

Management icts in types and numbers sufficient to satisfy
the CMI requirement& desc bed in Section 3.0'shall be provided. As

iiecessary to meet the ins ructionaloand administrative needs, these shall
include devices to read forms, to print student assignments and class-
room operations reports (such as rosters, -absence reports, and regis-
tration data), and such other devices as may be required and cost
effective for the aesig ated installation site.

4.4 RELIABILITY

An effective reliability program shall be established and maintainedi
within the general intent of MIL-STD-785A. This program shall include
failure reporting and desi4 changes to correct pattern failures-, The
program shall be adjustedilb suit the types of procurement and equip-
ment, and shall tie directe0oward"maximizing thp mean time betweell,
failures (MTBF) for individual equipment items. System reliability shall
be sufficient to meet the availability requirements of Section 4.4.

4.5 MAINTAINABILITY

<- A maintainability program shall be establiihed, within the general

intent of MIL-STD-470. Thts prowm shall incorporate a maintenance
concept intended to minimize the mean time to restore.(MTTR). 'System

MTTR shall be sufficient tO meet the availability requirements of
Section 4.6.
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.6 AVAILABILITY

Systeni avallabi ity shall be. defined, as fol lows :

System Intr:Insi 6 Availabilitf= RTBF 7 (MTBF MTTR)

where MTBF "rs defined as the system mean time between failures 11."e.% g
the Miff resulting from combining the MTBEs of all ,the individual equip-
ment items), and MTTR is definid as the mean tizme to restore the system.
.after a failure to* .y equipMent in the system.

A

nsi c Availability sfor the l ow-cos t' cAI/,5MI sys tem.4
The Systepi In

shall be, at least

4

4.

a

.g

IliWERNOIE;(7 nwiriso &fat 19 I

14.

fr,

4t

PI I 11K

t.


