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“PROBLEM ' : h3

»

Prototype computer-based, multimedia, *individualized training /

" . systems have demonstrated that the concept of computer-assisted ¥nstruc-

tion/computer-managed instruction (CAI/CMI) Zs valuable and is directly

applicable to an operational Ai¥ Force train

ng environment. - Sub-

stantial savings in training times and more efficient utilization of- .
. resources havé been demonstrated. ‘However, the prototype.systems in- o
. corporated research capabilities which were not essential to effective
routine support of the majority of Air Force training. The purposes

of

this study were (a) to identify those CAI/CMI functions with the -

"~ - greatest potential payoff for Air Forcé trainijg and (b) to develop a

functional specification for a TOW-cG%t'compthr-based system.
R L .

APPROACH o L A RS

Whe.applicabi1ijy'of and‘reqp%remgpts for CAF and CMI in various

‘ Air Force training environments were determined bj'sgrveying potential .
user personnel, Computer system architectures were surveyed to- -

. determine candidate systems to meet the functional requireménts of .the

Jow-cost CAI/CHI,system. Alternative terminal hqrdware devices and
communication systems were surveyed, in order to recemmend an economical’
set of input/output devices and comunications interface to meet the
functional requirenents of the system. Variqus computer programming -
languages were analyzed to identify a languag®Which would be cost o

., -effective for CAF/CMI programming. The CAI/CMI applicatiens software
area was surveyed, to determine the extent to which axisting software: -
‘might meet Air Force training needs, + r .- L RN

. The initial assymptions used to set the scope of the study were as

~follots: &he computer, terminals, Communications, programming language, .
o .

+ and applications softwaré must be cgpab}eiof

.

H ;.‘l

- £

:i).; §uppokting SODfstudentS“pé¥ shiﬁt,?ipiisoo hours of instruc-. ° |
tion across five courses, with 150~ instructional hours of "CAI
~ and with five CMI transactions per: studept per shift.

b

» - N

2. Providing a proven Studeﬁt\progress:managementsapproagh: -

~ .

-

. 3u_ Supporting the productiyn and svaluation of instructional 0
-~~~ materials for on-line and off-line use. ’ -

N

~«.'4, ,Ppoviding a set of s;andard‘FEports for vdricus levels of Air R
.~ Force instruttional persennelwwwithifiaxibleweaﬁabi!ity to o

-

retrieve and analyze traininy performance dita for special’
purposg;rEports; el : : 5



\;«b\\\

) \ e
\ % .. \ v 3
¢ .
\ 3 \ .
.
3 .
N ’ .
» ‘,@ .
. N ~:\ N \ . . .
. a « \ . . . i
: o .
;\ . \‘\ . - . i -
. RESULTS \ - S ) v

L d

Air FOrcehiﬁstfﬁctors and supérvisory personnel identified a broad

- range of functional capabilities in the CAI and CMI areds with potential
‘payoff for training. A total of 167 functions from seven major CAI/CMI
functional areds are recommgnded for inclusion in the Air Force low-
cost system. \ ‘ St .

- A survey of central prec&ssing units identified\a“minicompUtec\can-~
figuration as “the principal candidate for meeting the functional require-

~ments. of a dedicated Tocal system. The concept of stand-alone devices
was consdidered .briefly. It became obvious that the myriad of combi-
ndtions could not be dealt with within the <scope, and 'time frame 6F the
study. o e o \ |

-

- - > . - 'R ] .,
o LI R . o | ‘ i
A survey of terminals and communications resulted in recommenda-

tions for a candidate low-cost student/administrative terminal a‘lgy

resolution graphics terminal with color CAI capability, % high \

resolution graphics terminal for CAQ,\and\a.mmnagemeht terminal reader/

printer confiquration: R ‘ L.

\ The survey of applicdtions software indicated that all of the .

. recomnended functions have been implemented on one or more existing
computer-based instruction systems, demenstrating the technical

.o

feasibility 'of implementing the recommended functions. At theipresenfi‘»-

time, various computgr-based systems present more er less of the
recommended functions. Some of these existing systems, however, are
: ﬁwmiemented;on Targe centralized mainframes capable of suppprting =
satellite operatiofis, and incorporate sophisticated research and _
+ 'development capabilities that are not essential to routine support of

the ‘majority of Air Force training. o
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"+ 1.0 INTRODUCTION ‘
; Prototype computer-based individualized training systems have .
. been developed and implemented at a number of Department of Defensé
i (DOD) and civilian installations. One such training system is the’
- Advanced Instructional System (AIS) at Lowry AFB. The results of a .~ "
s ‘§§yagiety~of research and development (R&D) projects indicate that
o » *EE \

1.” Application of computer-based instruction (CBI) resulted in
B ispbs?antxal sawings in training time and more efficient
utilization of resources. : o

5y

2. An operational training system does not need sophisticated

, - research capabilities which although incorporated into pro- -
totype systems and required for research, are not essential

to effective suppdrt of the majority of resident technical

training operational requirements. | ’

3. Full and economical exploitatipn of the demopstrated oper-
- ational capabilities of the prototype systems in routine

N 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 be reexamined in the context-.of 1979
. state-of-the-art computer technology. \ IR ' . o

-

1

o ~ The present study establishes the requirements for a purely oper-~'
ational system and integrates those requirements into a system design
~ based on the best of current computer technology. The principal -
objective was to désign a cost-effective system configuration which
- would efficiently. support the CBI functions identified as having
petential payoff from an operational viewpoint,s without including "nice
to haye" or "rich" capabilities in support of R&D functions.- The \
~ products of this study are as follows: o .

Y. An overall system specificatién, delineating a set of

"~ functional requirements,for a low cost computer-assisted in-
struction/computer-managed instruction (CAI/CHI) system

" {Appendix H). o \ -

* N : .y

.

. o . o R . . ’ r
- 2. This Technical Report, presenting the assumptions, data -
v ., collection methods, analyses, and resultls related to.CAl and
. CMI system capabi}ities,*séiected\systemaarchitectures;@
. communication systems, terminal hardware, and programming
. - languages and software. "This report includes the configuration

N “of" an example low-cost CAI/CMI.system with communications

~ equipment,'terminal,haﬁdware,“applications\programs software,-
\ . and a languag@which will-sati sfy tHe operational requirements
.. T . within established constraints andfas§umpti0ns. K "
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. S A STUDY PLAN -
5 The rggéarch Pplan called for accomp]1shment of the folloW1ng maaor
tasksy . . N
. } . . . o .

. S ™o B - s \ E
1. Determine Funct1ona} Requirements 6f Users - survey Air Force
'+ users, analyze surwey data, and determine functwonalﬂ;equwre- \
ments for a Tow-cost CAI/C“I system fon aperat1ona1 use in AI?
_Force fesident techn1ca1 training prog#hms

survey avaw]ab]e hard- -
ify candidates for .
fons, termwna]s, S v

\ - 2. Survey Hardware, Software, and Systems
, ¢ ©  ware, spftware, and lanauages, and i
centra] processor units (GPUs), con

software, and 1anquages.\

Document and Des:gn - wr1te a fu tional specification and cnn— .-

fwgure an example of a state-of-thefart hardware/ o o

commun1cat10ns/term1na1s/software system to meet "the funct10na1 .
- requirements, . : i

> . N v
x

- e
: Figure 1 1}1ustrates the task f]ow for this research plan. The
?o]]GW1ng paraqraphs describe procedures for acccmpﬂwshlnq the tasks

-

In order to provide a frameworP around which the des1gn work of

this study could proceed, some assumptions were made regarding the ip- . *.\\,'
tended uses and environment for the low-cost Qﬂﬂ/tﬂd Sysbem These
assumpt:ans are as follows: . , T

e

1. System degign W111 be” or1ented toward res1dent techn¥ca1 trgjn-
ing. ‘ ‘ .

» ~ R
- N 3 NN N

2. System deswgn wit] be orzented toward a dedwqated Tbsal system,t- ‘.‘I
‘rather Than a large centralized mainframe-orjented system or R t
~stand-alone minisystens. ° A modular approachgto expansion will
be 1ncorporated to facilitate tradeoffs such a5 fewer on-line,
students in exchange for heav1er CAI usage.  The effedts of
increased loads on memory and mass storage requirementg will

"+ be conSIdered, > e

-

3. System desxgn ww11 be tarqeted toward pr0v1d1ng operatwonal
CAT/CNI support for appgmximateTy 500 students per shift. It
-is ‘also assumed that: the 500 students-are distributed across .
-five different courses; the five courses account for 1,500 N "

B _ hours of 1nstructwon, each Student averages five.CMI trans-

e \ " actions per shift; pot moré than 10% of the students are using
S GAI at any one time; not more than<nine adman1strators (in- \

- structors orwshperv1sory personnel) are on-line simultaneously; -

~and batch processing is accomplished off-shift (i.e., during ~ .
periods of low or no student- CAI/CM] 1qu) \ \ o
"/
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ﬂf\.;’4 R 'ﬁ- Of “ 3.0 FUNCTIONAL R£QUIREMENTS;DF USERS \:\\a‘;  _ f‘ -
‘ ,‘ii‘f* | :‘The initial step -toward: deS1gn1ng a 1ow~cost CAI/CMI systen was \

‘ to deterpiné those computer-provided .functions whieh would be of value \
. in Air Force tra1n1§g, To thig end, the fb]\owlng tasks*Were accom-. - ¢
p]wshed‘ ‘k‘ . oot

‘ -
»‘g \‘; - . \ - ’ . L ] ; .. ~ R . - v

]

I ,\\:7']. Preparat]on of a 11st1ng of CAI and.oMI. funct1ons whach cou]dxw"
WL T, bg:nro%;ded by a comauter based trqxn q systen . .
PN " e Y . \ 5; - oy T
A P saration of'a rating scale w1th thch Aiero?ce users cau]di
T \ ‘}«f axe pajpff potentwals for var1ous CAI/CMI funct1ons '
L . i .

~ -

s

R \.\3.;‘ Identqﬁca{mn of a smtab]e samp]e nﬁ,potentwa} Adr Force .
354",,\ SN T users of a 1ow-cnst CQI/GHI systen v @-\' A Ty
R sﬁw Cu?1éct1on of data from the sampte cf pctent1a} users | g§
| \‘5. Ana]ysas of the data | \'w . -
;5\*11\;\‘: Lo - Determination of the CAI and cMI funct10ns which should be Drn- s
SRR \; vwded by the low-cost system. \

éJSTI!G OF CArfcmr FUNCTIONS ’@~\ - \j;  L B S

, A comprehens1ve T:st1ng of 184 potent1a1 CAL and CMI functions was - .~
- developed, descr1b1nq those thctwsns which could ba‘1ncorporqted into ‘
"a CBI system. Thig 113t1nq was -inténded to include any technically:
feasible- functijons. which could*be provided for Air Forte training by a \\\  v
Ll computer based system,~and'wh1ch were not considered ‘to be R&D T :
.+ .. - functions: Th§~outgomg -of this &ffort was a listing of functions in
) seven major areas: “Student Testing and :Evaluation, Student Assignment,

}f~k 'a} - Student, .Progress Hanagement, Support for Guidance and Counseling, CAL, >
\ SE’€ ' Production and Maintengnce of €MI Data Base and CAI,Mater1a]s, and In-» \
formatxon and Peports {see Appendwx A) S | ST

?
¢ The Append1x A 11s§1nq of the 184 functions 1nc]udes the numberlng
e sdheme that  is used throudhout this eport in r brring to individual,
CAI/QUI functions-=Roman nuherals designate the seven major areas,

followed by letters and Arabic numbers that des1gnate subcaxegorzes and
1nd1v1dua1 funct1ons ) \ -

3T . : SRR

SN 3 3. 2 PRLPARE RATINGSCALE AND. SURVLY roRMS \*3°_\f;» o

-The 184 LAI{CNI Functidns were 1nc0wporated into survey forms,
" with a rating scale intended for use by Air Force training and manage-
ment personnel in estimating the retative values that- the functions
would Jhave for- operat1ona] training. - The rating scale was or:entad
toward the concept of "payoff potential.” Tre introduction to the L o
o survey form and the exp?anatzan of the rat1ng sca]e are shown'’ sn . o

. .
~ . . . . . N . . o .
s - . , = MU \ . L
. . . . NN . . s o . R PO
v . o ’ . » - e N L

P | |
R 'Y o
N . . . .‘ . N N L . ) . N \




Ap"e‘“"“ . The explamation points out Lhat ‘payoff. poteﬂ’tial fcr Mr L

Farce. tra1ning can tonpe. from\any of the- FQ31owing W .o . i\¥§
_ ' 3 0 Reduced’train:ng time - students get theugh faster.,\ T
. i . . . R "N . o
ﬁ;?m.Reduced admlnistratlve load on iq;tructdrs. o | oo TS
. \3PV More eff1cient se of train1n§ resouvces. \ O fff :3 o ;*‘ : ,5§
ot : \»Q ;Imp%oved qua!ity contro] over>students and/gr courseware. N \“i‘“\fixprf
:7‘  \.Q Improved managemeg§£i§m1nistrat1on of’tra1n1ng, \ V\
| 0 Improved courseware development and-eva}uatuon,pmpcesses, " ‘C \ \:iiww\;iiﬁ
ST vesulting in better 1nstruct1onal materia]s and reduced develop- S N
3;‘ : The 1nstruct10ns fer usihg tbe ratang sca]e (Appendix B) asked . *
2N participants to consider how much each of the functions would be worth
. aFi\\ to Air Force training within the context of the particxpant‘s duty .
¥ aSSTgnment, and to ass1gn ratwngs using the fo]pring scale
- 1= Vany high payoff petential.
s ;; 2= H1gh payoff’potent1a1‘» | \
& 3= Hoderate payoff potentia] v~\‘\\;? RN I S
NI B pr payuff potnem:w:ﬂ'k o {.\ ‘ S Yo o )\
5 = No payoff potential.- ,f - . s | ) -
. K= No opin1on L this funct1on 's. effects would be outs1de my area,o
s o and I cannot estwmate its payoff potentlal. . . :
e © Because of the large humber of CAI/CMI “functions 1nc1uded in the
S listing, two survey forms were prepared. One form-included the :
S functions that were of potential value in thé conduct of resident
-« - technica) training at the instructor lTevel. The second form: ‘included .
7 the fugctions that werg of potential value for Air Fqrce managers and
___supervisors--e. Qs course superv1sor< branch ch1efs, and trawn1ng o
‘ ‘ adv1sors. : . ST e S e - »:\\ e
oo . Tbe ipstructor survey form asked fur ratings on the, fo]low1ng items ,\{
S (see Append‘ax A) e e : o
R  Category I (Student Testrng and Evaluatﬁun), all items except:
R 1teh IB. \ » .
Category II (Student Asswgnment), a11 items except 1tem IID | ) B Ky
\\ o o LA ’ - ‘ ‘\*“ 14 - ‘." L ) . . .
S ceo \ B e :
e S nw.o T )




‘mﬂh

- “Category IV (Suppert fer Gﬂ'ﬂance and Counse11ng), a11 items.

.Categprf IIE 6Student Progress Management) all 1tems‘ \\;‘

"Category v (Cemputer ‘Aided Instkuctton), ail 1tehs ‘: \.r . f s

a Categgry VI. (Product1on and Ma1ntenance of CMI Dath Base and: CAI

Materials) all items except item VIC.

~

,\-\1Category VIT (Informatvon Retr1eva] and’ Reports) a11 items 11sted

under VIIA Reports for Instructors.

The supervwsor survey forw asked for ratings on the fb]lowvng items
Append1x A): :

~Categorv I (Student Test1ng and Eva]uat1an), 1tems IA 18, IC

end ID . »
. AY

\Category I1 (Student Asswgnment), 1tems IIA IIB, IIC IID IIE,

\7‘Cateqory TV (Support for Guidance and Counse]vng), 1tems IVn and
VB, \ V :

3.3 SAMPLING OF POTENTIAL USERS

. pr1nc1pa11y toward the needs of resident technical. 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 systen would

- . meet the needs of, for example, on-the=~job trawnwng (OJT), navigator
‘traInlng, and f1e1d training detachments (FTDs). Therefore, samplings
of petentwalvusers frem resident techn?cal trainwng.and frnm a number

.Category VIl (Infbrmatwon Retr1eva1 -and Reports), a]l ltems. ‘

and IIF,

Category I11I (Student Progress Management), 1tem$ IIIA IIIB,.\\i

I11B3-5, and.JIIC

“«

Categery v .(Compu\ter Assisted Instruction), items VA, vei-‘?s and

L d

Category VI (Productzon and Ma1ntenance of CMI Data Base and CAI
' Materials), Items VIAl-2, VIB VIC, VID1-6, VIE, VIEl- 6 and
VIP' : . \ :

»

Quant1t1es of the survey forms were reproduced for yse. in the_datae;\

tollection effort.. Participants in the survey marked their responses ‘
directly an the1r*cop1es of the forms, and {dentified themselves by duty
$pos1t10n. ‘Names or other specific: 1dent1f1cataon were not required. -

N

»
W

Although the de51gn of the 1ow—cost systeﬂfﬁas to beeor1ented

\ . S
PO

-

am
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- - * SR v

| df”bther;A}r Fofceitfainingwprogfams were idénti%ied'furxinclusion\iq\ . -
the survey of user requirements. = B SR

.‘f a3 -

&+ 3.3.1 Resident Technical Trajning Samplé. . . G
B ‘. The sample of resfaenf;technidaixtﬁaiﬁinQ*pérsonnéi‘wa§ ;o
. drawn from Air Training Command (KTC) Headquarters dt Randolph AFB and
o - from four Air Force Techhical Training Qenters‘(TTCS)-tsheppard; :
4 " YXeesler, Chanute; and Lowry. B | - A

During the” AIS development ibnf}act,icoﬁFses at the TICs were .
analyzed-to tdentify those which were prime candidates for inclusion =~
in any expansion of the Air Force's CBI\éffort.ngased on that earlier °
analysis, the following courses were iqg1uded‘in this survey of user
. requirements: o -7 - . )

| Sﬂeppard’dew: T L
:  Air-Cargo Specialist (3BRB60531) \ / |
L _ Disbursement Accounting Specialist (3ABR67232) .
Faculty Develdpment.(3AIR75100-4) .

Keesler TTC

o =07 persomnel Spectalist (3ABR73230) F
L . .+ Ground Radio Equipment Mechanic (3ABR30434)
e Telecommuriication System Control Specialist (3A3R39730)
.. . . ' .Faculty Development (3AIR75100-4) T
. S .- B . \
\ - Chanute TTC \ \
" \ .~ ) L x . \ \ N - i ‘ s
| . Aerospace Ground Equipment Repairman {3pBR42335)
Life Support Specialist (3ABR92230) T
Airframe Repair Specialist (3ABRA2735) | Ty

. g\.\v *
>

1.‘_3‘“‘ -

: » : »
e -

-,

~ Lowry TIC . . RS,
CPWRL R — T e e e
.Munitions Maintenance Specialist (3ABR46137) -
Inventory Management Supervisor (3ABR64570-1)
Faculty Development (3AIR75100-4). “ .
. N - \\ v, ‘ R -
" personnel from several other ATC resident technical training pro-
grams were.included in the user survey because of their involvement
_with, and knowledge of, Air Force chputervbased‘training; o

*

S fg}eppard-.\TTﬁ‘f(p"ser;s of LATO) e

w

Health £dre Sciences




- . “Vehicle Repairman (3A\R47231 3ABR4’723") S
N L Aircraft Pneudrau!1c5ﬁ(3ABR32334) x ‘ ’

R e . ‘Plans. and Requirements wasmn . § \ R
SRR « PLATG, Devb'iopment Gmul . SR R e
;:\'13 ;f» g Luwry TTC (users of AIS) | ikﬁ‘x‘ \fs L .\;'ﬂ,f; - g
Ce ‘\ ff ‘¢7‘7 Inventory ‘Management Specialist (3ABP64530) ;”-~. \:f“\\\ -~ N\
~ .  Materiel,Facilities Specialist (3ABR64531) : We oo o T,
LT .. Precision Measuring Equvpment Spec1a11st (3ABR32430) - R
v Weapons Mechanlc (3A3R46n80) T et
\1 vee The Air. Force memoranda request1ng uhe TTCs" nartftwpationdan the » | o
~“. « survey of user needs requested " _..coopération in the Feasibility Study kS
: Survey of the following 1nd:v1duals/agenc1es 1nV01ved thh conduct of
© 7. the above courses: o . o -
‘ g 1. The Deputy Commander for Training e S Y o
7 2. The Training Advisor : - : o
. 3. The Technical Training Group Commander(s) )
.- 4. The Chief,. Plans/Requiremgnts Division . B T
5. -The Chief, Branch Curriculum DeveTupnent\Unwt IS Y
~ TResident fourse Representatlves v T \~§ C
" -Nonresident Course Représentatives S
? . .=Instructor and Course Evaluation (1aM) Representataves R P P
“~,» 6. Course Supervisors of the above Courses .. o o
» 7. .Ten Iustructors;from each of the above Courses." - =,
The part1c1pat1on of personne] from Techn:ca] Trainlng (rr)and 7
*Plans ,(XP), ATC Randolph AFB, was also requested. These staff \ W
agenc1es are respcns1b e for plann1ng, progranriing, adm1n1stering, and
' managing ATC technzca] trainmng at the ATC Headeuarbers 1evel : A
FWiO;~mu;**"§—3'2 Other Air Force Tra1n1ng Sample ‘§;£;“ ' "\, B o ,74
. i N\ N The fefloW1ng 1nstructors and suQerv:sors from traxnwng B _ § *\:5
a programs other than re$ident technical training were 1dent1f1ed for 1n— I
c1usion in *he Survey of*user requ1rements. . - : \ D
PRI T: FTO/0aT instrictors -and superv:sors from~Sheppard Mather, and AR
ST - Davis Monthan AFBs. , ] . \ \
§§;f:*f;§% \if -2, Program managers and staff persannea fram Air Universwty S
, 3. 'Staff personnei from HQ ATC (DO), Raﬂpolph AFI (pwiot tra1n1ng) . e
\‘;V\'. \ . o '\.,‘ ‘ o . ; . .
. ) T N \ -
.;‘ ; L]
o ; S |
%» - , “‘ N , - B \.'«
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-4, Iﬁétnﬁctb%Sfand.staff\persbnnélfffoqundérgradugté Navigator, A

N
* *

W T - 7 Training (UNT); Mather AFB. . T .C

. ) P
L . .

-
- . B

. Y [ v : -
L.

:;\ gdiﬂte,,nbserved-whérgver\tﬁe’participat$ng peusonnel cnu1d‘a;cphmadate
" * the demands on their time, was as follows: e S

*
N

“1..-A group of ‘Air Force participarts gatherad for a 30-minute .
.- . .briefing which explajnéd the purposes of the survey and the

f:ﬁ\*;’?fv»’;'nmhnjngs a{;EAI;°CMI,:aﬂd\ntherfsﬁecigT terms used in the SO

+
K 3 DA * . .

. . "\ ) sﬂﬁvey forms., * -

»
S

*

2. Survey forms whre distributed to théwpartitipadtsg\:

Tw
. . v

v f\\\fBL\ Participant§fCQMp¥éted\tﬁewsurvey forms. -

*- 4, The swrvey forms were'collected. - - e T T

N N -
, . 'S

2 hours. Personnel who could not.stay for the entire session were Lo
- - permitted to take :their survey- forms with them tc be completed later.
In these cases, a representative was designated to collect the forms.

. Some Lowrf TTC personnel were already familiar with AIS computer-based

training, and the briefing was omitted. “Using.these procedures, the
rate of reyurn°fdr‘5urVEy\nymsxwas\better‘than“gﬁ%.\\, e

. Feh“sdme traiping pragrans, other than resident technical training,
" the survey forrts were not-deemed appropriate. In these cases, the
reduirements for a cowpwter-based trainine system. . ,
€nts 70 b e \ : ‘
. NI BN . & > - \ - \
. 1.5 DATA BALYSIS PROCEDJRES ® " s oLy
‘ 219 TRY AR . N
. v The raspense data--ratings o payoff poténtial for the CAI/CHI
' fungtions extracted frow the ‘ccinleted survey forms--vars entered into
‘the AIS computer, - Theh, for each iten in the Yisting of functions, -
¢ mean payoff ra%tings and distributicns of ratings bz‘groupings of re-

. spondents were derived. The grouping of princijal™interest for the : -
' design phase of thts- study was "all ATE resideat toechnical braining
srespondents." .Groupings oFpATC respondents involved with trdiping pro-,
grams cther tifan resident tchnical training were of interest in:
Jeseraining the .extent.ts which the Tow-cost system would he able tv
wmeet the needs. of other types of Air Force training. R ‘
- The varicus groups ingluded in the survey differed in size,

'fﬁranging.fram 1M€Q\€3\particiﬁ§ﬁts'per‘gPOup,y It was assumed taat all’
grdups wers of equal, importance and should contribute aqualiy to tne

v, The nepessény‘surﬁéy data wé}ewcaiiected.at-é&cﬁygf the sites .
:?i\\V1;<;identifieé\as\partiuf the -user survey samplinc. -The preferved pro- .

" The total time required for" this procedure averaged approximately

" participants vere interviewed to determine their particular functional -

-
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. * by averaging the means- from, each groum entering into the analysis.

Thus, the size of a groys did not getermine that gréup's contribution .

s to, the overall meankratfngs}‘*'if‘ . R

[ 3 . N e

‘\ ‘h. . . . . . i V \ « L : . o Yo ' > N N ]
Ty 3.6, CETEAMINATION OF FUNCTIONALREGQHIREMENTS - . . .

- N »

. . SN \ . - i . . N . B . ] B é"- R \ - :3 ’; .
e v o The user ratiags of the CAI/CMI furctions and the syste~ impasts’ -’ -

=t . - .of thase fune.ions were tho prime. considerations in determiding the *

o s Functional recuireents’, for ths lﬁw*cost~sxstém:;fThe3End product was
. & . alisting*of CAI/CML finctional requir ‘
-~ 7 each function that i be eithpr retained as a function to be providg:
a% - by-the lcw-cost system or eliminated from furtHer sonsideratiod. |

-

N

3.C.1 Redults From Resident Techhicel Training. - ..
S K g : N i

>

. . N s
NI A Y Ls

- 7 A total of 268 personnel involved "in resident technical %

training completed forms for the survey of user functional requirements,

o The iistribution of participanty is.shown in Table J. .
. The results from the survey of ATC resident technical training
prograas are shown in Appendixes € and D. Apwendix C tists the

indicates th2 mean payoff ratirgs anu the, system fupacts {files nzeded
~and estimated CPU usage) for each of-the functions, Fppendix b lists

- ~the functicns in order of average estimated payofT,\and"inc]udesjzh%.
~distribution of ratings given t6 the functions by the survey- nartici-

Fames., - o . N .

. .« Tre user survéy,feﬁult§\gan~be surmarized as follows: -

~ . : - ‘ e« . \ . . ‘“\.S\\

\ 1. Mean.ratings of the 134 functions range Yrow the highest-
., » - rated item (Flag Test Item Alternatives Missed by More Than
S . 70% of Students) with & viean rating of 2.07, %o the lowest-

rated itam (Studenis Select Decired Alternate Module Assign-

- . .ments) with a meanr.rating. of 3.7, .

¥

d . . . .. . ~") ‘ . ) . . . “\ V- - . . R
Dean payort ratings. Therefore, means were derived for“each function

wirements plus & .recormendation for

~Functicns in the order in which they appeared on the survey Torns ‘and .

2. 0Of the 181 listed functions, €1 received averaqge ‘ratings (.

LA

R “better than 2.50, and 115 received average ratings less than .

S worse than 3.00 (moderate payoff). .

| . \~3.\.Ei hty;twnxof the functions were rited 1\(veryfbigﬁ\P&Y0f}) or .

R : 2 ?highfpayﬁff) by 50% or more of the 268 participants. . .

v .o b N - L N T
.~ " 4, Even the loWest-rated functions (Students "Seiect Alternatives,

~6r very Kiigh payoff by more than’;% of the participants.

Cw . . - Law . RN
e : ' S B Y2 . N

and Heuristics Rules For Assignment Selection) were rated high
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e ~Loemmwpnﬂsw - . INSTRUCTORS SUPERVISORS TOTALS ",
| ’SHEPPARQ mwoo s e R

Y “; Air Cargo Spec1a1}s o9 8 e L.

]  Disburseient AAfcounting’ LY 3 e s N |

' “Faculty Development SR | B AR 11N o

Hea]th tare Sciences oo 9 PAR | U ‘
¥ Tota1 Lt e . 65

R SN

L

KEESLER TTt B C
S RN . . o T -
Ground Rad1o Repa1rman
© .= Personnel Specialist
.. tf*i Facuity Development
) Telecomnunication Specialist
.. N Total

oL N

Cem

. 42
ﬁgi CHANUTE TTC | 1' e T

IR AGE Repairman e - 8 - ]
-+ VYehicle Repairman \ .15
\ere Support Specialist \ 4 -~
<. Aircraft Pneudraulics T 10
Airframe Repair Specialist 5
 Plans and Requirements Div.. = = -
IR »PLATO Deve1opment Group ‘ - o ~
0 ; Tota] . b . o 84 .

BOPwWNWO

“

L.
A

 LOWRY TTC S ‘:&5. :

Inventory Management .
S " Materiel Facilities

R Pg!g1s1on Maasurement Equip.
y . ntory Mgt. Specialist
-0+, Munitions Maint. Specialist .
MR ‘Neapons Méchaniv . "
Tota! ’ o L 63

) RANDOLPH~AFB (HQ Ae) .

\ Téchn1€a1)Train1ng (TT)\ . L= . \1; ]
Ptans (XP “ R o ‘

T | B T RN
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* - 5. The h}ghest-rated functfons (F]ag Alternatxves M1ssed By More ;‘
) .Than ?Q%), was rated no payoff by onhy one of the partlcwpants‘ -

6. The. numbers of X (don t know) responses rénged from. 4 (fur on

_ Line Test Capabilities)- to 55 (for CAI Authoring Ed1t0r~, .
. \ \.Autcmat1caily Structures Sequenczng Of Frames),\ L o :\ )
: ;é L \ Mean ratings and correlat10ns between rat1ngs from tr Va#tous i' .

resident training organizations involved«are shown in Tabl® 2. The \
- overdl] méan ratings range from 2.91 (slightly better thap moderate’ e

$\;W' v - payoff ﬁ;verage for the 184 functwons) at Lowry up to 2.48 (midway . ST
e .. betwee moderate_and high payoff) at Keesler. The correlations. are all - L
BN -~ positive and. range from 0.30.for Lowry/Randolph up to 0.78 for Sheppard/ ;\j.i“

_Keesler,' There is moderate ‘agreement ‘between organizations .in "their
o, \ \ ratings of the functions and quite close correspondence- ‘between organ-
= izations in their overall mean ratings. In other words, the organ-
: \ -jzations showed moderate agreement as to which futhIan were most, and
g - least, important, and- agreed rather closely as. to the potential pavoff
;} ‘ of CAI/CMI for the?r part1cu1ar tra1n1ng operat1ons .

| TABLE 2. MEAN RATINGS EROM RESIDENT TRAINING ORGANIZATIONS
AND CORRELATIONS BETWEEN® ORGANIZATIONS ’

" LocaTion  me : _  CORRELATIONS .o
| . : " RATINW KEESLER =~ CHANUTE LONRY \RA&DOtPH o v
.. SHEPPARD  2.50 .78 . .57 .41 .3 !
" . KEESLER . = 2.48 I . - FRT: S §
CHANUTE  .2.62 .- ., .63 B
CLOWRY 0 2,91 . T e T 30 e
RANDOLPH . 2.78' . o A
Mean"ratwggs . from personnel with and W1thnut CBI experience at . o
qury and at Chanute are shown in Table 3. These comparisons are of \
R interest in determining if experience with CBI results in any overall ~
R "~ change in how the payoffs of CAI/CMI functions are viewed. .At Lowry
- ~TTC, the average rating from personnel in AIS cournses was 2,70, some- |
what better than the 3.13 average for personnel in the non- PLATQ o . ;

courses. At Chanute, the overall mean rating from personnel jn PLATO

" courses was 2.37, somewhat better than the overall mean of 2.58 from
o w " personhel in the non-PLATO courses. It appears that experience with EBI
.« “did not marked]y affect the mean rat1ngs of‘CAI/CMI functxons. ' ‘

-
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. . » . . .
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. TABLE 3. MEAN ‘RATINGS, FROM PERSONNEL ASSOCIATED WITH -
e .t ... . COMPUTER-BASED AND NON-COMPUTER-BASED COURSES =~ o

»

-
L

AN

. . . . .
R . R a . . >

: . 8 . < . -~

+ "WRY TTC \ ' . o : \ \

. . . o L4 . N - v

: N N : . » N ~ ¢ - . - .

. »oo NN Cor . ; i o :
\ ’f\\' PR NS L \ . o . N L N . . . o
RIS COURSES - ' MEAW | NON-AS COURSES ~ -~ MEAN - T o -
© . ventary Management '~ 2.88 " Inventory Mgt. Supvr. f 3.46 - -
t.., o terfel Facilities . 2.51 . Munitions Maintenance  3.25
T ‘ecis. -Meas. E;qui\p.\ ;2,89 _ ' Faculty Deve}bpnumi- 269 -
»  apons Mechanic = - -« 2.52 .%. e

<

. ~
A L) N NN N )
OB h '
B .
- [N B ~ . . .
. . ¥

overaliMeans , 270 . ¢ mast T

A
v )

o o f‘WANUTE TTC \\ ’ 3 :\ \\\“Fivzw«»ii‘H\oT;‘ifvwf . | -
L PLATO COURSES ,  MEAN  NON-PLATO TOURSES - MEAN - v

o

“shicle Repairman | ,3:06\‘f“ AGE Repgirman; : | \2.45;
. eudraulics T 2.63  Life Support - - - 2.58
| .ATO Devel. Group - 1.41 " Airframe Repair . . r2.70

¥

1

o overall Means 237 . . 288

% » . — . . .

~ The last item on the survey forms asked participants to list any
ditional functions that should be provided by a computer-based train~
ng system. There were 57 participants who responded to this o ~
uestion.. Most of the responses added more detail to already-listed A
unctiops, or commented {positively or negatively) on the survey and on S

Blc The substantive suggestions for additional functions, and the sub-

equent actions taken, are as follows: : L
‘ 1., System to ‘adjustithe honor graduate score to keep within the
; " 10% ATC, requirement - Action: ‘to be included in the low-cost
" R "system specification. -, " o - —_—
2. System to provide a data base to handle credit in the =
oLt ~ Community College of the Air Force (CCAF) for courses o
.. completed - Action: not to be included in low-Cost system,
e D \ because of -potential .interface problems, and because the .
low=cost system is to be a local system. L \ .

AN LN

3. " System to provide gdial-up 'c\onmr\satiuna\l capability between
‘terminals, for student-instructor interactions - Action: not -
to' be included in Toy-cost system, because of 1ikel ihood of

C . : TP
Y. S o

oo, ek




L , m1suse ahd because the 1n1t1a1 10w—cost system is oraentgg
. % % . -« toward ldcal resident technical {raining use, rather than .
. term1na13'ﬂ1str1buted at remote- locations. L T C e

-
-

=&, System to assign 1nstructors automatical]y, w1th1n the ¢ourse,
: based on qualifications, availability, etc. - Action: not to” ~ .
i - be included because,of unfavorable institutional change '+ . ., -
- ;~‘gf;‘ ~ dspects and overlap w1th other A1r\$0rce personne1 management R
T ~systems, - o o -
, :»ﬁ* LN N f .
ot " . 5, System'to ass1gn graduatwng students’ to duty statlons based - f‘
.. % . on-student prof:cienc::z;def1c1enc1es and on duty stat1on o
e requirements - Action: /not to be included, ‘because. of unfavor-
o ~ able institutional change aspects and over]ap w1th other
\q\;_ . - personne1 management systems o
T Exam1nat10n of the survey results leads to the conclus10n that all ®
Cf the CAI/CMI .functions, are of some potential Value to resident =~ =
‘echnical” training. - Furthermore, estimates of payoff potential range
long a continuum, without clear separation points, from low payoff up
o high payoff. The moderate correlations between organwzat1ons suggest \
\ ~ _iverse training needs -- i.e., the subset of functlons with the great- e
") . st payoff potential for one AIC organization is not the subset with oL
;reatest potent1a1 for another organization. The system impact \ :
stimates shown in Appendix C indicate that file requirements and CPU
. .imes are determined principally by inclusion or omission of major .
\.swroups of functacns, pot by inclusion or. omission of a few functions s
- 'rom within a major group.» Therefore, even though specific functional )
equirements differ fxom program to program, it may be most practical .
.0 provide a system which has all desired capab111t1es and a]]nw the . -
\;rograms<te use those funct1ons they want and’ 1gnore othgrs . \

. Asqthe finaI step- in the analys1s of functional requlrements for
\TC res1dént technical trainwng, AIS experience and Jlessons learned
jere applied in determining the final list of CAI/CMI functions to
:nter intd 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 system, are listed in Table
}. The retained functions enter into the: system ana1ys1s and ceswgn

,xvhase of this stuey o e » .

‘20 A
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L TABLE 4. -FUNCTIONS OMITTED FROM THE LOW-COST I
. T0JT . SYSTEM SPECIEICATION, AND RATIONALES FOR OMISSIONS - .,
" FUNCTION (Complete Statéments are in_Apendix A)JRATIONALE FOR OMISSION .
* 1.7 1A STUDENT TESTING AND EVALUSTION - CORRECT SCORE ‘FOR GUESSING/ . -~
.., Rated low in survey of Air Force needs, npt viewed.as - ..

L

"~ educationally important by ATC personnel,: = -

c 2. 1A3- STUDENT TESTING -AMD EVALUATION-WETGHT QUESTIONS DIFFERENTIALLY/.-
AR \Notgpract#ual,éin‘Air:Fnyceﬁcourses,xtoidetgrmine the weight- * . .
Qe - - ings, Requitres subjective judgements from-subject matter L
. . ~ experts, or requires a large amount of performance data -
et e  collected within the course and from the field, with time-" .»
; - consuming data analyses and interpretations to relate \
* . 4 responses with field“performance. ' The demand on course. . .
., personnel to_accomplish these -tasks is not worthwhjle, in
] . terms of edutational benefits.” -~ , . -
- 3. 1A6 "STUDENT TESTING AND EVALUATION-PASS.SPECIFIC QUESTIONS/ . R
o .Rated low by ATC personnel, viewed as low payoff. Determin- .
~ jng critical "must answer" questiohs-requires subjective
N judgements by course. pemonnel,*supﬁl‘emented with data . .
: coliection and analyses to validate the décisions. The ed- = "
ucational returns wili not justify the.demands on ATC course .
Cpersonnel. . . ..o o=ow ) |
CF

3 D N

_The costs of software development. for this capability, and”
the demands made on -authoys, outweigh.the educational gains -+
that ¢an be expected in ATC resident technical training. s
Authors are required to specify, in great detail, allowable
, alternate spellings; alternate orderings of words, atc.
Jeouo, - Only after’careful ‘observations of student responses‘can an
C author determine that the correct answers are all treated as.
correct and that all the incorrect answers are scored-as. -
. . incorreet. S o R \ "

.+ 4. B4 STUDENT TESTING AND EVALUATION-ON-LINE CONSTRUCTED RESPONSES/

N

5, IB6 STUDENT TESTINGIAND EVALUATION ON-LIME, ADAPTIVE GN COURSE
L. PERFORMANCF/ ST - . e T e
SR -, Too difficult for authors: to define the adﬁptatioﬁ'to?he\\
» - used. Requires data, and analyses, to relate-student
performahcefOﬁ“ﬁxhar“Tessansfin“the«cnurse\to\“whatwshauld~\\.
. be done at this step in this test?" The necessary analyses

»

LT . and interpretations are, ‘practically, not cost effective
v ~in ATC. resident tochnical training C x -
6. 1IB5 STUDENT ASSIGNMENT-ORDER SELECTED BY INSTRUCTOR/ ' . I |
This capability, if provided, would impose on instructors

the task of determining the gequence in which each student
should take the course lessons. It is more practical to

N ‘ ’

L 4
- e . .

-
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\~3; IICZ STU DENT ASS IGNME&T-STUDEN* SELECTS DESPRE“ AL'ERNATES:

Rj

| TABLE A (Cent1nued) ; e
ha«e the system make ass:gnments based on crwterwa deter-
mwned by the Brancﬁ, with 1nstﬁucters overr1f1ng fbr "

except17pa] cases. - . j; ..

. -
-

STUDENT ASoIGNMENT-INSTRUC?OR ASSIGNS ALTERNATES/ . S
As-for the precedino item, the ins tructor is freed. of rnutxng e
. if-the system makes the assignments to a1terwates,‘w1th tne

1nstrqu0r cuerr1d1ng for excepy ana1veases. ’

-

' Rated very low by ATC-~insiructional pajoff is believed Eb be’
 quite smal¥. OCmitting this function still leaves the in- °

©_Structors free té~overr1de, so ‘that a student who can con-

“vincd an instructor’ ,o “intervene maj take anx desxred
§

alternate. v : s

. 9. 11185  STUDENT PROGRESS HANAGEMENT ~GRADUATES: SCHEDULE ouT-

. 16: 11IC6-

PROCESSING/ - w-
The system will flag those. students who are to graduate

‘during some designated twme period. Yowever, Lhe prablewﬁ

of 1nterfac1hg with all of the organizations involved .in out-

~ processing students is ﬂuts1de the scope of the low-cost

system effort. . . .
STUDENT PROGRESS MANAGEMENT—MANAGEME&I TARGEIS RELATIVE o0 0
PLAN OF INSTRUCTICN LENGTH/

~ Average course length is more immediately re]ated to

curriculum changes than is Plan of Instruction length.
Therefore, nffagement functions which are ‘relative to
average course length will reflect shortened or Iengthened\\x

) curr1cu1a snoner than 1f re]at1ve to Plan of nsuruct1nn

length

n. VB4 COMPUTER-AIDED INSTRUCT*ON (CRI) TOU»H PANEL OR LIhHT PEN/ :

Rated low by ATC personne]. Seldom needed for' student use. ‘\\ 
Principal value is in preparatwon of graphics: displays for
.- CAI iessonsw This will be accomplished-at a graphics

terminal, in the Iow-COstwﬁystem, rathew than at a-student

o jw1nteract1ve termznal

12, VIIG

INFORMATJON RETRIEVAL AND REPLRTS—PRESERVICE~E ICATIGH ¥QC.
TRNG., TO MAKE FORECASTS OF FIELD ﬁERFORMANCE/ Y
Difficult to derive pred1c*1ons based on pre-service AR
vocational egucation data. Good predictions would require,

- for each course, a-sufficient data base from which to.derive
- reasonably accurate regression equatwcns or-heuristi¢ rules,

and the skill and bme to perfom and mterpret the #nhal yses.

- 3
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16, VIIGS INFORMATION RETRIEVAL AND REPORTS-PREDTCT STUDENTS'\$

- B R S O
@ N ib. A “ RN
- [ N
o T *
T e
‘ s " v { '
A - ) . 7 i -
. - .
rd _‘\ - AR F ot ot ) \'
» ;}-‘ wy - -
TABLi 4 (Conc1uded) 4 A
-

DEFICIENCIES TO~MAKE ‘FORECASTS OF ETELD RERFORMANCEL B

v o 1’ . Rataona\e for.amQSSiun, same asr for- VIIGl above?fyﬁ?f R

W,

Field),. VIIGZ will be prov1ded by~ the lTow-cost system. -, Reports e

o the f1e1d based on, 1n~servwce traxn1ng perfbrnance data LTl W i

g,

18, vxmz SPECIAL REPORTS-INTERACTIVE RETRIEVAL/ - e o
T . Dropped in favor of the h]gher-rated Interactzve Sy e vy Ty

s viIG2. INFohMATmN RETRIEVAL AND RE#ORTS-'PRESERVICE occuwmen AND -

~ JOB EXPERIENCE TO MAKE FORECASTSCOF FIELD PERFORMANGE/ - R

- Ratﬁonale fOr omxssnen, same as‘*br Vfisl abave. N S *:@5‘\”f e

~18. V1163 INFORMATION RETRIEVAL AND REPORTS-AF PERSONNEL" REr.oRDs DA'M‘ L
S e i (ASVAB 'ETC.) TO.MAKE RORECASTS OF FIELD PERFORMANGE/ . .t
;11}_\f~ Rat1ohaie for, omass1cn, same.ﬁs for VIIGR above \;\;sfg: e e T

15, vIIES. " INFORMATION RETRIEVAL AND. REPORTS-SPECIALTY-RELATED: /i ' =vii & o,

-7 ADAPTABILITY, PERFORMANCE, ANDPROGRESSION IN‘ OPERATIBNAL S
~ © FIELDASSIGNMENTS/ = ° SN
‘ Rataona1e for omlssion, same as for VIIG] abbve.\\ \ N

B o \wf‘:iy\z
NOTE: Of the VIIG set of funct1ons (Performancg Forecast Reports to' the e

.‘:"\\ . '};\ B
Y VIIH] SPECIAL REPORTS BASIC DATA RETRIE¥AL, BKGD/ Con T
. . Dropped in favor of the higher-rated Inﬁpractxve T G

N Retr1eva1 Nwth Statistics (VIIHB) oo W R R

Retraeval w1th Stat1st1cs (VIIHB) T con
[ R ’ [ ' Ry
q L
" . \ X .
e
) ) .
3
; ~ -
¢ ) \ ' A\ )
: ) .
H) . .
. A
- 5 - NN R ;
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3.6. 2 Results from Other Awr Force Trawning Programs
Y
In addwtlon to surveywng "ATC resident technical tra1n1ng
requ1rements, other Air Force training programs. were also included.

- The.pdditional programs, and numbers.of participants, are Yisted in
" Table 5.- As déscribed earlier. {Seation 3.4.1) and as indicated below,

data were collected using survey forms and by 1ntervaews in wh1ch the

\éurvey form served as a gu1de

.‘\i\'aj\" . i ) . i . .
N TABLE\S..\ADDITIONAL PROGRAMS INGLUDED IN SURVEY, AND
\ - NUMBERS OF PARTICIPANTS 3 | \
. s T . . INS?RUCTORS 'SUPERVISORS
. - ~FIELD TRAINING DETACHME&TS & ON- S -
. THE-JOB TRAINING--SHEPPARD,: = ;
“ 5; 'WTHER & DAVIS WONTHAN AFBS s v
¥ ‘ Survey Forms a - B ;%%‘.\f .9
o 7Iptervvews - - | \\ \* ‘\ %  ~ f | 5. .\
© AIR UNIVERSITY ~ x SRR S )
- o SurvéygFarms\°w“ L I v \ 1J
f\. N ) ) . \ . . . 13
j \EXTENSTON COURSE‘INSTITU#}’ﬂ‘ | o o A
5? o Intervwews \k V‘\’l B S o= 8
S 1) ATC (00), RANDOLPH AR . o
- L 6Pi]ot-Tra1n1ng)* “ S
e ~ Survey Forms ‘\i " '\ L. - D I
.t MATHEg AFB_(Undergraduate «- ' . A
o ‘wNav1gator Tra1nnng) o N -
A Suﬁvey Forms R : \iuﬂ 2 5
e Inter‘\uews - . 6 n .
} F oo TOTALS L T 505 .
- . * Exp11c1t def1n1t10n of the computer-based functions required by .
. ~ Flight Training is given in Data omation Requirement DAR A78-2,
. Time Related Instructional Management for Pilot Training, Air
o Train1ng Command, 29 June 1978, - .
- -
¢ ‘ ‘ [y »i'
. ’ 24 D% ‘



. Results from the survey forms are tabulated in Appepdix E. The,

* mean ratings, and the correlations between ratings from the various pro-
grams -are shown dn _Table 6.. Residént technical training is also
included in Table'6 for purposes of comparison. .

' TABLE 6. MEAN RATINGS AND CORRELATIONS FOR VARIOUS
~'e 7 AIR FORCE-TRAINING PROGRAMS . = .

~ .

B

. OVERALL  ____ CORRELATIONS . _ 7
LRI . MEAN - - .- |

' PROGRAM* RATINGS _UNT  PT AU " RES _

0JT/FTD. ~ 2,92 .25 T .04 .34 .37

*

o owr 268 0 73 - .08 .13
N S ¥ R | 20 -.08
Y YT | o 5T

RES. " 2.62. T S

o * On-The-Job Training/Field Training Detachments (OJT/FTD), Under-

AR . graduate Navigator Training (UNT), Pilot Training (PT), and Air -

: \ University (AU).. Resident Technical Training (RES) fs included for
comparison. - ' . : e

. - . s
ef“\ » * \J
-~ . . . : [

S  The-bverall mean of the ratings TroM‘res}ﬂent technicaT'trainkng
e is 2.62;;-<between\High\(z.o) and Moderate (3({0) payoff. The mean -
- rating From UNT is down only slightly (2.68), followed by 0JT/FTD .

- (2.92), PT (3.09), and AU (3.31),* These other Air Force ‘training. pro- .
\ -, grams~do see payoff potential in the CAI/CMI functions, but not as much
.t . potential as' in resident.technical training. The correlations indicate
° . some commonality among-the needs of OJT/FTD, AU, and resident technidal:

training (correlations of .34, .37, and .51).- There is also consider-

} . able commonality between navigator training and pilot training ..
i (correlation of .73). . S <. q

Y . The notes from the interviews were analyzed, and the results are
shown in Appendix F. Because the survey form served as a guide.for the
interviews, the responses fall into the seven categories used on'the ..

3 survey form but do not correspond exactly.to the wordings used in the
... ..survey...Each function listed in Appendix F was -categorized as either .
- (a) already provided by the funmctions 1isted on the survey form, (b) =,
already pravided by the survey form functions but requiringminor ~

modification to -agapt from residemt technical training (for example,-
CR reférencing test Vtems to Carder DeveJopment Course valumes instead of

L .. to resident training }essons,toﬁ’(c);pot provided by the survey form

S - functions. . These' categories are also indicated ip Appendix F,

» N . . s

- oo . ». . .
o L s . . Can

-

o tes
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:~termina1s,~and‘associatgd support hardware. - .

. 4.1 CANDIDATE CPU ARCHITECTURES

" 4.0 “HARDWARE SURVEYS AND ANALYSES'

\ WTo'provide\a\framewbrk for configuring a low-cost sysiém,*tbe\
following training scenario and design-goals were established: \

-

1. ~Approximately 500 students per §hif%§\éhr011edfiﬁ\fivekcbprses}

. 2. Not more;than 10% of thb\stUdents usiﬁg~€AI at any\oneftime.’»
3. An average of five CMI' interactions per student per shift,

4, Not more than ten administrative personnel on-line at any
_ One time, L R ~ . S

. 5. Productive response times as follows: -
a. less than or ehualﬂto 1 second average response’%ime for
. simple, operations. - A . -

b. less than or equal to 3 seconds average response time for
more complex operations, . . ’ o
The training scenario and design goals suggest‘a\p}obablé pri@e

range (1979) 0f,$500,000 -to $600,000 for mainframe;‘periphera]s;.

\ .Surveys\ef ﬁardware wére restricted to selected equipment items in

‘the areas of ful] size and minicomputer mainframes and peripherals, data

processing equipment, terminals, and related communication systems.

Equipment was evaluated as to its potential for- apprication'in the .low-
cost system., The survey methods included reviews of literature, trips
to remote .sites to consider classes of equipment or specific hardware,

£

~and visits to ‘trade shows and seminars. The DataPro Research Corp.’

(1978) and other surVeys furnished preliminary reviews of equipment

" -manufacturers' specifications on computer myinframes and peripherals, .

terminals, cqmmunicatienS“systems,‘andgsoftwaref

»

-~ The purpose of this’ﬁbrticn of thar study was to\anaTyZE’exfsting

computing architectures and to identify ene which would provide a cost
. effective approach tq supporting ATC resident technical. training pro-
. --grams.  To accomplish"the thitial investigation tasks, current pub- =~ .

Tications on existiny computing architectures were examined. Then,

. considering functional capabilities and acquisition costs, a number of -

existingucogputer\archfteéturés were selected as an initial set of can-
didate CPUs for more detailed investigation. Data on the efficiencies
of each of the systems were analyzed to determine the best perforhing
CPUs. Then, the criteria of software quality and reliability, hardware
reliability, and efFECtiveness~of~maiytenance service were considered

. \ ' . 25 | ~9 . ~\N7 i ! . 0
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~ could fulfill the functioral requirements. However, the CPY and ihput/
~Nputpqt\(lfﬂ) power they proyide are not necessary in this application, -
Tapd the gosts of ‘such machines aré above the expected price range. Many

R 4

"~ " npecessary power.

v

. 0

as additiona],évafuatioﬁifacto?s. .. . '\'

Within the framework;of“thefg;;iﬁing scenario, design goals, and;\
evaluation factors described above, many large-scale and super*coqputers

¥

smaller-scale computers are priced attractively, but do not provide the
“In evaluating candidate architectures, millions of operations per

second {MOPS) was used as the unit of measurement, rather thap millions
of instructions per second.(MIPS), because the*MIPS rating cah be mis-

Teading. Machine ] may have a higher MIPS rate than‘machine 2, but it -

may take machine 1 more dnstructions to do a given amount of work.

- Machine 2 could actually have a MIPS rate that is less than machine 1

and'yef accomplish an entity of work:in a shorter period og\time. ‘

A'MOPS figure of 0,15 (150,000 operations per second) and an’I/0

rate of 24.0 (24 million bits per second) 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 Yine with the training scenario and design goals described:- On the
current AIS there.ara, normally, approximately 500 students, approxi-
matedy 50 on-line ‘terminals (including CMI terminals), and response

times similar to those given previously. Therefore, the capabflities”ofi

the current AIS system are known. The CDC 6400 (equivalent to the AIS f?fi\

0,17 and I/0 rate = 24.0. For adequate performance in the low-cost

_system, a MOPS figure of 0.15 and an 1/0 rate of 24.0 were determined ~
to be minitums below which unacceptable degradatign of pérformance would

restit. ~

L

After evaluating the candidate CPUs, the Digital-Equipment Corp.

 Cyber 73) which was selected as the benchmark system, yielded MOPS = ~ ..

.«

\(DEC) VAX 11/780 was selected for purposes of developing a system design

and cost analysis for the low-cest CAI/CMI system. Although this is not
the only CPU that will meet the functional requirements for the low:cost
system, the VAX 11/780 s€rves ax the example CPU in subsequent seﬁtions

. of this study.

»

~If the functional capabilities required of the low-cost system were
reduced,” some corresponding decrease in computing power { :

: \ and in CPU
cost) could .be realized. For example, if it were'desirediiko support the
same students but with terminal response times of 10 secofids- instead of

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

capable CPU could be~chosen. It should be kept in mind, however,, that

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

ducing the computational capability of the system would reduce ‘the-cost,

- but the responsiveness of the system would also be reduced. For these °

-

o
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reasons, it 15 more cost effectlve to choose a system wh1ch w111 yield
" the higher level of productivity at a small increase in cost. The
terminals represent about 50% of the cost pf the system, Major cust
reductions can only be achieved by eliminating major areas of
capabwl}ty (CAL Qr CMl for example)g thereby reducing the cost for
term1aa S, \ . - . :

§,2 SURVEY OF INTERACTIVE TERH&NALS .
| ‘The capab111t1es requwred from 1nteract1ve terminats by studengs,

 authors, instructors, and other administrative personnel were analyzed,
Administrators need albhanumer1c (text). presentations, principally, and -

;f\ghave very little need for any additional caﬁ‘bilwtles Preparation and
~ presentation of CAl lessons, and on-line preparation 'of mdterials for )

off-line presentation, also rely principally on alphanumeric text
. capability. -However, there, are some content areas and speciai presen-
“tations which will benefit from color and graphics capabilities.. Ih
< gehera1 CAI programs require upper:and Tower case characters, numbers,
_ and "punctuation from the American Standard Code for Informatﬂbn Inter-
change (ASCII) set, and a -next- key for student contrql over the pro-
t gram. “Programs for CMI have the same requirements, plus needs for =
additiondl functipn keys (-back- and at ]east three add1t1ona1 function .
1 cohtr01 keys). . C T : v
The attr1butes of some 300 a]phanumer1c display termlnals and. .
gnpphics terminals wére reviewed for similarities and for ‘industry-wide
~ standard features. The results (below) indicate constraints within
which the 10w-cost\system will have to ke designed if nff«the—shalf
terminals are to be used. The relative merits of various terminals were
evaluated, and candidate term1nals aré recommended for .use by students,‘\
. authors, and adm1nistratoni in the low-cost CAI/CMI system.\ \
~
\4.2.1 Dlsplay Format : S S T

>

: A furmat of 80 characters per line is standard for most»\‘f\\
terminals. Alphanumeric terminals commonly provide 24 or 25 lines, and
graphics términals commonly provide 34 or 48 lines. Most terminals
provide as stgndard 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 alphabet, .and extra

~ 'symbols). “The 96 characters are considered necessary for the text -

\{;\requ1rements of the low-cost CAI/CMI system.\~

-

Symbols are formed within a dot matrix on all the terminals, $

‘\\\Characters using higher resalutionxformats 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," “p,"
"q," and "y" ‘extend below the matrix used with capitals and numbersa .
; The 10W~c6$t\graphics terminals reviewed have a picture element

N .
&
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160 pixels horizontally by 192 p

~ © grams, for example.. Most of the
~© not provide line drawing capabil
. brightness levels, or the capabj

{pixel) of resolution which is some fraction of a one-character matrix.
The range of resolution standardly available ranges from the lowest,

-

ixels vertically, up to the highest

- - resolution, 640 horizontally by 476 vertically.

ﬁManjvﬁrbgramsfuﬁedgéthhé\fdw-costCA1/CM1\systemfwou1d»benefitt
“from\somesaccgntingfmethod\fuwaGYtions of the programs--lides to serve
“as separators in CMI editors or to box in accented words.for CAI ‘pro-

low-cost’ alphanumeric terminals did.
ities; but some provide either two
ity to reverse the character video

for individual fields. Words, sentences, or phrases can be put®nto
foreground or background by using.one of the two methods. The terminals
‘considered as ‘candidates for ‘the loy-cost system have at least one of . -

~+ these two features available. -

Alf\pragrams a}e\expectéq to\sepd\an

* the start of words-or phrases, 0
.Therefore, candidate terminals s
‘is no standard practige for sett
are 'used to initialize the curso

»

X-Y goordinate to positipn
r to.echo characters back to the user. .
hould have addressable cursors. ' There .
ing the X-Y position. Various sequences:
r setting mode, and different values *:

?

are sent to-the terminals in either'X first or Y first order to set the

"

. tcoordinates. '

An édﬁitienél requireﬁént i
terminals must have ‘the ability

s that both alphanumeﬁiﬁgand*graphics -
to erase the screen on-command from the

~ computer and from the terminal user. A1l terminals reviewed had bulk = |

- screen
: w ow . . B
*4,2.2 Transnission Speed
DN . o N . * \ o I 4 .
" A transmission speed

from’ the cursor position. -

screen eraseaand most could erase. to the end of line or the end of the -

-

v

to® o s

of approximately 120 characters per

- second is.reconmended when intermixing upper and lower case alphabet |

and numbers. Transmission of AS
~ quires.the electronic formatting
a start and a stop’bit. To tran
least 1200 bits per second must
. minals considered for the low-co
. »in a switch-selectable range of
_and a1l included the. 1200 bits p

~included electronics to recgive or send data usipg an RS-232C inter-

e face  to,a modem or-data concentr

. 4.2.3 Other Transmission Parameters

?‘fﬁ [ givé‘thehé6Mhutér
\ returned to the terininal,pand to
user's input to the computer, fu

CIT codes over communication lines re- =~

of the eight bit ASCIL code between
smit 120 characters per second, at-
be received at the teriminal. vAll.ter-
st system were able to'receive data -
110 to 9200 or mdre ‘bits per second,
er second rate. A1l the terminals

<

| A R -
complete control over the characters
provide for data integrity of the .

11 duplex transmission should be used.

In full duplex, each character code is sent to~che\§9mputer as soon.as

-
- -
. N ’ v E
N N S
" . . .
. ) .
. K R
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a key hag been\pressed The' camputer stores the s1ngle key va]ue and “
returns for display either the sare code or,some other code which is
Fov exaniple, dur1ng log on, a computer may not

~ program controlied.

er.

conputer.

\\’ %

-

\;regurn the: password for dxsplay byt may insteaa return a spec?al char?

" Full delex alsu speeds up ver1f1ca»?on of data received by the ,0

Half duplex transmission, not recormended for the low-cost
 system, customarily places the keyboard character on the screen
directly, and ¥n parallel sends the" character code to the computer.

The computer does not return a character, so the user cannot verify

the terminal., : N

LN

Full duplex character»at-a time mode also 1mp1195 that data are

-

?

that the computer has received the transnlss1on as. it was. entered at

v

- ' sent asynchronaus!y, with no need "for synchr@nxzat1an w:th the network
R pracessvng un}t .

- 4,2.4 Keyboard

- All. term1nals rev1éwed has a shandard typewriter keyboard
_with letters positioned in the stantard QWERTY sequence. A
requirement noted for the low-cost CAI/CHI sys»em programs is that a

]

~

special

function key method shuu1d be available-to send special non-dwsp]ay

character commands to the “central computer for CAI or CMI pragran or
Most of the low=cost terminals include a numeric pad
> Most of the keyboarQa

- editor control.
and some provide-a number of function keys.

pro=

vide a control key, so that special functions can be simulated by non-

CMI'system. -

4. 2. 5 Interactwve Ternwna] Se]ect:on

RS 8

-

’d1sp1ayab1e control characters even if no function geys are avaxlable.

F}nal selection of wnterdctxve alphaﬂumerlc term1nals MuSt

- wbe based on specific user needs and applications.
functions are considered essential in any selection for a 1ow-cost CAl/
To configure an example_ Tow=cost system, the resulis from

The descrihed .

the foregoing survey were used in selecting candidate alphanumeric and
< However,
these are not the only teérminals which could satisfy the requirements.

- NN

1.

v

* graphics terminals wirich meet the functional requirements.

A]phanumerac text termwna] for" students, 1nstrncbors and

f adm1n1stratd¥s--ADDS Regent” 102 termxna¥ \:, -

-
~

\‘J‘The cand1date terminals for the example low-cost system are as followsb\

%
\ ]

R

Text/]vmw$ed resalatlun graphwcs/cn!ar tﬂrm1ﬁa1 fer students-- «
Inteco]or 88016 termwnal wwth Tower case and functlon keys.

4025 terﬂlnal wwth 3192 words of g?hphwc memory.

v

?\H1gh reso1ut1an graphzcs“termwnal for student use-Tektron1x

T
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i 4.3 MANAGEMENT DEVICES

. factors as the f0110w1ng‘ -

»

~+ A wide var1ety of devices can serve to.accomp11sh the requ1red CMI
functions. In fact, Pf keyboard input for data is sufficiént and if
hardcopy output is not needed, the student terminals can accomplish the

‘TMI functions. The csnfigurat1on of management devices which can best

serve the needs- of a low-cost system installation will depend on such

»
¥

1. Types of input to be handled--manual 1nput from keyboard,
pencil-marked forms, pencil-marked cards, badges, off-11ne
response -devices, etc.w .

2. Types of output required-rhardcopy output; dusp]ay at inter— |

+ active tx;rmma], specialized d:sp]ays ets\ A .

\“3.~'Quantity of input and output to be hand]ed*-number of students, v\
- frequency of interaction, - amount of :nformatwon handled at each -

lnteractwon, etc.

4. Instruct1dna1 and adm1n1strat1ve decisions~--procedures for
registration, absence reporting, testing, prescr1b1ng in-
struct1on, managing student progress etc. . o

In order to configure an example systgm w1th0ut knowing the char-

_acteristics of the installation environment, it is assumed that .

c&pab111ty approximately equal to the current AIS ranagement 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

e]ectronics to .interface with tpe compUter. _However, the management- \
devices i:eeded for.a specific installation site should be deternined by\
analyzzng the needs of that particular site. Considerable cost sav1ngs
might be realized.if simpler management devices are adequate for the
CMI capability. requ1red at a s1te. -

4.4 COMMUNICATIONS NETWORK ° T e
The conmdhucat:on network is cons1dered ) be the equiament
necessary to connect tern1nals to the communications processor, This
section reviews various methods of transmitting data hetween a}hust
computer and one qr more terwinals at distances.up to 5 miles, the

" maximum egpected between buildings for the low-cost CAI/CML syste. 1t

is assumed that aedwcated lwnes would be used on an Air Farce base. *

Equ1pment now avaw]able prov1des fdr stdnuard data format and

Q allows for transmission of such data over voice grade telephone lines.

The ASCII protocol (Vine discipline, control cpde sequence or, data
format) has been widely accepted bj governnent and industry as a com-.

- munications standard. A system using modern data,gommunlcataons

fonmats and ‘transmission media Folds the sromise of long range com-



*

Ry patability and expandability between CPUs and terminals.’ S
. <. . The comunications system for the low-¢ost ChI/CMI system must
provitle for asynchrenous full duplex data transmissian to each terminal
at 1200 bits per second (a'standard speed coyresponding to 120 char-
. acters per second) o allow for immediate chhracter by character echo
.- to the terminal display. Asynchronous operation describes another
factor in data transmission--the.system can firansfer data at the user's
\ * ¢ random rate. Full duplex describes the commupicatipns system as having
+ -~ simuTtaneous communications both ‘to and from the terminal, similar to a

~~telephone conversation between two parties.

Modern approaches to data communication involve the use of readily ;.
aviilable telephone circuits. The most pronisiing options ‘available are; w™:,
t3 provide one or more dedicated line pairs frip the central computer  ~
site to the terminals. Additional line amplifidrs and correction of -
phase differences are not required since the overall distance between
the central computer anc any terminal, is expectel to be under 5 miles.

~ Standard telephpne pairs as presently in use with the AIS system are’
expected t> be availabie for the Tow-cost CAI/CMI system. Full duplex
- operation requires a pair of two-conductor telephone lines to provide
"3 continuous communication link..in both directions between computer and \
termimals. ~ - . T
The two sections following describe line modulation techniques for °
handiing data between the central computer and the terminals. The
. first section digcusses single modems for comrunicating with single
‘stand-aléne terminals,” The second discusses the recently developed
statistical multiplexér systems which permit operation of nultiple ter-

'S e

minals on single communication Vine pairs.
4.4.1 kTransqﬁssioﬂ to Single Terminals ~ "
~ Most host computer-related hardware can transnit data to-
terminals at distances up to about 200 feet. However, terminals
- Jocated at greater distances should not be operated on lines with raw
digital daba) because of signal attenuation and susceptibility to noise.
In order to transmit data to terminals at longer distances, moden‘pairs
_are recomnended. .Modems provide for conversion of the digital data
by frequency shift or phase shift keying of an audio frequency. -
_~ Applicable types of modems include trunk-1ine and short-haul types.
.. .Both typeg provide the capabilities required for the low-cost CfI1/CMI
" system, including full duplex asynchronous modes, diagnostics, and
interconnection to standard RS-232C electronic interfaces. ‘

Short~haul modems generally accommodate a wide range of trans-

 mission speeds and do, therefore, contribute to a system's potential,
for exapnsion. Speeds typically range from 1200 to 19,200 bits. per
second and are switch selectable. The price range for sbort-haul
modems is about $690.to $995 per unit. These modems can be used in

J
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~'\\app11eat1ons requ1r1ng high bit rates, such as seme graphwes appli-

cations, and are good for distances up to 20 miles over uncondd tjoned

1ines. Trunk-line modems are gemrerally.limited in their rangeiof trans- .

_migsion speeds. This type of modem seils in the range of $320 §o $525

- gach, operates at or below 2400 bits per second, 45 good for logg &

Jd1StanCES (up to several thousand nw]es), but requwres conditioned 11nes.

A\ A

The fo]10qug modems were 1nvest1gated to determ1ne their capa-

bilities for self-diagnosis in thesevent of system failure, ease and

abiTity in matching the unit to the telephone lines, and ease and speed‘
of maintenance. A1l of tRe listed modems'are full duplex, have asyn-
chronous operat1on and RS-232C interfacing, provide d1aqnost1cs, and

. have a,minimum speed of 1200 bits per second,

- \\\ N Trunk Lire Modews - J |
\\ﬁeﬁufatturer - a . Model_ No. \\ \y‘f" . Speed (Baud)
Timeplex = . | 202 Up to 2000
‘Tele-Dynamics - - 72027 . Up to 1800
Syntech S o TT-202 . Up to 1800
Novation - 202 .7 .1200/1800
‘Penril ' L ‘$18 G " Up to 1800

Lt .42 Transw1353bn to Hu1t1F1e Term‘“als v

e

~l

S*a*1st1ca1 multiplexers (data concen;rators) are availab1e
off-the-shelf. The units handle sampling tased on active users only,
without wasting time segments on idle or, inactive terminals. The
traffic demand is monitored by a statistical algprithm and data are
moved according to demand. A pair of inexpens:ve statistical multi-"
plexers can provide service over 2 te]ephone c1rcu1ts to as -many as 32

\ term1nals.

3
-

Traditional error correction techn1ques can be app]ied w1th
statistical mu]twp]ex1ng In the event that an error occurs in the
data format due to a disturbance in the communications sytem; the

“statistical multiplexer will retransmit the data, The multiplexers

-

can interrogate each other to repeat a- message to be sure the |
is transmitted correctly. ‘ &

The . stat1st1ca1 ‘multiplexer approach utlllzes a pa!r\oe 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-
quuratzon w111 typ1ca}1y handle four or more terminals. '

. For- the stat1st1ca1 mu1t1p1exer apprOach Qthe modent ' panr, the
communication ]1nes and the multiplexer line ports are required to
oferate at on]y one-ha]f the bit rate of the max1mﬂm composite terminal
Speed Hhen one to eight 120Q bits per second terminals are connected

-

3
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“to an e1ght channe] statastica] mult1p1exer, for example, a channe]
 speed of only 4800 bits per second (3'x 1200/2) is required.’ The -
_eight ‘channel statxst1ca3 multiplexer system w1]1 operate in a degraded \
- Inode while five or more terminals are all receiving data. at the same

;»ﬁnstant .Short-haul modems are preferred because’ of thezr abv]wty to
Operate at faster speed§ at the fl}p of a sw1tch ~ .

System expansion up to the capacity of the mu1t1p1exer 1nv01ves

‘considerably. less cost than adding modem pairs as in the s1nng 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-costisystem with relatively short
© expetted distances from a central computer to terminals, only multi- .
" p]exer systems for 8 or 16 terminals have been ccnsidered 50 . that the
max imum 11ne speed will not exceed 9600 bzts per secand \

The statistical mu1t1p1exers and short-haul modems lwsied in the

following tables were investigated to determine their self diagnostic

-capabilities, ease and speed of maintenance, and ability to ea§11y match

charactetistics to the telephone lines. A pair.of mu1t1p1exers and a
pair of modems are required for g system. The’ first 1tem in each 115t
was se]ected for the example low-cost system. o

.

Stat1st1ca1 Mu]tzp]exers

~\\MMﬁaﬁw‘ " :mw1m._*\  \mxm‘w
| - L Tetminals
Digifafﬂaar . \ L
Communications =~ - \ at }
- Associates = . - . Smart/Mux 115 | . 16
" Infotron __— "+ Supermux 480 . '8
' Micom % 80 . - . . 8
Timeplex - \M-‘B S 8
Short Haul Modems - . /“
~ Syntech .. ~ LDM-7296 “
N Te]e-Dynam1cs Y - . -
- Paradyne . — \ SRM=192 '
. Codex o . 8200 LDSY T
Tooe AN ‘ : ) o
i .

RO
LY




© 5.1 SUPPORT SOFTWARE

linkers, additional coy

»

| 5.0 SOFTWARE. SURVEYS AND’ ANALYSES

" Support software can be defined as all of the sofiware Suppcrting 

"the operation of .the\low-cost system except the instructiondl (CAI and’

CMI) software. . It intludes the operating system, file manager, loaders, ' .

ilers, assembler, and utitity routines.

\ *\ﬁsupport\sgftWQre‘%pk“one sysfem\is\rarely{exécutébve*anfahether -
system because 'of machine dependencies. Therefore, support software is

nufacturer's support sgqftware should be used, instead of creating

~* %pecial purpose software or modifying the manufacturer's'software. This
‘% advantageous for the fpllowing reasons: . . N

1. The manufacturer' is obligated to perform maintenance on the '
-support software, thereby relieving the user of "this respon- -
sibility. P e - &

. ” ‘

?

+ As reasonable requests from the user cemmunity are received, a

~ manufacturer often implements the enhancements; and makes the
- improvements®available to.users. - If the support software is

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

i acquiring upgraded support software.

R :'g\lv\ : facturer will not require modification, thereby saving effort

\f -3 If the instructioﬁai software can exchte°Wﬁthout being

-\ ‘heavily dependent on jpecial 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 software -is heavily dependent
‘on that operating system. Moreover, the instructional soft-
ware cannot be readily transferred to a new system if the
thrget machine does not support the language in which the

' operating system is coded. On the othér hand, if the execution :\\iww\ i

enYironment provides standard interfaces to manufacturer ~
- supplied operating systems, tHen the instructional softwaré
~can \be readily transferred, to a new system. .

~ The support.software for the example CPU (the DEC VAX 11/780) was
evaluated, and\appears to have all of the capabilities required for the
low-cost System., It is therefore usedsas. the support software for the
example system gonfiguration. . _—

. not an area of system capability which should be evaluated in isolation -
© 3 from the CPU. Rather, the capability of support software is one ** "
- \criterion fo be considerad in selecting a GPU. If possible, the CPU -

7\Manufégturers often make #ﬁg;ovémenis to thair\supporthOftwire, .




5.2 PROGRAMMING LANGUAGE

L

~ environment in which the language will appear (the hardware equipment,

Evaluating a programming lahguage to determine its merit is a'sub-- . ,
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 of

" its many features, the same language could be viewed as overly complex

and verbose. The main difficulty is that a language s not “good” or
. "bad" in.absolute terms.  Previous work in programming language eval-
‘vation has shown that the merit of a programming language should be
_determined with respect to (a) the application area foer which it-will"
‘be used (in-this case, CMI and CAl applications) and (b) the computing.

~ the fiscal resources, and the personne] available).” - «.- o
5.2.1 Top }evel Language Goals | f; ‘
+ . \ I - o ‘ BEFEEV
* __Definition of the goals for a programming language should -
begin by considering the application area and previous research intp -
what qualities make a language good. Then, by examining the stages of
+ the program development process with respect to the application area,
. and identifying the most important objectives for a language at the
 various stages, the tqp level goals'tan be defined. : i e
: . . ) . LI : "*

In the CAI/CMI application agea, the stages of the program develop-;

"ment process are-problem specification, design, coding, debugging, and
maintaining. In this context, the following top level gogls for the S
low-cost, CAI/CMI system programming language are established® — *  °

_ 9. Ease of Writing CMI-<Some capabilities are particularly ¢
~ important in the design and coding stages of Cﬂr*prugra@migg;§WVyp
These include {a) allowing adequate record and file handling |
capabilities for student data,.(b) supplying student pre- -
'scription and pacing constructs, and (c) providing tlass-
ification and typing of.data and execution paths. :

2. FEase of Writing CAI--Some capabilities are particularly im-
‘portant in the design and coding stages of :CAI programming. - ~ .
These include- (a) student response judging and analysis, (b)

- easily created and displayed screen frames, and (c) easily

- created questions and .decision branching.

3. Reliability--The reliability goal is applicable during coding,
debugging, and maintaining, A language is reliable if it
\ facilitates writing correct programs. Compile time checking, -
.« .« execution time checking, program testing features,.and pro-
- gram QQPugging\features are factors contributing to this goal.

4. Ease of Learning--Ease of learning is aPPTicab]éfto’a]1 thé‘ |
. Stages of prggramfdevelopment, It engompaSSes unifqgmity\of L

-
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o \ \

syntax and‘contexb conswstency Unnecessary\comhlex1ty of R
syntax and semantics should be avoided, A fairly common set -
of constructs shiould be utilized, suﬁborting as few linguistic® - ¢

\ ‘ conicepts as possible. For example, %=1 is a construct that \if;;;f

o \\ A cou!d also be used- 1n the Iterataxg con§truct . :A}J \

. CRORx. ﬁSTEP 17010 D0 (et Ca T AT e
N ; . i K é RN RN - ) ) ». N . :

RN

. The 1anguage should nct con;ain 1nc0nsi§;enc1es or context = - SR
L dependenc1es (e.g., a language that allows .int = 1 where "int" - BT
R is af‘type integer, but does not allow stng\- “ABCB“ihhere B T

: "sthg"'is of type string, is 1nconsistent in the area of -~ . o« 0 -
a553gnments). . A - \;, T T e

. 5, Mawntainabn]1ty--The ma1nta1nab111ty goa} ]S app11cab1e in the. I S
* . debugging and maintaining stages. ‘A Tanguage that su ports . . .
s maintainab®lity provides’ readab111ty,.ease of soyrce $ tatement o

| change, and. eas11y constructed source statements. BN Lo n
. S AN .
SRR - Efficiency--Eff1c1ency ls relévant iN the codwng, debugg1ng, wﬁ;\\ L
R B .and maintaining stages. "The effic1ency ai;g language.can\be SN
s Wmasured "by- comparing the code the compxler generates (wjth \\ IR
o \g}\ _respect to storage and speed) to that’ producea by a good i e
%&g assemb]y 1anguage~programmer.\ O N

=;\J’ ‘ 5n2 2 tand1date Languages 1*

\ . Surveys of exlsting progrannnng\languages (Sammei ]978 *
Brahan, 1973) were used to determine the.set of languages: which night |
\;fpossibly'meét the top level language goals. : Languages. which could not -
- possibly meet the goals (e.g., those designed for structural engin- -+ .
- eering or lingar pragrannnng) were eliminated. Also, langyages whith -
‘nught meet the goals but were not currentlyi1mp1emented on at least «» - ..
one computer were eliminated. ‘Languages wh1¢ have never been imple- LT
‘mented, or were once implemented, but are no 10 ger supported, were con- oo

. sidered to_be 'too costly to make operational. ' The resulting set of SR
‘ cand1da;e Tanguages 1s Iisted be]ow T F* v . . B W SR
: A ‘!\

. ALGOL\GS - A pgwerfu] geherai purpose, extenswb]e Tanguage used to S ;
B . solvea ﬁarge number of progranining problers. N e
T BASIC - A veny simple 1hnguage used prwnarily in solvwng numer1aa1 gx”ffﬁﬁ‘”“xb”

R prob]ems, but with some advanced féatures. B "

A ganera? purpase interactive’ language used for CAI!CMI.R ;) ™

1/[

systems and app!acatwon programming - R *f»w Co e
COBOL: = An Eng]wsh -tike 1anguage used prwmarq]y fonﬂbu51ness data
o processing prob]ems. \ B n »/\* )
L% o \ . ‘\\\“} . AN o . . . ) .: @
' ' ’ . QO SR e i . - &
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TR CORAKBé < A general purpuse Ianguage used przmar}ly‘for soivwng
. o algebra1c problems. : \ : .

' \COUR&EWRITERvIII - A s1mp1e Ianguage used for prepar1ng CAI courses.

E“LFGRTRAN - A Ianguage des1gned pr1mar11y for numer1ca1 camputat1un.but
!\13; L ased in\mahy\othEr problem areas. . 2 . i
JOVIAL\ - A 1anguage des1gned pr1mar11y for nunerwsaT computatxons and ’
. data pracess:ng. , o L s
5 ﬁQTNAfAt \\i~ A cnurse-autherwng language used in the preparation of CAL -
5§5 ~ ;;w\\ mater1als. _ . - o C
e PASCAL . - A general purpose prqgrammang language
., PILQT - A swmp!e language for preparing CAI mater1a15, . 1
\ rfPLANIT L= A 1anguage (embedded yathxn a system) for prepar1ng and pre-\“. 
T sentwng"on -line 1nd1v1dua1wzed 1nstruct10n, o R
PR ‘»\QL/i .l”i A general purpose 1anguage used to solve a 1arge number of j:
R programmg prob]ems . .
TALK L= An authorwng Tanguage used to pregent CAI materials. :
1'\\TUIGR ~\~-~,,A language used for prepar1ng computer-based~educat1ena1
S matema}s, : : e e
5 2 3 M1n1mum Language:FeatureQ f“5s . .

\ . Language features. were determined by exam1n1ng the necessahy
\ CAI/GMI functional capab111t1es from Appendix C and determining a set. af
@m;,~, sugges ted features for accomplishing those capabw]at1é§. Appendix G

- Tists the CAI and CMI functions and shows the languagé features to R
~implement each function., From Appendxx &, it_is possible to determine Ty
Ia) which language features could be eliminated as functional capa- - L
-bilities are eliminated or (h)-which functional capabilities might have

to-be elimindted as certain language features are e11m1nated The 26 -
*; laﬁﬁuage features are as fo]lews.\ T L

BMHJnmth%of:  L

© INTEGER - e.g., 1, 10, 15 N | N '
*“'REAL-e. . 1.5, 6.10 I -
~ LOGICAL - tRua. FALSE .~ . - e
TSTRING - e.g., ABCDE“\\“ T
 ARRAY - e.g., ary@l) = ary1(x) S . -
\ R&COR' - e.9.% Tec.xs3 - \ o o st e
. CLASS £ e.g., class(cl,c2,c3). - LTy e

S quj‘éng;»\ : o ey = - :
= b T . . ' 4 ! . D) ’
s N . N . . . . :
R S . N < ' DRSNS
wad o
e o s . . .
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NS &;
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S N

AN
Sy e
B ‘ .

T, 5?acking_data§qithinfrécokds\aﬁd arrays s*ngshqu1d»be pa§s

A\

P

.-

R o ‘ - \»\;\ o
* $ET - e.g., X & setl- .. - % L o
TEXT - long strings of textual data convenient for represen-

~ ting lange volumes of data {up to a screen page).

‘2. Support of variable data - It is ngcéssaiy tb,a11ow data to | °
. take on many values throughout the execution of a program.
~ Many programs representing CAI/CMI functions need this capa- .

- bility. An example from-PASCAL is; [ - . . A

N

X'! ]G; : o \;3\ \T\ . e . Fa

L 3

S . o t s

X:=Y., ST . \ ;
. . . . ) * ) N - N

:’3. Support of consiant data -SIt is necéssaryfthaffsome data

remain constant throughout execution of a program. An exa@pte<:“\ o

from CAMIL is: e

© DEFINE INTEGER x=6; X cannot.be changed within this program.

4, -Explicit decl@ration of variables and constants ~ It 15, desin-
able that variables and constants can be declared within a pro-
gram prior to use. This practice is commonly accepted as
contributing to the creation of reliable software. An example
from PL/1 is: B S ‘ e

- *

. C.DELLARE I FIXED INTEGER. . .. . : . .

. Definition of procedures (subroutines) and functions (pro-
cedures that return a value) - Capability to define proeeduves:
and functions: is needed. This allows the CAI/CMI programs to -

_ be modular and therefore relfable and maintainable.  An example .
from PASCAL. ist: S e N

.

PROCEDURE CALC { INVAL: INTEGER);
BEGIN *

éroeedufe“body\\
L T

6. Specification of user-defined data types - It is convenient to

oo hgve by tie-ing expandabl e, user-defined data pypes for use. I
- 7.\ throughout, programs. This feature allows creation of different,

: .typesfbf data beyond the built-in data types. An" example
_. 7 "from CAMIL is:. o R

" TYPE, PACKED RECORD (INTEGER.I; NUMBER N) RECTYPE.

N 5 - .
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to Specify packang data with:n records and arrays to preserve ‘
Space. See featyre 6 for an example of & packed recﬂrd ‘

Autamat1c allocat1oh and‘§ccess fnr Indexed“Sequent1a1 f11es -
It sh0u1d be possible to specify a record or ~group of . records

~ to begin reading or writing by suppIy%ng ‘a key for record

positioning. This feature is necessary for effwc:ent man}pé =
u]atian of student data oa disk \ : .

Autonatic allecat1on and access for- Btrect Access f:?es - It
" should be possible to position to .a particular record by
spec:fying,1ts lotation on disk, This feature is necessary
far efficwent maintenanee of student data on dvsk

* N

Wt T
oy

'y ‘ »

File sharing - It should be pass1b1e for~many processes swmul-

\ taneeusly active oA the CPU, to access:-the same disk data file.

- This feature is necessary for eff1c1ent man1pu]at1an of student
" data on d1sk.v. . 1¢ s .o

‘\

1].,,Record reservatwon - It shou]d be possib1e for @ process to N

lock out all other processes white updating a Student recorg~
on disk. ~This feature is necessary for re]wable maintenahcg *
of Studﬂﬂt data bn d1sk B

. K . i
\'Q"";: :\“.\'

: iF THEN ELSE construct - Cond1t1ona1 branchwnb-(choasing alter-

- nate program pabhs) should be’ pess1b1e. .An axamp]e from PASCAL
15 V— N N »‘. N D '. ~‘E ) '.v‘\\

ot
&

NX<>YWWZ¢A&%Z*B ;fji 5Q;jygj\

Iteratiye statement cgnstruct - Leaps shauld bEvPOSS1b]B ww h-’?s~~*

“in programs using an iterative ‘construct.” Many of the CAI/CMI
functions will be 1mp1emented with pragram 1aops. _An example
from FORTRAN is: ~ . o | R

\”\\

D0 10 K=T,10 q\ﬁ R

N

%o CONTINUE "*f .
Nwwuy cnnﬂ:tranal branchjng*- Ttis necessary to be-able ta

‘choose onhe alternate out of many to 1mp1ement many of ﬁhe
functiens.~ An example from CAMIL is:

CASE x OF e . LR . i \.i\
“\\ ’.43 7 [}
| } '40 & 't ) , 3 -

e
“,

. ifg

L -
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Assignment statement - It must be possib1e to nssigp values

“to variables within the language. This feature is_necessary :
-~ for virtually all functions. An example from JOVIAL is:

A= A+ 8, o

7z

Pragram interrupt detection - A construct is needed tc allow

‘for user interruption-of the normal program flow. *This feature o

is necessary for programs\implementing CAI functions. - An

Qiexample from CAMIL is:

'onnuo
BEGIN 1 . \ ) : -
f haniii the function key fnterrupt . l\\ - \‘\'\
\ ot =
EHD. i ". S .

GQTO’gtatement - An ynconditional branch1ng statement is needed--
‘in the language. This is necessary to transfer to specified

~ sections of oade\ An*example from BASIC 15' “

60 T0 5. ‘

b

Comnunication with CMI termﬁna1s The language must be capable -

of directing output to and receivang input from Ml terminals. )
" Many . CMI funqt1ens requine this feature. o \

cOmmunicat1on with CAl termina1s - The language must be capable o

of directing output to and receiving inpnt from CAl terminals.,

Many CAI functions require this feature. o . s

V\Arithmetic operations - The functions: of‘addwtion, shbtract1on,
\ mu1tip11cation, division, ~exponentjation, ‘absolute value, -

modutus, random number generation, sine, osiﬂe, tangent,. co-

tangent, square “root, strwng'cnncatenatxo , and 1nteger'sh;ft- ;~ ;“\.
- _ing should be available for uge in, GAI ‘an CMI functions. CAns- -
~ example: fram PASCAL 15. L S-SR v . :

xx: Y/2_

\ ,Re]ationa1 operatrons - The operatiens of equa1 not equa], 1ess
‘than, greater than, less than or equal, greater than.or equal,

and set membership must be supported. CAl and CMI functions

§~'uSe these operatiqns. An examp]e from CAMIL is: o

{IF X €y THEN z G— 0. ‘\,V\;* 3 . X
\ilh\ "*g\ méf  \;; o ?; \\duf*\\\ :\\<: \ . l\i
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ALGOLSB «:s-

- supported, for use in cAI and CHMI functions,

Lugica] operataons - The\operatvuns of ‘not, and, or, exclusive
-or, set complement, set intersection, and set union must be

»

TIFxs 1oAva 5 THEN 7, - 25.

An example from

Interactive terminal page orwented textua] communication - It

~ must be possible to display textual 1nfurmat10n by the‘page

~ at.an interactive terminal via the Janguage. '

‘require ‘that. taxt be. displayed at student terminals.

CAI funstiuus

"yTermihal graphxcs - A basic 1ine Qrawing capabwlwty which can
- be utilized to construct terminal graphics should be resident

‘\within the 1anguage. .CAI functians may ‘require this feature

- other documents.

) Hardcopy support - It must be‘possihle to interface with a
hardcopy” printer for genherating reports, program listings, and
CAI and CMI functwons require this feature.

volumes of student data on, an‘1nexpensive backup medium. -
- ysing magnetic tape, areas of mora expansive hlghuspeed disk

hstorage can be freed of student, data.

LN

5, 2 4 Nontgchnica1 Crvteria ‘

determining the cost ¥’ implementin
These criteria are-as follows: .

langua

»

W S

&,

nguagg ava11ab11ity dn recommended hardware - if a candvﬂate

v
N : \ "‘m.. '3 \

N A T e
,&w \'!“

-

Hagnetic tape capah111ty - It i¢ necessary to maintain large

By

f«# f\ whiie the technica! mer1t of a language as af pwzmary- :

1mportance. certain nonfsechnical criteria should also be comsidered 1ﬁ
g the: GAT/CMI funct1ons in that

1an§uage is not 1mplemented on the host computer, there is a .

jrcost associated with making the language s compiler operatxuna]
on the system.w: \ :

tmplementing’ the suftware

\\\.

«can be deve]oped

Ava¥1ub111ty of . {rauned programmers - If there are no. tra1ned
a.prugrammers available for a cand1date language, the cost of

this %anguage will be h1gher. \

\nvatlab111§y of- pragrams providing required CAI/CMI functional
- capabilities in 3 candidate Tanguage - If software to implement

-

2. gQuallty of candidate language documentatian - Th?S w1]1 have a
*~Bearing on -how quickly the softw_é \

\

CAI/CMI functiomal capabilities already exists in a candidate .
language, then, with respect to this crwteriun, the cost of '
_using that language will be decreased S S

: ‘,"f

L]

R



~

‘application area.

\i\\7techniCa] merit score is actually 149.54). This range

5.2.5 Language Evaluations .

- To assist in-evaluating candidate languagés“fbr tﬁe~examp1é

Iow-ébSt;systam,wan~approach”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 procéss of evaluating a programming language. In
this approach, a Fating matrix R, an application vector-A, and an inter-

-mediate vector I are used in conjunction-with a language vector for -each
candidate language to derive a technical merit score. The technical

 merit score and‘Four\managament‘eVaTuat}oﬁ scores for a language are

ch, in conjunction witha . =

entered into a language score vector which
language managemerit vector, yields a final score for each candidate

langyage. The following paragraphs describe this approach, and suggest -
~ _suitable parameters for use in evaluations for the low-cost system. .

AL

Matrix.R\i§\é 26 by 6 matrix whose rows represent\the\lihgu&ge ;

" features (section 5.2.3) and whose columns represent the top level,

danguage goals (sectign 5.2.1), Each matrix element, Rij, is a

" numeric value indicating the extent to which 1anguage feature i con-
“tributes toward accomplishing language goal j. The application vector

mn vector of 6 entries representing the relative contributions

is a qglg C 1
of the“sop levél goals toward the CAI/CML application area. After deter-
~ mining R and A, then R x A produces.a column vector I with 26 entries,

~

each entry representing\thefccntribution~of a language feature tqward\thé

>

",'Each éntry;iﬁ the\fiting\matiix 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 chosen-to allow the final tech-
nical merit values to fall. in the range of O to 150 (the mgximum o

or less and still be representative of the techn 5Fit of a lan-

* . N

" 'guage. However, 0 to 150 is a reasonable range to work with, since

technical merit values are then neither unduly large nor extremely

~small. The suggested rating matrix R, for evaluating languages for the -

low-cost system, is as folTaws: - o -

N

__— ;1 |
. X 6

&
.

.

Ad be greater *

. tad
¥

M. ¥ s
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: * The application vector A is a column vector of six entries, each
-entry value reflecting the contribution of a top level language goal

- toward the CAI/CMI application area.

The vector entries must sum to

1.0, and reflett the ‘judged importance of a goal with respect to the -

application area.

Entries should avoid placing too much importance

~ on potentially ovérlapping goals (e.g., reliability, learnability,

— - mathtatnabiTity ). ' The recommended entries for application vector A are
: S ) A . ‘ \

N

“e 8¢ 4c w4 8

»

i\ﬂ\w

RN N
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R
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- Since the entries in R vepresent the contributions of the language
features toward each of the top level language goals, and since the  °
\ e&triesﬂih\Agrepresentgthe~contribgtions:offgach»topelexg1xlang§ager o
- goal toward ‘the CAI/CMI application area, then R x A produces a column'
vector I with entries representing the contributions of the language o
features toward-the application area. The product of the récommended

- \ @
‘\

- vegtors, R x A, is

-

L
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© "~ A language vector CLi is then produced for each candidate language. o

© _ The entries in the language vector indicate the extent to whigh the * . =

<7777 T language features are provided. The. product CLi x I will then produce .

. a score indicating the technical merit of the language with respect to

° \ the CAI/CMI application area. These scores, ranking the technical R S
* “merits of candidate Tanguages with respect to the CAI/CML application - - -

L _ area, can then be used in managenent evaluations to arrive at a can- ° *

S _ didate language recommendation. B | : o B

~ The jth entry of languagé vector CLi indicates how candidate lan- 3
guage i contributes toward the jth language feature. For each language o
feature, the "degree of compliance" for a\cagﬁidate\]anguage\must be
estimated. A suggested approach for making these estimates is as

\ : . \ \ =S : .

518
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“The Ianguage total]y meets the requzrement« A score of 1. 0
- will be recarded in the language vector. . SN

-

- T -’
~ ' *

 The language partmal]y meets the rejuirement. A score of from
0.1 to 0.9 will be recorded in the language- vector accord1ng
to the degree the requzrament 1s partaally fulfa]led

o
.;-

F : The language fa1ls to meet the reguirement. A score of 0 0
. will be recorded in the 1anguage vector.
U It s unknawn from the avaw]ab]e documentat1nn whether the :
‘requirement is satisfied or not, A score of 0.0 will be
__— recorded in the language vector since paor documentation
. should.be considered even if the feature is inp]emented but
nnt documented .

\ After CL1 is established the technical merit, TM:, of a candwdate

. language with respect to the CAI/CMI app!wcat?on area can bQ ca]culated

x 1\ 1ng\system deve1opment casts. Tbe reeommended LM vector 1s

1 d

TMi = CLi x I.

\ Deve1opment cests fcr\?mblenen ting the CAILCMI saftwarc must be
‘ ccnsidered Costs can be categorized as fOl]QWS‘ \

. P Acquxrlng the imp]ementation language

e o
*

- 2.  Training the programmers "in the given ianguége. \
3.\“Desfgn§ngithe‘§ystem.? . .

.4, Cod?bq the.system in tﬁe given language. \*m | -
5; Tnst1ng, dekuggwng, ‘and verrfying the system.
6: Ma:ntainxng and upgrading the system. ) . K

-« The entrwes in a Language Management vector, LM, reflect the con~
tributions of technical mierit and of the nontechnical criteria to lower-\

P T

C L — — =
- N »

Technica] merit R a : .33
Language availability on recommended hardware - : .25 ¢
 Quality of documéntation - g » S T | S
\‘Availabi]ity of trained programmers - ‘ : .06 :
AvailabiIity of 1nstruct10na1 softyaap in the language .31

»
S -
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[

" 'R five-entry Language Score row vector, LS,-yhose entries are
scores ranging from O to 100, "is established for each candidate lan-

 guage. .Each entry in LS describes how well a candidate language is
" judged to cantribute toward the entries of LM.  The first entry in LS

- 1s the technical merit score for the language, translated to a0
‘to 100 scale.

The other enfgries in LS are determined by examining a)

the languages impleiented of the candidate hardware system (for purposes

~of this example system, theWAX 117780}, b) the available language
- documents, ¢) the availability of trained programmers,

nts, ¢ avail | rs, and d) the re-
quired CAI/CMI functional capabilities for possible existing implemen-

C1~e‘aﬂyg—»\se¥é£~t$ng~a\\\'languha{\ge for CAI/CMI application involves a .

‘ " considerable amount of subjectivity. However, if the foregoing pro-

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

cedures are followed, the, evaluation process §s made visible, the

~ numbers entered into the process are open to inspection, and the .
‘resultsacan be accepted or rejected on their merits. Alse, the eval;
- uation process is des igned to allow change to the vector values (the

process could- easily be automated). . In- this way, opinions of dijferent ‘

. ?ing\ividua'lf s .can be considered ‘before a -final language. recommendation is
- made. : S S o

X

~_tation by candidate languages. This product LS x LM is the final score T

i

" “In selecting a Yanguage for the Jow-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 assigned to the technical -and nontechnical \
merits of the languages under consideration. The actual selection must -

consider specifie user applications, program costs, minimum language

°

_ A% part of configuring an example low-c\ost«‘systém;;tﬁe technical

| \meri\tsjof the candidate languages were calculated, relying in some cases -

~ o \gqnf iguratiom

~ on first-hand experience with a language and in other cases on puhlished
_ - user literature. _The nontechnical criteria.discussed previously were

. ——t B 3w v—L e

also estimated, ending with calculgtions.of final scores for the can-
didate languages. After application of the matrix approach and the
parameters described above, CAMIL was se1e\cteq\ for the examp‘le,system ~

L4 .
A
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5.3 APPLICATIONS SBFTWARE T o R
5, ? { App]1cat10ns Programs Requared . s .§ R | >
©* " Tq implement. the CAI/CMI functions, be following types of
applicatwon software will be requzred 3 . :“
1. software -- O o b" .
® Interface with tﬁé'ihteractive terﬁinalsa | O O :: __—
Interfaca with the ma;agemenf'termxnalse s
° Vahdamg_n__n_f_ jnms_;thmﬂnd - - TR *._
Scor1ng of tests (on-ltne and off-llne) e S o
Resource managament ‘ ) | ; ‘ | Q
Ass:gnment selection. . ‘ .
Management of students to t:me *argets.
2. GAI sgftware - L \;Q S ;"Q\~
© car presentat1on program.‘_\i R ‘a\ PR . :
CAI authering system. - ‘
© Graphics editor. \ \‘ . L B S .
"3. Ed1tcr capabil1ty‘to d1sp1ay and. modzfy - T
2 Course defin1t10n files. . *\ . C e  \ o o AR
Student data f11es. - - \“; - . ';;;mqmwwmww“\amgaﬂ;;;
? Test keys. T I R |
| © Resource flles.\ | ij*f:;;2~ - o - o o
4 \Repfprt\ genemtim f;f‘;)s\l\?'a;;‘as\;;\ R -
0 Ckiw1é550n evaluatian ;anort‘ ) | | -
Tra1n1ng management reparts ‘ ~\a ) ﬂff "f o ;*°\
Cpurse Eva]uatwon Summary. N |
- a8 51 |
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\\:\afsxndeﬁt"btdck.progreSSfreparts.

“‘"° A proéram to

- © Absende report._

: 0 An autgﬁi\ati.? ZCMI dét@: base \v\a”'l\i»dat\'] on program,

' © A program to remove student performance data from disk and
*  generate the tape and disk file for the generalized data

"> © an-archiver to’ remove CA] lessons that are not in regular
~ use from the on-line dat¥ base and record them on tape.. .

"0 an arch{}er to take progﬁams that are pot in rggular use :

® Test Item Evaluation report.

© Learnipg Center rosters. \ .

1

°\H9meuérk\summary. - T *

© A general .data retrieval and report program.

\Bata\base\supqut software --

L

.

retriéval program and for the Course Evaluation Summary. |

"% A program to remove the £AI,data"f?5m\the disk and generate
) \the‘tape_fi{gs,fof the CAI report proggams.

o A;prcgram\ta*fémoveltestfitem~data\frﬁm*ihe\disk\andfgeneraté

the tapes used by the Test Item Evaluation report program.

needed. % o

on tape.

-

from disk and record.th
bl .

O A program to\brihg\arghjved*prdgra@s“bacﬁ asithey;are neededﬁlpv\

- i 5.,3.2 Selection of Applications Programs ". AP

A numbar of éxisting CBI systems were surveyed to determine

their capabilities in the applications programs area. All of the .

. capabilities required for the low-

__extsting systems have some elements of capability that can be character- PR
jzed as CMF, and most have some CAI capability. A1l ofgFthe. fuactional --- 7

cost system have been implemented on _

one or more of the existing systems, but no single existing system in-_

| fcpfgarates~311¢affthe;capabititias. o g
~\f | A\li;ge praportion\bf the-CAI and CMI functional cagaﬁilitie§‘foh T
. the low-cost system are currently implemented in the set of applications .
- programs for the AIS. It is possible, with the addition of applications .

¥

> . N - . v »
¥ - N Y

A

\ : . N
Cag A T
& : : )

bring archivéd CAL programs back as they are .
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software is selected for the example _ystem,configuratisn»\;;‘

6.0 SYSTEM ANALYSIS S

Integrating\the;functionaT requirements with the hardware/software =

éapabi}ities was approached:by\dgtermining,the\system_requirements\k
dictated by the full 1ist of functions. Then, the additional system

language\were‘assessed."Finally,‘the total system requirements were

- Compared with tha capabilities of the candidate-hardware to determine
‘the feasibility of utilizing that hardware with the recommended soft- .-

ware and 1anguégeftawatrompijsh“thé‘?édﬁirgd CAl and CMI‘Functions

- The CAI/CKI functions and. their bayaff\ratings\werésused\as€a.

starting point in determining the system requirements., An attempt was °

made to determine the costs, in terms of storage, 1/0 time, CPU time,
or actua] dollars, of each function. However, the. functions are so

heavily interrelat®i that, in most cases, it is hot possible to assign

. a cost to a single function. Fsriexample,\the.iﬂformation\iq a
. single file may service several functions. - If any one of those

functions is to Ye included, that filTe must be included also, but the

o file can then be shared by many other functions witpout\any’additienaigxi
cost. In other words, costs are driven by groups of functions, and in -
- 'general, a cost will be incurred if any or all-of a group of functions

‘are to be provided. Eliminating one function from among a group does

~ programming, to bring the AIS, or another CBI,s¥§§gm;4ugmtn*thewleval .
- required for the Tow-cost system. The survey o ‘

- indicated that fewer programs would have'to be added to the AIS soft-
ware than to other existing systems. Therefore, the AIS applications

existing capabilities =

g

~-requirements dictated by the candidate support software and pwogrammingf\

not usually result in decreased system cost. \Therefbre;\in>subSEQuent\\\'

analyses, groups of functjons are ffie usual unit of analysis rather

than single ﬁunctions.rqﬁowever.\if\a;sing]e.funtticnwrepresents a
- considerable impact on the system, and can be isolated, then it is \
~ treated in that way. A list.of the functions, with the files required
~ and approximate CPU times néeded for each, is' Shown in Appendix C..

-

These estima\fkfdér&ve.frOmtmeasured:timas and known file requirements

in the curren& AlS,  The detaﬁ?ed\requirgmgnts~are sumned -and used as -

~.a basis-for sizing -system hardware: e

»

e T IETDISKSPACE e

: | Required disk space can be estimated from-a knowledge of the files

L ?needen. 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 Tessons per -course.- Information. on the config-
- wuration of specific target courses was not-available. Therefore, some
) ~-assumptions consistent with possible application sites in Air Force ‘

. resident technical training were made: | R

)
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o 1. ;F'lve courses mp]ementgd on the system. NI

o
R
N R e

e

Ji{*';i. 2. wﬂne hundred students per CO“”‘*‘P‘” Shift (500 students on =
x “GMI!CAI at’any one time}a w o, . »

. Ty : : ) IR ‘;
o3 \Five bfbcks of 1nstru€taon per course. S A
R e

4.\\Sixty 1essons per block. SN '}~‘4\W e e J?gi*iﬁiib

ES [ oo
-

ey k_‘\ N $ » N ) N . “
BRF . ¥ . e '

-~ Some subparameters wzthin these mainqhgadings wene alsg assumgd.
basgd on current practice' e e e . ¢

- a R B KN . .
. N . . N R : . Yy e

““¥»i L Twn shifts of eperat1on.k\

hd v\

? - 2. .Students are asswgned 1nto 1ea :3;9 centers, with 25 students \\ fsﬂ\‘

b \\n, W_; ‘ Sy TW eachw-cmw e N;\‘.j.. G s s ity e —— ...\.‘ w;,..\-._-._ b p

5gfﬁf\ '1~\«f Three coyrse - versions (shredOuts, for’ examp)e) per course ara
) implemented. ERE ;Ng\ C \5ﬁaa‘» Lo

o vae categorfes weré‘used in estimating d1sk space reﬂujremen15° o ~f ‘efi:
], Active prograns. L IR “:‘\ N

v . > * . N . oo . ) AN -
L 2 ’ S¢S . N . . . . - R . 3 . . . e
N N ! \ R . [ 0 P - . N R

- . R e . ] . PO N . . N &

3. CHI - . R v ’\ D \ " o ;

1 4, Racent Data Fi]e (RDF), the cn-line recqrd of the most recent
N student domp1et10ns of the blgcks andacpurSQS o R

-~

S ;?\“\s. Suppcrt for the compiler, operatwng sy$tem, f11e‘mmna\ ent L
| system, and the necessary_ support. saftmaraw;u\ S T

" The number of active programs, assuming a. tower software mawnten-'“
ance -1oac than on tote current AlIS, was estimated to be approximately
- -80% of current AIS usage,*for a tutal cf 30 m1111on bytes (8 bits per

e byte ’ - Coe
. e i s - .--, s - < ctalins - b )
o~ SaN *{ . D » m..»‘..;.an._ N—— L e et mat e, 4 R

n . A e e——r S g L ey e 32 o S vmssmd
. N B N

L D1sk raqu:rements for: t e CAI ‘programs were estimated'usang the B 1\\.“
R \“f.cur?ent.AIS structuve as a vasis, but with 2 b% safety margin. Thﬂ: e
B ;tw“tutal then is'30 miliion vytes. ‘ \

Il

fl*,, o The cut requirements were a1so ustwmated from the AIS &as:s, but
with a safety margin of 50% (CMI- vequirements can be predicted with:
. greater acruracyl The oL requiremenp is 30 K1111on bytes.. PR

. . Tne Rgcen Data File requ1rement depends onn how many student
v recoyds the user activity will maintain on-ling. An-estimated 22 °
~million bytes w111 be requ1red n order to maintain, an-line, the " ]

3
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“f”£§*“h records of the most recent 200 students to ccmp]ete‘each af the courses
. and\each cf the bTocks assumed. for the low-cost system, .

Support fbr the compz}er,

of disk storage.

" o “In summary, the to tal requ1remert for disk space for the 1ow-cost
" systen, assuning 280 students 1n~the RDF, 1s 179 million bytes of
\ starage. . , S ~
R 5‘2 TERMINALS L & T ‘? : L
. " . o .

The assumpt:ons that theré will be 500 students on- the system at

.any one time, and that 10% of the. instruction will be CAI,
" . requirement for 50 student 1nte(pc»1ve terminals,
- these is assumed to* be 40 alpha
' graphics/color terminals, and 3.}

lead to a

meric terminals, 7 low resolution
igh reso!ut19n>graph3cs terminals.

the operat1ng system, Lhe file mavagement _
- system, and the necessary support software will require 67 miilion oytes
Tthis includes a 50% a]iowance for expansion, should it -
. be desirable to expand the system software capabilities to pravwde "n:cef«V\
to have“ féatures 1n.add1t15n to the.necessary FEatures.f \ o

-

A reasonao]e mix for

e ~ Nine.additional a]phanumerwc termwnals are assumed tu ne required for ,5\
SRS adm}nwstratvve use.\ R KRS - -
f§ e : . . :
e The CMI fuﬁttions ‘can me accomn11shed‘w1th a mix of 0n-11ne and”

off-11ne nanagement terminal devices, but the reguirements will depend

Lo \R;‘ on specific user applications.-
. pr:nted feeaback/prescr1ptzon af

To 1nput 0ff-1ine, tests . and*prnvrde

MRS ; using inexpensive teletyvpe paper ‘is recommended, in conjunction w1th a

farms reader,

?\533;75:\\ “In summarx, the fb110w1ng'b4 termtna!s would be 1ncerﬂerated ina
ST “typaca]“ conf:guratwon of thg 10w~cnst system for reSIdent techn1c31
R “‘,\3\ br’a‘lﬂ]ng i ] . N . ) .
\ . \ A B \"&'t” -
T 1ﬁ Forty interactmwe a]ph mgr1c termwna}s for stadent use :
¥ oo . Seven low reso]ut1on graph1cs/to]oﬁ tErmina]s f@r student use‘ W\\:-
\ 3»*“?«3. Three high reso]ut?on qraphics te?mnnals foﬁ student use. "
7\\v§‘ 4,  Nine Interactave a]phanunertc term1naTs fbr adminwatratIVE
B ASEN ‘use, oo N LN . o
I ‘T;?x ‘,. ST ;‘ - *N%;;WM
% Five nanagement term1na1 SItes. .

;;i:s 3 MEMORY REQUIREMﬁNTS

CRT, or other peripherals.

- Memohy requ1rements are drﬁven by such aspects of the system as,
\ ;;character1st1cs of the operat1ng system, number of termwnals computer

N ; " Ly

ter each such 1nput, a 1nw~cost pr1nter

Five such management, térn1na]
swtes w111 be reggired to manage 500 students per sh1ft :;

PR

N

W A



© " architegture, ®nd language. The CAT/CMI -functions are significaht -
+ .+ factory because (a) ‘they ‘determine the requirements for terminals, {b). .-
*s;&he}typgs?OffPfesenﬁatigns necessitated. by the functions affect the

L

i (:\“

e

t of memory necessary, and (c) there will be many processes,

répresenting the application programs which implement the functions, .

" operating concyrrently on the syStem. ~In Tine with'the design goals -

.~ grams_implementing the recommended|CAl/
) adequate\butsnotféxtraxagant\effic~f\1\»wj;eﬁiwgrndutingxthéSdésired\*»j~
_-.response times) when 29,800 to 30,000 bytes of central memory are \

and assumptions, there will be 64\users on the system'at maximum load " .-
- * (users at- 50 CAI terminals, ‘5 manajement‘terminal-sites, and 9 admin=
- istrative terminals). Therefore, - T
“application processes on the syst

ere will be & maximum of 64.

\eurgpreSenting~the\appIicatdsnapros

shown that processes similar.to th

a11o¢atgd\tofeach¥proéess,\,Ihecatqrg,;the»centnglvmémpnylrquiremgntﬂ

due to the CAI/CMI functions is 1.9 mitlion bytes.

.

- . Support fo§7the*cdmpiieé;itnguopékatiﬁg:sygtem,fth§7fiie\manige;\

. ment system, and the necessary support software requires 100,000 bytes
-of gentral memory .. &uchxaf*thggoperatingﬂsyStemfwiIl continuously be -
‘in central memory, but the compiler, file management, and support soft-

‘ware.will be loaded only as required. R : .

. 6.4 DATA RATES

L

p plays. Complicated graphics displays, depending on the instructional

requirements and on thé‘;erminal°capabi?ities,\cou]d‘requireéa higher
. rate. Therefore,” an option for higher speeds is a factor for consider-

ation in the design of the system. .

6.5 TAPE DRIVE REQUIREMENTS

- archived’ essons,-and. requests tp restore archived programs. The re-

\1Th9Qﬁumber‘of tape driVeS\requiréﬁ\isﬁhetermihed byétw0"typés of- .

" usage: main shift and off-shift usage. Main shift usage will consisd

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

guests for data will include course evaluatioh summaries, test iten

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 driveg\but\aitabe~drive is required for each process that
is rupning. .Jwo drives will allow two requests to be run at{he same .

A3

concurvently. AIS experience has .

CMI functions will run with *=  ~

. . The total central memory réquiremgnf due to the CAf]CMI\fuﬁctions .
~and to’ software support is 2 million bytes. L N o

. The recormended functions (Appendix C) were reviewed, within the . ”
. framework of AIS experience, as to the‘signalwinput\and;autput require-
~ +. ments fon@the\vanipuﬁ‘types“cf*transactiuns,\and\the\apprpximate page
* lengths to be disp]ayed;\\Integratipg\the-resultsMindicatés-that a data
- rate of 1200 bits per second will be sufficibnt for most terminal dis-

]

-



- .

The off-shift requifementéhihéiuﬁe baféh\jobs submitted by the on-

-

Q' shift personnel and periodic Jobs to maintain the CAI, CMI, and program - -

. data bases. The periodic jobs willfinclude the:fbl}pyjng:

~
»

*113\'Remove‘the CMI summary datiffrom?disk\and'merge‘with the .
- history tapes. ¢ o o nn th

2. Remove tbe(CAI summary _data from:dfsk‘anQ\hgwge with the.
~%EU?ytﬂ%& ~ o SR I

.-

- tapes,

] . 3. Remove the tést{itEﬂi\atév¥rdm disk«aﬁd merge with the history "

4. Archive CAY lessons thit have hot been used within a designated
- retention perjod. o ) o o

»

. 5. Archive computer programs that have notwbeen used withip a -

. deSignate¢~retentioﬁ period.

\Althpugh«requireménts cou?dibexmet ﬁ{th one tap{dﬁve3 tﬁére,waﬁ]d *\

be severe penalties. These include: . : .

<

L2 A scratch\aréa ohia disk will be required to store data\dJFing :

.

. Oaly one report from tape could be run at a time. SEEEY
. - N N v\ * v \\‘ \

merges, \

3. Computer operators will havefsubstagtially moré'ioading\and_\é;
. ~unloading of tapes. from drives, - I j,‘\" !
4, If;bne drivé breaks, no tépe work can be~dpne; |

. With two\dri(és,.:wo reports can be pnpcéSsed at the same timE;

The CPU is normally faster than one tape drive an¢ can process data from
one drive while reading data from the other drive. The 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 CAL/CMI system.

" 6.6 MARDCOPY PRINTOUT REQUIREMENTS LT .

L 4

~on the low-cost system can be. handled easily, on an off-shift basis, by '

a medium speed Tine printer. "At 600 lines- per minute, prodiction will
be approximately 600 pages of printout per hour. This is*ﬁmﬁe than ~

adequate ‘to support” infermation retrieval and analysis requests. There- - -
fore, a line printer capable of about 600 lines per minute is | i

fECquendedg

k3
¥
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fmand(design goals as previously\described | |
SEAT MAINFRAME Awn PERIPHERALS o o

- \70 mwmmmmeAunmmzmﬂm '
The preceding sections establish the hardware, software, and

\§ " functional_nequirements for the low-cost system, "and designate candidate
" hardwaré and software items for a low-cost system. The-following para-

e

configure an example system capable af'meeting‘the raquirements

.

The examp]e EPU. the DEC VAX 11/780, is canable of adequately but .

" not extravagantly fulfilling the requirements fnr\the Tow-cost CAI/CMI \5 1;1\“¥;f§

\‘\follows.

‘ “

) L <t %

system. The example system w:11 1nc1ude mainframe and peripherals as "

Cost . " Mmthly . e . o
S Mafntenance N

Dne standard I -
‘VAx.iT/7ao packaqe ‘ S
o wifh' »

- 1. \512K bytes of memory. \ s Lo e
2. One REPO6 176 million +. o o S )

. byte disk drive with \ ‘ o S o
LR  MASSBUS adapter. : o o o
~. 3. One TEE16 45 1nch/secpnd e I T
. tape transport w1th' o o o \ CeT
. MASSBUS adapter. o S .o
4, One DZ11-A asynchronous “ N A A
. multiplexer for 8 lines. s N T

5. One LA36 DECwriter II : - N

7 comsole. . Cesow,.  ser.c o

Add1t10na1 equ1pment to o
- \meet hardwa?e requirements

1.  One MS780DB 512K : I ot I
¢, byte memdry expansion. d?Z,OOO* o no -0
2. One MS780DC 1,023K \ o \ .
. byte memory expansion. 35,000 » 220 - : ;
3. One REMO3-AA 67 wmillion . \ . R
~ ﬂbyte dlsk un1t R _ ~ |
4, Bne TE16-AE 45 inch/ , S o
" second tape transport.  J1,290- - 60
. 5, One LP11-DA 96 character R . \
660 Tine/minute printer. 25,700 .+ 185
6. - .Dne DZ11-B asynchronous o o .
multiptexer for 8 lines. . 1,800 . . 21

sy

LN



. 3Tektronix 4025 at $4495 =

L Clm ’f‘:C;CiJSt,\Q |
7.. three DZ11-E asynchronous
. " muitiplexers for 16 tines =

. . at $3,860. . I
8. One H9602-DF UNIBUS e
eptians\cabingﬁ,;pfs C o 2,300

e  Totals. $319,640
“?.-zﬁ'rznmnm_é s L0

- ‘Thé ?iypitai" systemtcanfiguratian (section 6;1;2)\ﬁﬁc1udes\9\;~\

$ 11,550 -

a .

<

| ﬁonthly

A

.

Maintenance

§ 75

$1,668

LN

* administrative terminals, 40 alphanumeric text terminals, 7 low
- resolution graphics/color. terminals, 3 high resolution graphics
‘termindls, and 5 management terminal sites. If the administrative

~ terminals are the same as the student text terminals.(
*. recommended to facilitate substitutions in case of fai

requirements become (a) 49 alphanumeric terminals, (b) 7 limited
graphics/color terminals, {c) 3 high reSGIUtien\graphicsfterminals,

- and (d) .5 management terminal sites.

*

Prom~section 4.2.5, £ﬁexax$mD1e alphahumEFic text terminal is the
ADDS Regent 100 with function key option. The example Tow resolution

. graphics/color terminal:is 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 for stu-

~ dent and administrative terminals for the "typical” configuration are’

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

: 7 Tnte;olor‘ Slﬁat$2709= $18,900 e

$13,485

. $86,285

*

4. For purposes of configuring an example system, it is assumed that

S "each of the five management termipal sites will consist of an OPSCAN 17

mwwmwmm@soptical$farms~reader;aa;TedetypewMede}“40mR0Pwpr§nter;wawBigita*quuipw\“w;\“““Mwwv
\ -ment Corporation LSI-11 mini-computer with peripheral cards, and various

displays, push buttons, and specially designed circuitry,

Each such

‘ - términal.will cost approximately $26,000. Total cost for .the five

management terminal sites will be;

¥

£

S o

A

5 Special Management: =rm® at $26,000 = $130,000.

i.Featur@:that is
re), terminal



PRV '

. .

"' A 4port system for 59 student and. administrative terminal$ and e
five management terminal sites is required for the example system, It -

73 COMMUNICATION SYSTEM

s assumed that four buildings’ (work.areas) will be used in the opers. .|

R IO

in one of the buildings. To provide communications.to -the three remote -

 buildings, three statistical multiplexer systems, each handling 16
- terminals, will be used. zTne\computarybudeing\is;assumed.to\have\iﬁ{

~ “terminals connected directly to th2 network processing equipment of the

A

_ The configuration to each -of the repote buildings will include a
pair of 16-channel statistical multiplexirs (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 bits per
'second, and two twisted pair telephone 1ipgs.'iThé“entire communications
configuration will then consist of six statistical multiplexers, six

= short-haul modems, and six pairs of Goverhment?furniShéd;~twistedrpair*“5'

- dedicated telephone lines. Using the Digital Communications Associates .
- (DCA) Smart/Mux 115 statistical multiplexers and the Snytech LDM-7296 .

~ ‘short-haul, modems (section 4.4.2), the cost of the example cormunication
- system 1s:- S e , « T o .

- -

+

6 DCA Smart/Mux 115 at $4300
‘6 Syntech LDM-7296 at.$ 690

$25,800 o
- $ 4,140

| | - $29,940
7.4 LIFE CYCLE COSTS

L
)

‘ AR A o

. The initial cost of the hardware represents only part of the total
cost. Some changés in the facilities, organization, and courseware Will
~ ’add to the/initial cost.. During the tifetime of the.system, costs will

~ b

¥

. "be incurpéd for maintenance and support, materials®and. supplies, encrgy . . -

- used, and initial, as well as some continuing, training for personnel .
~using the system. B ‘ o o S
Eight years is used as the total life of the systém. Costs for
hardware and software maintenance and support are estimated and

“\\; escalated for those 8 years. Some costs could not be established

because of lack uf required information, For example, courseware costs

-+~ —cannot beestabTished -unless-detailed information about the target . . .. .. ..

courses is known. Also, costs per work hour cannot be EStablishediwith;‘
 put details of the internal costs cf the organization furnishing the
manpower. In these cases, then, a work hour estimate wjtheut\gol1af~

~ gosts ‘was established. -

L)

The following paragraphs indicate how the calculations were carried

&
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7.4, 1 Mainframe and;Peripherai Hardware
In1t1a1 casts of the computer ma1nframe and pernpherals (not

quipment) are listed below. \
ye calculated by 1ncreas1ng each

\xInztwal Cbst (Sectron 7.1 above)

Year 1 maintenance
Year 2 maintenance
Year 3 maintenance

Year 4 maintenance
Year 5 maintenance

Year & maintenance
~Year: 7 maintenance
- Year 8 mainterfnce

7 4 2 Software Devg]opﬂ@ht

L ¢ The two main areas of software developmant for the low-cost
system are the transp0rtab111ty of the AIS deve]oped software and the
additional applications pwograms necessary to meet the functional
requirements af the low-cest system.
CAMIL software is. presently being carried out by the McDonnell Douglas

The additional app]wcat:ons software is estimated

" This figure ‘includes all

Astronautics ‘Company.
to represent three work years of effort.
functions recommended for the Tow-cost svstem {Appendix C) and not.pro-
vwded\by current AIS applications software, except 1nterfac1ng with
-other Air Force management systems.

“7. 4 3 Seftware Maintenance

"For purpases of est1mat1ng the cost of mainta?n1ng the soft-
re of the example system, one Full time applicat1on programmer and one
Full time system programmer are included.
~minor improvements to tﬁe software as weii -as corrections to fau}ty
+ software {due to’ programmwng errors 1n the 1n1t1§1 software).

\ ‘Should expanswon of the recommended system:occur at one Air Force
base, the two software maintenance personnel described in the preceding
paragraph could maintain four systems.

1nc1ud1ng terminals and cofmunication :
Mawntenance costs for* successive years ay
- previgus year's cost by 6%, the percent&ge of increase proaected by
D1g1ta1 Equipment Corporat1on for salary and spare parts increases.

§219,600

cost
cost
cost

cost

cost

cost
cost

cost

-

out, and show estimates in wnrk hours for the jdentified tasks.
. appropriate, guantity discounts (over 10 units) are included.

v

20,016

21,216
© 22,489 -

, 23,839
" 25,269
26,785
28,392
30,095

. Total 8~yeér cost«v$s1?g741

The: transportabwlzty ‘of the AIS

“The maintenance will 1hc1ude

Bgcause the addzt:onal systems

However;13
savings from original equipment manyfacturer (OEM) agreements wh1ch
might be effected on ali equipment, are not included.
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°\»\a\E~dupt%catés\o?nthe?iniiiai sysfém,-chaﬁges or carrectiqhs\mmqggtdi

‘areas and in the computer room. .

~one can exsily be applied to the remaining systems.

If multi p}e:izersioxss o\f\\* the \1\nf\tia1~ sysiem\shou’ld be 1ﬁmeme‘nted a\t”

varidus bases, additional software maintenance personnel would be re-
quired. Jwo maintenance personnel would be necessary at the initial

-

R ~Hheﬂ\hundrédswof;sthdents;and ihﬁtrﬂctor%ﬁentér\data\into~a
computer, “foul-ups" are inevitable. This, plus software and hardware

failures, establishes a.need for monitoring. AIS experience confirms

" One person with thorough knowledge of the operation of the

computer system, stationed near the terminals, can greatly improve the
“operation of the system and save-on instructor hours. This person '
. “should be available at the terminal for correcting minor student/ .
...computer interface probléms, - This frees the instructor to_handle the
. student's instructional problems.  This person also is responsible for

R

keeping the terminals in"working order, and for calling maintenance .
witly any of the more difficult operational problems. The number of

~ perdons required for this task depends on the locationg of the U
. termimals. If several'management terminals are located near each other, -
' one person can handle pmhlenmsx ] 3

| fat several terminals. As physical
separation grows, additional people are needed. This report assumes

trained as needed (section 7.4.10). .

_‘that the user group will furnish these personnel and that they will be

" Coiputer operators are needed at central site to loa! tapes, |

answer maintenance galls, 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 Jjobs and

 other tasks that require operator interventior to specified times of

day. further mwinimizes the manpower 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, one. operator per

7.4.5 \\T‘ermihﬂ and Cofrmuﬁicati\on\Equipment ot

o

. The terminals and ::omunica\tions\_eauipmeﬂt required for a

7 wmpynical™ low-cost ‘CAI/CHI system configuration are as follows {svare
‘parts requirements are listed in section 7.4.6): . N

D% . . R - Y
-

- .

 base, as ‘described above, with ane additional application programmer at o
each additional base to implement the modifications determined by the -.
- personnel ‘at the initial base. = IR T

. the need for monitors to be located- in the classrooms near the terminal = -

*
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49-ADDS Regent 100 at $ 1100.= $ 53,900 L
' 7 Intecolor 80016° - at $ 2700 = $ 18,900 /) =
3 Tektronix 4025 . at $ 4495 = § 13,485 - oo .

6 DCA Smart/Mux 115  at $ 4300 = $ 25,800 N S

6 Syntech LDM-7296  at'$ 690 =% 4,140 :

5 Management Terminals at $26000 = $130,000 ~

%

Total Purchase Price . _§246;225 |
;\rminatfahd%tbmmuﬁfcaiioh Equipment Maintenance’

- Because’ of the proliferatiqn of equipment from different N
vendors, it is ndt practical to orocure maintemance contracts from eagh =

- *individual vendor. Most manufacturers requirg: that malfunctioning’ S

. service approach generally means) - " - o R RS O

f\rgpair capabi}ity for non-mainframe equipmént. The primary duty of }

2quipment be delivered to their own service centers. The manufacturer-

1. High cost per unit maintenance ‘contracts (usually 3/4%.to. 1% . .
~ - of purchase price per month). \ . e

o2 Shipping or travel time delays.

3. A requirement for many complete unit spares. .
T The rei:duy(énded maintena;nce\fapproat}} is to prox\;ide an on-site

these personzelfis to maintain individual CRT terminals, cormunicatith
equipment, ahd management terminal peripheral equipment (such as the

- forms reader, controller, and printer) by troubleshooting the equipment

- rooms,, and Mecating and replacing malfunctioning equipmeht. For cost .

. the printers, a spare parts bu

ani replacing malfunctioning printed circuit boards or individual com- o
panents. /Seconaary duties include accepting trouble calls from class- - =

estimation purnoses, 4 work years per year ar%iinctﬂdad fbr"theée;taskswﬁx&;w);ii
¢ “ R \ Rt s

~», Using the on-site maintenance personnel approach, a supply of

'spare parts is needed for CRT terminals, communication equipment, and

managémgnt terminal component equioment such as mark readers, con~, 4, - - .

trollers, and printers. To cover spare parts for all equipment except - el
dget of J% of purchase price per year is ‘

called for: -AIS experience indicates that the heavily used mechanical

- “be replaced approximately every 4 years. \ s

printers require a 25% per year budget, since the entire printer must. . .

. Using a:nzte of Ti\of burchase price per yeéf_far a spare parss - .

R

- budget for nond inframe equipment except management terminal ppdnters,

‘which are figured at a 25% annual budget, the first yéar\costsxare as

~ follows: | \ | -

N - . . o B N .
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49 ADDS Regent 100 -

.3 Tektronix 4025 - at $
. 6 DCA Smart/Mux 115.  at

301 =
6 Syntech LDM-7296 . at § 48 =

"5 Mafagement Terminals-- '

RS e

T \ “ at §
- ' F 7 Intecolor 80016 at $
: at $
t$

[ S . s saees,

Non-printer equipment at $1540 = § \

LY

v *  Printers (zszérgtey\,,at‘$1uog;=v\:5,pﬂd«f°7

3

First Year SpareéParts Cost

v .. of Non-Mainframe Peripherals

. Using an appreciation rate of

2,

f.szfper\year.forfthe.jnérease\in

~

>

cost of replacement parts, the spare parts budget for the first 8 years

- would be as follows:.

" For year 1, the
~ For year 2, the

For year 3, the
For year 4, the
For year 5, the
For year 6,. the
For year 7, -the
. - For year 8, the

Total spare bartse preciatedscgs£~i

- 7;4.7s‘Facility\quuirementsg 5
S o Inétalliﬁg\a\cowp
_technical training environmen

* The changes that are necessar,
‘physical plant, computer Toc

spare parts cost is. $22,398
spare parts cost is 324,078

~—

spare parts cost is

spare parts cost is .

spade parts cost is $20,835 - I \;i; sl

226’676 | - ) R Y ﬂ;
Yeer @ - .

spare parts cost is $30,828 .
spare parts cost is  $33,140 . i
spave parts cost is

t.

' other factors. Without known parameters, \ ]
that the ideal gituation is large learring centers located close to the =

~§nanagement*termina1s&dnd\aS\'Tese;a

' The size of conputer foom needed for’ this

5. poss

a

. 350 'square feet. ~The' computer room must
~approxiwa;e1y 70 degrees F with a 48,90)

-~

>

T ~ The energy requirement$ for t
< -electrical consumption for mainframe,

$35,625 | - R

s $222,257

‘a/*f/ S

uterized training §§siém'in7§ resident
t sometimes necessitates facility changes.
. depens, of course, -on the existing -

 jon, amount of mediated material, and many

it can-only be stajed here -

ible to the”computer room.
“installation is approximately

be air conditioned to maintain wa\“&gwgwl

BTU per heur load.

» P,

: B ' \Nﬁgg,
he system consist of the direct

peripherals, and terminals, and

»

\tﬁefair‘c@nditioning;fbr;thﬁ“camp&tenarcom;~"The~total~d1rect\electriaal\;mh

~ power requirement is 23 KNH_per\eperétihg\hpyr. The air conditioning
requirement is for 48,000 BTU per hour. -~ . .. - ~

v~

¥
-




3‘7.4;9 Courseware Development \
- . - Introducing’'a CBI system into an on-going course of instruce .
tion will, almost'always, entail costs for changing coyrseware. . -These
- changes will vary greatly depepding on-the existing environment, ‘For -
~ example, an extremely important factor is whether a‘cotirse is’ currently -
- self-paced. * Without definition of target coursecs, these costs have not -

been estimated. - | .
7.4.10 Training " g | : L .
s The success of any system s largely dependent upon~the‘ -

. Sophistication of its users. To this end, training costs shouTd be in-

© cluded in the life cycle costs. Experience.with the operation of the

‘AIS has identified .several categories of training\tha%\are highly
recommended. The Tlevels of training and the estimated hours of instruc-—

tion are as follows: . &

. 1. The Deputy Conmander for Training (TTC/TT) and subordinate
- divisions, e.g., the Plans and Requirements -Division (TTCX),
constitute the upper level of local ‘training administration
. anc management. Training at this level should consist of a °
~ system overview- and will\require approximately 6 instructional
“hours, Technical Training Group Commanders and personnel of
their Resource Management Sections (TTCC) shiould aﬂkn receive
- training at least equal to that provided TIC/T7. N ’

2. Branch *Chiefs and course supervisors are the next level of
~ training management and- shéuld receive a more ‘complete pre-.
sentation of the aspects of the system. This level will require
", approximately 50 instructiomal hours. S
3. Curricula and Instruction and Measurement personne] should
receive training in.the evaluation aspects of the system. This
training will require approximately 120 instructional hours.

4. . Instructor supervisors and instructors should be trained in

- the operational aspects of the system. The instructor super-
visors should receive approximately 9 instructional hours, and
the instructors should receive approximately 80 hpurs of

instruction. ‘ | \ e N

>

.9+ Course Data Base Manager and Student Control. personnel should
- receive instruction on manipulating the course data base to fit
course organization and neeas. 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 dayftoéday\operationsxwith the students and
should receive 18 hours of “‘training. |

62 g5 -,
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. % b Schopl Data Base Management personne] should receive more - .
N ‘global training, becoming familiar with all gourses and pro-
viding leadership-and services in such ar as strategies,
student management, documentation training, and course
| !« 1iajson. This training should be approximately 400 hours.
T 72800 Swpplies . Lo L

»

" The necessary consuriable supplies, used mainly with the S .
management terminals and off-line testing, are: (a) central site:printer ' s
paper, (b% managemént 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 student, - i
The number of students on-1ine is assumed to be 500 per shift with two : &
~ shifts. The estimated costs of these supplies are based on the following i
~assumptions: o ' \ \ o

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 days per year,‘with 30% waste
and failure. Total yearly cost: $19,500. .

2. Haqagemenf terninal printer. paper costs are estimated by\using '
~  the five transactions/shift figure. The yearly cost: $6,500.

- 3. Central site printer‘papér usage is estimated by assuming “that

~a production system will not 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 20% cf current AIS usage. Total
yearly cost: $6,000. ° \ o

4. Magnetic tapes and disk packs will be needed at the centr®
site for data storage ana backup. It is estimated that $300 per
year will te required for tapes. Four extra disk packs should
be purchased the first year and an average of cne per year
thereafter. Toese costs.are detailed below.

st year = $2,7L0 e
) 2nd throqgh 8;h sear = $67§4Eer\year
a 5. Miscellaneous supplies include ﬁéed§5fqr day-to-day '?erations
such as tools, bench stock, cleaning materials, priuntey ribbons,
~ etc. The estimated yearly miscellanedus supply cost: §$1,500;

] The‘summarygof supply costs, escalated at 7.5% per year, i§~shown
~ bhelaw., : | :
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o8 TOTAL for 8 years = $378 144~

- lst year $36,2601

4th year $44,970

. Sth.year §48,342 . .
- 6th year $51,967°‘ )

- 7th year 355, 864:
8th year $60,083

7“4 12 Cost Summany

i Paragraph/Title

Y 2nd-year $38.915
"~/ 3rd year $41,833

\ \;;

- Sy
Total
-8 Year

- Cost For K
One System\ -

Recurring

, Costs, .

** Per. Yaar

ST 4\7

7.4.9 Course Development
7.4.10 Training .
7.4.1 Suppl:es ~.' s

b i i

SYSTEM LIFE-CYCLE COSTS \
‘Hardware & Supplies _;\«

Software Development
Software Maintenance
Operations -

Terminal &*Ccmmun1catwon

Bquipment
TerminaT & *\Comnumcatwn
Ma:ntenance :
FaC11}ty Requ1rements
*for Computer Room

" Energy Requirements,
‘two shift operation

Manpower ¢

;aMainframe & Perwpheral Hardwafe

-

\\350€Sg' o S

kg

3 My
16 MY* -

$517,761 .
16 My*

$246,225

§222,257
32 MY

::WXQZBwaH\\.H

1536 MBTU

" Unknown
+ Unknown**

| “i$378 144

$1 364, 367

67 MY

i_:ns MWH
W92 MBTY
. ﬁﬂu\?-

LA L L L

947,268 .

$75,050°
W

* Additzona1 systems, if co-]ocated,w1th a. f1rst system, ccu]d spare
perssnne]. \ NN \

The pr1nc1pa1 comﬂ!nents of a ded1cated local system w111 inc]ude \\\3\‘

o
‘0

Ty

-~

= 8 0 CONCLUSIONS ‘

Compu;er and per1pherals.

‘ : *% . Requ1red hours w111 depend on personnel turnover rates. - L I d

Student and adm1n1strative termnnals--aiphanumerics, graphics/

't

fggg?d d -

v e




e co?or\,\and h‘igh ressa%utiqn graphics. o \ R
o Management devices--forms reader, prxnter, aod controller.\

o Communications network N . o .

\ sztware. S u;f,\ Y ST

%

d}" o

“An nperaﬁona'ﬂy ctmf*u gured dedicated locaI system, to support 500

- students "per. shift on CMI and CAIl in resident te;hn'lcai training. can be. :

\acquired for\approximtew $500,000 (1979)
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o LISTING §F CAI/CMI FUNCTIONS FOR SURVEY

1. STUDENT TESTING ANDﬁEVALUATIONV- Using the computer to assist ‘the
~ instructor in evaluating the student. The tests which are read and
. scored' by the computer gan include, for example, aptitude tests, Tesson
- or block tests, perforgince checks, attitude measures, or biographical
\ - ,information. - Questiong®could be true-false, multiple choice, or con-
“structed response (simgle words, or phrases, or sentences). Studepts
receive quick feedback, Instructaors don't have to score tests or .
record grades, and all test rgsults are readily available for reports
‘or evaluations. . o ‘ e o -

*u

*
.,

. A. Test Scoring and Feedback Capabilities - The computer sysfem
... can score those tests for which test keys have been previously
: . input. The results from each test can be printed out for the
e ~ student and instructor. Questions are true-false or multiple
‘ choice. - \ R ia S V
' e L RATING:

1. Answers are scored right or wrong, and a designated pegpentﬁ
*  correct is required to pass the test. ~  RATING: °

2. Tetal score on the test is ¢Orrected for guessiﬁg,‘ .
\ . \ \ RATING:.

. D N Some‘quesfibns can be weighted tiore heavily than others.

N

4.\3A‘designated\ﬁercentagé of'a set of objectives must be
E passed in order to pass the test, for example 3 out of 5
o - objactives., : \ e _RATING:

5. A specific.objective or objectives must be passed in order
\to.pass{the test. - o RATING: \ q.

; 6. A specific questioq#muéiobe pqssed\ih order to' pass the
- objective (or thetest). S RATING:

L 7. Performancé“éheck?ists,Qaé completed by the instructor, can
« « T ., bescored by the computer., - &  RATING: .

R : o ) B
T 8. An instructor can bypass a test by *certifying® that the
L . student knows the material. S - RATING:

i

B. Additional On-LiﬁéuTeStfhg Capabilities -'Students can be tested
- on-line at a camputer‘termina1.‘gTBe order of guestions and the

. sequence of alternate answers for each question can be scrambled
‘automatically for each test administration. On retesting after

. T

v
. »

o N . . . . . .'ia R ) . . - \ )

RATING: _ -
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C.
for use of Student- data rollected before or at tﬁé‘begznn1ng of
Uses cari ‘"nclude, for example, examining eliminations

~ training. .
as a function of aptitude and years of school or prediction of how

- respon$e (English:words).

o

Determ1nat1on of Pre-Course Student Characteristics - Prov1des

Amount of testvng depends on performan;e On {
RATING:

Amqynt of testing ﬂepends on performancg ‘

ear11er 1n the course,

»

:Random presentati;n order fbr questxgns. >

“Questions can requ1re ccnstructed resp@nse

this test .
s 2. Random presentation nrder cf alternatzve
- awswers.\~~‘w
3. Retest1ng s only over fai]ed obJect1ves
4.
‘( Eng] 1sh) answers. .
5.
earlwer questions in th1s test
6.

]

RATING:

-
»

RATING: .

-
*

RATING:. -

fast a student ww]] comp}ete the course, °

P ¢§“A:i"

- N

Q‘j.h

RATING.\

Comnuter storag?’%nd retrieval of re]evant Air Force
personnel data - for example,-ASVAB or AFQT scores,

or buograph1Ca1 data such as prev1ous schoclang. -
| RATING

2 . v

oy

Storage and Retrweva] of S*udent S Pr1or Knowledqe
of Course, Block, or Lesson Objectives ~ scores on
{~cr1ter1on-referenced pretests or other measures of

trainlng obgectlves. AR

-

Starage and Retr1eva1 of Student s Learnwng Process Skills -
for example, any ability, attitude.or interest type measures *

[

-

~ RATING:

such as read1ng csmprehens1on, study hablts, etc.

Q

T

L NN

» .

RATING

. Storage and- Retrmval of ;StJdent s Cuurse-Spacifzc (:Ntxcal
~Entry Skills - for example, aptitudes, abilities and inter-
ests that are specifically related to.success in a par-
t1cu1ar training specialty, such as mathematical ab:]:ty
~or interest 'in the career field.

RATIEG'

. an inwtwa! fa11ure, retest can be on only the—faw]ed obJectives.
Questtons can be trueufalse, multiple cheice, or constnucted C
The amount of testlng cap be depen-
“dent on the student s earTaer performance in the ﬁgurse or on

\ TING.. \

‘~RATINGi‘

4

L~
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- D, Determaaat1on of\with1n-C0urse Student Att1tudes and Interests -
- Provides for use of attitude of interest data collected in the
‘tourse of training. Uses ‘could include evaluation of -instruc-.
. tional materials or procedures, prediction of completion times *
~or rates of-:progress, and pred1ct1on of field perfo;magce.\ +
o RATIN \

* N N
L) ~

. Storage and Retrreva] of Student s Pre-. and’Past—Course
- * Attitudes - for example, student's attitudes toward
training, mater1a1s, or methods . RATING
2.1\Storage and Retr1eva1 of.Changes 1n Interests or Attatudes
- During Training - for example, periodic questionnaires to
assess. interests in the trawning 1tse1f or the media.

| S o T RATING:
{1. STUDENT ASSIGNMENT °(IN 'SELF-PACED CBURSES) Z Use.of the compister to -

* assign_trainees to lessons, -tests, or other instruct10n31 alternatives. ..~

The a%Signments. can be %ased on‘tons1deratwons of lesson content,.avail-
able resources, student characteristics, or student pgrformance:data.

Students receive their. next ass1qnment 1mmed1at91y after completing
- their preceding Tesson, and train1ng resources are schedu]ed for .
optimal usaqe. | \

-
’ C e -

A, Ass1gnmen* to ATternatvve Course Vers1ons - Course verswnns
whith differ_ as to content (perhaps Fbr different §bredouts of
‘a specwa?ty, or to test and implement néw, tra1n1ng materials) N

S"\

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

. verswo@w*m be asswgned on'ly the matema?s for that version.
o - C : e IR : RATING~ )
. . 4 - !,, . R
" B. Determ1nat1on of the Order of Ass1 nments - The computer takes
“into account various classes: ‘of information in determ1n1nu what
_ to'assign next to a trainee, The information considered can
*,, Uinclude,, for example, work the traipee has completed to date,
the tralnee rate of ‘srogress to date, availability of instruc-
tional resources, and requzremerfs to aosemb1e a team of ¥~
trainees for, a tra1n1ﬂg task, ° ¢ RATING:

\i.\\U?der of assquments based on Iessons comp]eted to date.
I \ . RATING W

2. Qrder of assignments baspd on pprformance (time.and ‘ﬁ’
. scores) on earITa? Tessons. - =~ »  RATING: .
3. ’Order of ass1gnments based on ava11ab1?1ty of resources.
\ IR . - RATING: -
' 4.i\0rder of assignments ‘based on cons1derat1ons of assemb?1ng |
a team of traxnaes for a team task - RATING:

- = R ! - : :w -
R L - TR

.
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5, Order nf 3551qnments determ1ned hy a110w1nu 1nstruator to

\

3

prck from ava11ab}e 1essons.\ _ RATING'

Assignment to Alternate Lessons - Provides for student assign- . .

ment to.available alternate media (e.q., printed vs. audio-

visual media) .r‘alternatp vers1ons (e.g., easy versus dlff}cult)

. EATING
\ R B \ \ Yo
1. \BaSEd on Instructor Selection - instructors se]ect alter-»*\ o
nates based’on their assessment of the student's needs. - I
\ i . . \ RATING:  ° e

.‘\Based on Student Selectwoa ;\Etuﬂﬁn}s se1éct, fﬁﬁm\11sts of
available alternate medxa or lessons, the particular one(ﬁ)
¢ ‘they prefer, . \ o \ RATING

~J

[N S,

{“3.\ Based on Resource Availabili¥y - computer proqram makes the = - .

seleetion o?b*’parﬁﬁcn1ar med1a dr lesson on the basis of -

™~

availability. Y RATINB

4. Based on N1th1n-€ourse Student Performance<- eomauter pro-
" gram selects a part1cu1ar media or lesson on the basis of
the student's prior test scores, times-to-complete, or

w1th1n -course mnt1vat1on/1nterest .
S . e . Rm&r; |

M

\Bi Based on Pre-Cuurse Student Character1st1cs - camputer pro-

- - gram selects a particular media or 1e?son on the basis of
~the student's general aptitudes, abilities, attitudes,
i 1nterests or other pre-course data. RATING

~ 6., Co puter SeTectaons Based on Logical Rules - simple

1. Lessons - the computer assxghs ‘each student to fhe best .

\ . then" logwcaj rules are used in the selection of media
\ar 1essons : \ o -~ RATING:

7. Computer Selections Based on Performance Predictions - .
student characteristics and performance are used to predict
\whirh med‘aa or 1esson iswbest for a gwen student.
\ RATING:

v B BN
-

| Assignment to A]ternatlve Remedwat1on Activities - Providbs for

assignments to available alternate remediation ma*eraa]s and

medxa (e g.s CAI rev1ews, 1nstructor tutnv1a]s etc.).

RATING*

~_available remediation alternative for second and subsequent
\ attempts tb master lesson objectwes. o RATI‘NGt -

A

- \ R ¢

R 7 \’?3‘3\
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" Lesson Groups - the computer assigns the best ava'i]ab'le "
remediation alternatives to each student who -is having
- difficulty master'lng ’the ob.jectmes in a related group
. of lessons. o - RATING:

w *

3. B1ock‘or Course Level - the cumputer assigns the best avail-

difficu1ty~master1ng block or course level objec ves.
= - - | _ RATING.\

"

‘\Test Selection and Assignment - Different fbrms of the tests

can be selected and assigned by the computer. The comput

- can-also determine if a particular trainee should take an'on-

Tine (CATL) or an off—!ine (paper and penczl) vers;gn of a test.
| . RATING:

. Assign the different forms of a test at random.

'RATING: .

earlier attempt. \ | RATI

\2 Exclude versions that were taken by the trainee og%gn

3. Computer determines whether to assign on-line or off-line

version of test. Q v RATING'\

Assignment to Supp1ementary Skill Training at -Course Entry -

- Provides for assigning those students jdentified as having
N deficienC1es in critical entry:or learning skill areas to -
c\?supp1ementary or remedial skill training. Students would be

assigned in these areas prior to beginning training or early

“in the training process by Spec1a11zed materials or instruc-

| “tignal procedures. L \Z RATING:

S

6.

\i. Based on Cr1t1ca1 Entny Skill Assessment - for examp]e,

students would be assigned to materials to improve their
reading skills or mathematical ski1Ts prior to beginning .
trainwng. . o \ RATING: .

»

students would be assigned to materials to remedy defi-
“ciencies in general study habigs and skills, including con-
centration skills,: memorization sk111$, and test taking
skills. . S S RATING: __

Add1t1ona1 Resource Management Consaderatwons < The system can

determine which resources-are needed by a lesson, if they are
-available, and where they are located. Manageq_resources can \
* include elassroom spaces, lesson materials, media devices, work
stations, simulators, and other training equipment. Students

can be assigned in a manner that wz]] even out the dwstr1butwon

TNy

diatTon alternatives to each studentlwhgqiSahaving S

2. Based on’ Defwcient Learn1ng Skw]]s Assessment - for examp1e, R

g

3\
R )
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af\students throughaut tha tauz&? and\that will atteﬁpt to keep
as‘manx ass1gnment uptions availabie for the, student as possib1e.

. N .- ~ RATING
\ <\&\$ki \ . \ ,
S, fent asswgnment to the learning center or classroom
‘ with the most room (other instructional consideraticns
being aquai) % - ?**-* RATING \
;QE \ 'szgi Student assignment to b]ocks,of instruction to achieve '
7% an optimal distribution among baocks (other instructional

‘\;?i\\ ~ considerations being equaI) ~ RATING:

~i°\ 3~€fCapab11ity to assign students ta resources thatnare outs1def .

their own learning center or classroom (that is, capab111ty\ - wu&f

13,\to share Tesources among severai classrooms).;

-

T _ RATING:

M »
| "B »; . —————g .
RN :

111, STUDENT PROGRESS«MANAGEMENT Computer-based-capab111t1es to

support the management-of a trainee s progress-through a self-paced
trainihg process. These capabilities range from simple scheduling to
sophisticated progress prediction and~management. Both the student and
instructor know how the student is progress1ng.at all times - on

\schedule, ahead, or heh1nd \ o o .

A\
. Schedu]ing Student Entries into the Course - Nohfymg ﬁhe
- stbdent squadron or other authority as to which studen:
start the course each day based on available space in the
starting black or blocks‘ \ , 'RATIN F

I §LT€B. Braduatzan Forecasting - Predicting, um the basis of the stu-

- dent's performance in the course, the date on which he witt————

vf f . complete the course, barring subsequent absences. Predicted

. .graduation dates can be Shown on the Learning Center roster
and special reports can 1ist the students predicted to gradu §e
* within a specified number of days. ~ Required out-processing
- activities can be scheduled, reports for the Base Personnel
office can be prepared or the System tan be directly inter- .
“faced to the Personnel Comnmter System. - RATING:

o 1. Predacted graduatwan date shown on roster \RATING:

\ ?;%2. Predicted graduatxon dates within a specifted
;. ‘\\‘number\of days are available by special report
\“w\ ¢ RATING
3. System-generated reports to Base Perscnne1 Office Q \
RATING ’

4, Direct interface to Base Personnel Gomputer Systam X
. o . RATING:




5. System schedulipg of out-processing activities .
e T C. Monitoring and Management of Student Progress to a Target - ~
e ~ EstabTishing a target completion date, for the whole course or - ..
for individual- blocks for each student on the basis of pre-
course characteristics (e.g., ASVAB or Pre-course test scores)

E or performance in the early tlocks ofethe course, Both ‘the ~
student and the instructor will recefve feedback on the stu-
dent's progress relative to his target. Targets can be made
‘relative to either average actual course length or the POI -
course length. g T . \ RATING:
1. Targets énd\managemgnthprintouts addressing the whole B
\z;ﬁiTargets and maﬁagement printouts adﬁressing individual o
| blocks. . = - RATING:
R 3. ‘Usé\of pre-course data in gstabliéhihg targei dates. \
- - - -~ RATING:
| . P o : .
4, -Use of within-course data in establishing target dates.
o | : ~ RATING™
5, “Targets are establiéhed';elative to‘averagetéaurse 1eﬁgth; 5 ““~
T S N T \ | “ RATING: o
6. Targets\éfe\EStaB1ished’reTé£{Vé\to\POIfcoursé length.

-« IV, SUPPORT -FOR GUIDANCE AND COUNSELING - Computer-based capabilities
. to support student guidance and counseling by instructors_and course
! management personnel. These capabilities can be based on identifying
~entry skill deficiencies, deficiencies in within-course performance, or
both. Instructors can quickly determine which students need counseling,
and can retrieve from the computer the information*needed to give mean-
ingful guidance to the student. ‘ B « o

\\\ . . > ~\ N N . ; N N ‘l
Identificatton of Stddents Needing Special Attention at Course

. A.\

g - - Entry - Provides for the identification.and reporting of stu-
‘e . ... - dents expected to be proficient or deficient with respect to
et  mastery of course or training objectives. . Tnis ideﬂtifiéatidn)\\
L \ ~ and reporting is initiated at the beginning of the training
-~ . . process to focus guidance and counseling functions on those
=, .~ students most in ne¥d ofsspecial training procedures. )
» ' ‘ : : . 0t = o \ \ -~ RATING:




\\3;\1SCOPES for'All Students on Cr1t1ca1 ‘Entry. Var1ab1es Printed -

1. Students Flggged on Pre-determiukd Entr~g ar:ab%es - fdr

_‘example, a 1ist of students megsured as proficient or as. ‘
: def1cient on precourse assesy nts can be pr1g§ed e -
. - \ TING \

2. Prafxcient and Def1c1ent StudLnt Scores Printed - besides
~ listing students expected to be proficient or deficient,
their scores on selected critjcal entry skill variables
{e.g., readtng, math, study skil]s) can also giTprénted
’ \ IN gf\

a report which incTudes the scores of all students on those

variablés identified as critical entry skills, flagging \
those student scores which are deficient. Allows- extra

\ capab113ty to watch students who may be margwna]
: \\ RAT"&,! lG i

4, Profic1ent and Defic1ent Student Predicted Complet1on Times
 Printed = In addition to the foregoing information, the
predicted training completion times can be printed for those
students expected to be prof%c1ent or def1c1ent in master1ng
tra1n1ng objectaves . D RATING

LN

A}

Ident1f1cation of Marginal Student Perfdrmance N1th1n—€ourse -
Proyides for the identification and reporting of students
~ expected to. have difficulty mastering training objectives.' %5\

Identification and reporting are initiated during trainwng to | |
dinect spec1a1 help to those students most in neegA$f it. \5@\ L
ING . L \\ ) 1\ ‘g:\

* . —— N

L 1. ,Students Flagged on Pre-detewmlned Time and Score Variablés - | L

| "2, Times and Scores for Margtnal ‘Students Prtnteda- for e

 for example, a Tist of those students exceeding pkedetermined
" training time cut-qffs, or scoring below predetérmined -
- criterion levels on tra1ning obaectdves, can be printed. -
| N RATING: * |

~ "

‘example, -besides 1isting students whose performance, in
. training is marginal, their actual time and score data can,
) aiso ?e pr1nted . = RATING

_ Students Ident1f1ed for Possib]e ETimination’ from Train1n \
of students lis narg se whose time or score
data are below course—estab]ished minimums for acceptable
performance weuld be f1agged as gpsswble sgndadates for

o el1 ination. B RATING: _

4, §tyd:nts Identified for Specia]ized Remedia] Trainlng - -
students identif?éd as marginal on the basis of their train-

. . N - . . ) ) N . ~ 0 N : \ ’ \‘\\ R
» N N N N - > N N N . N N N N N e N
LN . o s T e e N . . N m )



ing times or scores recezve spec1a11ged remedial train%ng
.- ‘assignments (e.g., to special instructor tutorials,

remediation sessions qut-of-class, or special skill tra1ningf ‘

for remedy1n§ learning or stuﬁy skil]s weaknesses), .

. o L RATING:
V. COMPUTER—RIDED INSTRUCTION (CAI) - Lesson materials are stored in -

. the computer, and on request are displayed to a trainee for study. The
‘3tored materials can include text, questions, and_graphics. The trainee

may interact with the computer ‘through a keyboard, by pointing (touch

. panel), or.with a Tight pen (pointing to or drawing on the display
“screen). Student interaction can range from "turning the' pages" on up

through very SGphist1cated exchanges - for exampley_in simulated trouble-

o sheoting, vaﬁﬁoys information can be: requested from \he computer, and
\ var:ous solutions can be tested L

A" CAI gggj1cations - Theng are five d}fferent ways in which CAI
- can be used in Air Force’ trainlng .drill and practice - =
= practice with correction and’ guidance of basic skills and -
knowledges learned via other media; tutorial - the use of CAl
for particular whole lessons which are particularly difficult;
simulation -"Use of CAI to simulate equipment or processes and
~ to teach students to use the equipment or follow ‘the process;
“review and remediation = use of -CAI to quickly ng1ew the con-.
tent of a block prior to a block test or to Yemediate over
failed objectives following a blogk test failure; and study
-skills - use of CAI to teach specific study skills to students

who are defitient 1n these™areas. N RATING:
. & ; Drﬂ] and. Practice CAI in your' trammg 6?ea. o e
o o | RATING:
: 2. ‘Tuh0r1a1;éAI i your trawn;ﬁg area. o RATING: \_Hh___
3. S1mu1at1on CAI in your tra1n1ng area - RATING: |

54. €Al for Block Review prior to tHe block test.

: 'y et v . RATIpG:
. ‘ -
5. TAL for Block Remed1ation after a failure.  RATINE:

A ——

‘6. CAI for teaching study sk111s. \ . RATING:

”“3:7 CAI Capabilities - Regard]ess of the ‘particular applications,
" ."the sophistication of the CAI capability can.vary from lean té#

\ © rich. The most basic CAI system would present text, and allow

‘nput to multip!e-chaice\questions via a typewriter keyboard.
- The CAl programs would contain the capability to adapt to the
_ . student's responses but they would not access other 1nf0rmati§L
+ about the student stored in the computer. A r1cher CAI system

. L ) L -k
o . 4 o . . . . -
., - P . Sy - ” L o . . - L
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. . A
.

-
-

wilT\support\grﬁphics;(iing;draﬁihgs) as well as text;'aiiéﬁ

students to enter-constructed-response (open-ended) answers, to
respond by touching the screen (using a touch-sensitive

-surface), or with a 1ight-sensitive pointer {1ight pen), ' .

‘control a supplementary slide or film-strip presentation, .

. control an audio tape, and retrieve other information about -

the student from the data base to allow more adaptive
instruc;inn. ‘ ’ RN . \ N

. .\ o \ : o z >
1. Basic CAl ﬁ'p;égenting\text, and allowing input to multiple ~
choice questions from a keyboard. - Has: the capability to.
adapt to the answers, but does not access other information
about the student. o o ‘RATING: _ et
2. Adding"graphics~cipablfity %0} fﬁe‘ba51c\cé1:; S S
| AR SR \ RATING: .i
3. fAﬂdiﬁg constructed reSponse test itéms (English . -
answers) to thé basic CAL. =~ | RATING:. ___
o 4, ~Adding~touch-sensitive or 1ight‘pen~éapab11ity.‘~« s
| e T - . | RATING: §
5. Adding audio tape control to basic CAl - can
present voice accompaniment during selected \
parts of the lesson. R \ \RATING:
i.\;Adding computer control over a slide or fi]ms.fiﬁ  ‘ké
" projector - can present supplementary visual material’ *
. to accompany the CAI display in designated parts of.
the lesson. \ . . \ RATING: -
- \ 1 o L S
7. Providing additional student information from the ST o~

/ diagriostic, tutorial, or other counseling skills for those
- instryctors who volunteer or are selected for this training.

computer data base - for example, ASVAB or AFQT scores,

reating ability sceres, or performance on an earlier

lesson ~ to increase the sophistication of adapting \
 the CAl program to the student's abilities and interests.

” ) \ \ . RATING:

LA

On-line Learning\P?ocessxok\Specialized Skill Training - ﬁrg; :
sentation of specialized training in.a highly interactive,

- computer-assisted format to either students or instructors. In

the case of students, the on-line mfterials would be designed

s

" for Tearning skill training (e.g., study habits and skilts, - % - = .

test-taking skills, memorization skills) for those students
jdéntified as needing this training. In the case of instruc- .
tors, the on-line materials would be designed f{o .train

I
. RATING: ~n
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‘x\“\”\nd maintenance~cf thls 1nfarmat1on o F \ . 3.”«\\
. | In the case of Computer Assisted Instructian (CAI), all of the |
‘ .esson information (text, quéstions, graphics, branch1ng instructions, »
tc.) myst be stored in the computer. CAI Materials Productioph and §
] bwnteuanae refers tu entry-&torage and ma1ntenance of th1s 1n ormation.«

| ompletion times, etc.). * The (

B Autamatxc Val]datinn of €

- fbr'example, for students

\ 1 : ef t n cnqtical entry skills or as

having margina1 within-caurse performance, assignment to

\special%zeq onhline mnteria]s wou1d be pravidﬁgT R
\ ‘ ING:

- i j ski]i/ro]e tnaining. assugnmbnt ta spec1a11z§dao~9;\;»ﬁ

\~{'train1ng materials and sequencgs wnu]d be provided.

er, course, -etc.), the course.
» 5., allowable sequences of lessons,
\student perfbrmance?\lessnns completed, test scores, block. '

e, social security num

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

nel to enter the information that describes the course structure -
%S ‘the computer. This editing: should'be easy to accomplish and

sy to modify. It can be an off-line card based system (curse. .

rsonnel describe the course structure on paper, and later -
_receive a printout listing what has been entered int “the data
base), or can run on-line (course personnel at a computer
terminal enter, display, and change the informatiol directly].
Te facilitate use, the on-line system can use graphlcs to dise
play the course. structure (the a]]nwabTe paths throuqh the \§%\

1esson‘hater1a’is) | ‘ A

L Mak1ng the system “on-line, rather than the off—]ine

.card based approach \ | | \i:\ . RATING

\}‘Qﬁf2;  Using graphics tu display the course strUGture, rathér

‘than re1y1ng completely on words égy : RATING

3

urse Data Base In eqrity - Capabwlity
11 required data Base records . to

to check automatically 1:

\detcr1be the course are pressnt, and consistent. When a new

‘course or course version is implemented, or an existing one: is

- changed, all of the lessons, tésts, and blocks must be. inthe
data base. This capability w111 autonat1ca11y~check for o
completeness 3 \ - - RATING:

ORI
e \ :
» ) N o '
R . .

RN . .

« L . . o .
- . * . N .
KN o )

CRATING: -

CMr DATA BASE AND* tAI—MATERIALS PRODUCTIONrAND MAINTENANSE. T
- _erform any training functions, the, computer must be informed about the;f:

T »yw(tests, lessons, resources;

Data Base refers to entny, storage, ey




€. Er
\‘ the capabi;‘<y

 ~jtional featur

Coas

r on- ine testﬁng, a means must be prsv%ded to
enter the test. quest1ons and their alternatives :into the

computer system's data base - a Test Item Editor. The simp?ést \

form of .the Editor would allow the ‘author to type in text. Add-
wwould format the. test°quest10n for the author,:

~ -allow athe authoﬁttéqdecide ‘whether or not to randomize the

presentation order ‘of test items and of alternatives within -
test items, tontrol the number of attempts the student could
make on each item, and enter feedback messages’ to follow

- correcy ‘and incorrect answers. '  RATING:
ﬁ‘]-:iAdﬂ1ﬂ9 automatzc formd%t1ng for the entry of test Tt
Cu questions. abiae g e \ RATING.

D

-

- 1.

o2, \Adding authnr control over whether order’ of test

- 1tems and a1ternat1ves will be randomwzed .
Q : \ SR \ RATING: |

3. Add1ng author control ‘over the number of attempts
a11owed on a questzon.~ o o RATING‘\

L

. 4. :Add1ng feedback messages for correct and i carrec» 5

answerg at the authcr s. option. - % RATING:

~ CAI Author1an§§1t0r - If the System includes CAI, there must
“be a rmeans of producing the CAl materials.or programs. The

- traditional approach is ‘to have CAI authors learn an authoring
Janguage, and use it in writing their lessons. ,An alternative
s to have CAI Iessons written by an author!programer team.
These appreaches require practice and experience. Another

‘alternative is to provide a CAI Authoring Editor which structures -

the'author's task for him, provides standardized formats for
text frames and questions, and eliminates the need for any pro-
gramming ability. JThe program format would not be rigid and

~alternative presentation approaches can be prowided 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’?equest. The HELP information

"can refer just to the operation of the Editor or can also
provwde gu1delines for good 1nstruct10na1 pract1ces

S8

i



\‘Userﬁf“Ttgt Item’ﬁﬁa“tﬁl R“fﬁbFTh EdTtors Tor foftTné -
Materials - If Test Item and CAI Authoring Editors are avail-

e S SOPNN SR

) N
.
- “l
.5

"

3. .broviding, in the Editor, automatic structuring of.

the sequence of frames and questions in the CAI
H presentation. T ~ §  RATING: \
4;f*Provid1ng ‘capability to copy text frames, questions, \
fland»graphics from ather CAI lessons. o RATING .
‘ S!fnProviding a. HELP request to dispiay 1nstructzons for\ .~\\\g\‘
using the Editnr\wnstead of re]ying entirely onan =,
instructibn manual, \ : RATING.r o

6. Addjng gu1de11nas for good 1nstructinnal practices .
- as part of a HELP request at the term1na1 RATING:

Tk, 1t may be useful te use them for'producing tesys and
instructional materials which are intended for use off-line,
e.g., regular prograﬁmed texts. -The Editors can be used to

" write, review, and revise ‘the tests and ‘materjals.and the final,
V product can be printed out ready to be reproduted. If the

number of copies required is not too great, multiple copies. can
be. printed to avoid the need for reproduction. Finally, small-

- group tryouts could be conducted on-1ine {1ike CAI) to provide

more detailed information on students reactions to the .
materials. §r‘\\ ‘ : RATENG: - -

. tUsmg the Test Item Ed1tor to cbnstruct and produce

Fi

2.?»051ng the CAI Author1ng Ed:tor to construct. and
3. Us1ng é&1tors for . rpv1ew and rez};lon of tests and -

4, Pranting out a master oY ‘ready for reproduct1on, of

'**9ff-11ne tests. f T \ \ RATING

‘R A

- produce off—J1ne Tesson materials. RATINQ'

1esson materwals. - RATING:

-

tests and mater1a15 wh1ch have been wr1tten usihg thel ..
Editors. & . - RATING:

- b, Prant1ng out mu1t1p1e cop1es of.tests and materials,

in order to bypass reproductwon for small quant1twes .
\ ) - RATING:

o L s — N

6&“Prov1d1ng capab111ty for conduct1ng onfllne small e
~ group tryouts of materials and tests. . RATING: b4

5

Use of On-Line Ed1tors for Product’an and Maintenance of Course

§Eocunmnts An Editor like those described-for Test Items and *.
CAI autﬁ r1nq cou]d be used for prodUCTHg course documents such .



TR T . L o -
R . as the POb course charts ‘outlives, %gl.“ The documents
et Coo would .then be available at any timé through ‘tdw%ors for - . )
ST T \rev1ew or revwsfon and oupnes cauld be prifted ou; as needed. - . °

»
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LTI INEBRMATION RETRIEVAL AND. REPORTSN Tr afacompu‘cer-baseu trdining ' |
... -system, Targe amounts of information about. %? jnees, cqurses, course .‘ B
T geed materials, tests and.test items, and other. narts of the system'are RPN
o e stored, and-3re .available for periodlc Hpounkys, daily, weekly, - o
‘ W monthly. .. ) analyses and reports. ‘These fu Yons.are 1nténded .
~ principally for ‘instructors, managers, and administrators. They can be -
= valuable to instructors who must prov1de management and guidance to "
_.l.ww - stuients.' They-also'can be valuable in providing.quality control over, ™
- students and nater1als, in 1mpr0b1nq the management and administration-
- of tra1n1ng, and.- i Tuating and improving all aspects of deveTopment
G and 1mp1ementat1qn of'tra1n1ng matar1als and proqrams. W o ST

-

AL Reports_ for Instructd?s -'Large amountslnf data ‘can Be collected
N ~ and made available to “instructors, but the reports. should be
a7 _carefully structured to meet the needs of the instructors.- The
N +° reporfs may include: ‘classroom rosters,,summaries for specific
¥ T on Parts of  the course, inu1vfﬁuo] history reports, and.sJuinavies ‘ o
Wocaer for Eﬁa clag;ﬁnon. RS \ . . RATING: . -

! N
»‘ . ) ha . . N ‘\\ . NS .

RO N ’bearning Center or Classroam ROSTErs - Pasters can be dic-

\ . ~ played.or printed to show many different kinds Qf informa- Y
M * tion about sach. of the students in.a classgpom or learning S
T <, . ‘center. ‘The basi¢ Yinformation would ‘inelude soc1a1 security ¢
e ot numbers, names., carre] (or pos1t10n) nuﬁberé absences, )
L ~E;current‘block,'and ratejif progress. .- RATING L
- e 20 InH1v1dua1 B]ock Progress Reports - The\comp er system T
L -+ can allow review of data by instructors, sufiervisqers, - e

. IR \ ‘counselors, etc., via local,terminals. ~Progress reports .
. .. 7 . . w ¢an provide: data for in-course counseling and can become ..
o - . economical. replacements for some of ‘the current manually

L) o 5.\ . prepared .forms .whwch accompany student records throughout
.« - the course gnd," in some tases, beyond graduat1on. ““An
. T 7 Individual B]ﬁtk Progress Répgrt will summarize student " %
~ . - progress t1m§§ and 5c0res, and'other pertinent 1nformat1on.

; Y ‘ o \ . \ - v ‘ \ \ RAT-ING : .
e \i;': ) Informatwon rncluded "in the biock prdgreys renprfs can »
ij [.:i. \\«; dﬂ?:‘ g 1nc1ude some or all ﬁf tbe fo]low1ng *~‘m~° o »\:1§§ 1
fff‘:;s.wﬁi“°\\i‘; aJ leSsans cumpfeted by the student' AN RATING.. ; o

Y w\ o oaa v . L b \ \ IR
X * : ;f ‘ b)suumbers of attempts, and scares on gagh. \ S
S T s e attempt, on each*]essog ~; W RAI;NG T B
v . f » . —p—— .
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c) objettives fﬁiﬁed\ﬂuring‘thefblock;~\\1 RATING:

cT “"4) time spent on each Iessan and on the
( R ¢ . a : . blOCk‘ﬁ . } . . . N - . RATING.

3

R o e) amount of twme student is ahead or behmd i >

. \\{5} I *f) amount af homework student‘has accomp11shed

5[\;§t:$v | EfTérge amount dF—_dditiona data- about an individual

student. ' This can include the student's séres on preceuréé\

.. -™  aptitude and interest measures, scores on critical entry -
- ski]l tests, time spent 1n%b1ock remediation follpwing a’
bldik fa11ure, and absence times’ and reasons: for absence. -

N . | | on , f’ e RATING,N . |
;fw“1~ - :;" - Informat:un in the Individdal Student Histany Report can T

\f 1nc1ude*some or all of the fol]ow1ng.

o a) attwtude and 1nterest information; RATIﬁéE R
"iz 513‘\\5 \‘“*‘? b) scores on cr1x?ca1 entrx»skwkls, o f RATING:\ 1

e < c) time in b]ock remgdlatwon foT10w1ng a b]ock .
» 0 o failure;. T \ T RATING

R d) lesson obaect1ves that were fa11ed more than
» M . twace, \ S ‘w ifs '\' RATING:,
! . e) time absént 1n each b]ock, and reasons ?or ,"
| .+ absences.’ ;\‘; . - . . RATING:
SRR O 4; Addi;iona1 Reports on the Student - \\;5 L -
. | ;w‘ T a) Absence Report ta replace—the manua]‘absence . -f g
. remrts oo . oo . O RATTNG PR

\ b) Homework Summary Repart 11st lessons accomp}1shed

. ST ; RATING:
IR \~,.c) ﬂn-]wne d1sp1ay of student~data - the capab11¢ty to

L 4'. . -+, call'up and dwsplay any of the-available student  °
R o 1nfbrmation. o e RATING -

. .
oo e . - \ . 2
R N LI R . . . . »
B : . . . o :
a ® R » " Y A ]
-

USSR o -
— e

Individual Student Histo Reports - The system can proviQe{_«

i“f“?\”“j“\f o TS homework and to summa homework time ‘expended; e

B



-y .

- the distribution of comp]etmn times for blocks and,the course

\ Traming Management Reports.- Reports: such as these are mtepded )

Yor.use by managers (Shift supervisors-and above) in monitoring . :, «°_

* training act¥vities.’ Potential reports include number of stu-, .. y™7
-.dents awaiting training and how lnng they have been waiting, . 7

number of trainees in each block or each classroom on each base,\;«s

wtself d'efferences in trainee performance between parallel

classmnms or. bases, the extent to which instruetiond] resources :
such as- carre}s equ‘ipment, and training devices are -being . R
out1hzed and sunmames by b‘lock or nther umt, of *tra‘mee per- e

’ formance. ’ ‘ - . -
' Repnrt on Students Awawtmg Traimng; \\RATIN\G'
’ ’ 2¥ Report af number of students current'ly m each b]nfck . \
. LIRS classroom, or on each base, S RATING ;
) o 3 \ The dwstmbutwn of complet‘ion tlmes for 1ndwwdua‘l | _&
S0 T oblocksy .t T T, L RATING" T
~ 4, The distmbutwn of cnurse completwn tmes, o . T T
: \; . " 5 Differences in gtudent perfomance across para‘lle‘l ) ’
- \ 1eanmng zenter classrooms a? bases, . rRATING
’ ) - 6. Repnrts of 1n‘structwna1 résource (fac:h%es o o
S o\‘traming devwes‘ etc. ) uti‘h.zat,wn, ﬁATING % R
Ny \;\7:\:\;Repert of utﬂ1zatwn and perfor-mance of x L
L mstructnrs. S | L RAYING N
. . 8.\\\*&mmary Reports of student: comp]etmn ‘t‘imes a’nd L,
R S f'ma] grades, by bJock _ \ RATING NG R
i . © €. Cdurse Ev Tuation Summar l - Sanmanzes student performance on . *
_ . individual lessans withineblotks and onf the Block itself. It is *
- - 1nte~nded for use “in small-group-tryouts of new materials and- o
. monitoring student perfomance on establjshed materials. The *
o - Course' Evalwition Sumnary can contain a vamety of features, AT
o . listed be]ew. v . " RAT.ING " e
e I P Fwst-attemptﬂesson ar‘aa b]ock test scnr-es. RATI\NG ’\ "
- | -2 Fma'l lesson and. b1ock test scores.“ \ RATING\ 3 o
| ;3. Mean and stawdard“devmtwn of fwst—attempt lesson " RIS
S y and b!oc(\ test %cores. St _RATLNG L
3 N . : P ‘ ‘ ~. :
] . L N ¥ R
v Y N . \ \‘ W
T ‘ %.. < . 82 v Qr RS >
R | - ., «85 R e




Mean and standard deviatjon-of final lesson and, ‘ \; T L.
*block test scdaes. o n a RATING* -

Mean and standard deviation of first-attemg; lesson'

’f\Mean and'stﬁhdard deviation of lesson and b]ock

. .First-attempt Lessan failure rates. . RATING:
n.

2.

&

)

R Y

and block times. © M RATING*,.

completian times.' A § RATING\: ? . @f:

Separate score and time data for a!ternative moduies
within lessons. I - RATING:

Scare data broken out hy objective wwthin lessons. | : ' \\\\‘\f

" RATING:

:First-attempt ubsecttwe failure rates. . RATING:
CorreTations show%ng the' relatienship between
predicted and actual les spn and block times e
and, scores: | ~ RATING:

Summarized data on 1essons, moduies and obaectives i\, x ;
with finst-attempt failure rates above a certain = . » o
percentage, @ , B \ -RATING: ' Sk

v : . .

‘fTest Item Evaluation Re ort - Prov:des detavled nformation on :

the characteristics.of block and lesson tésts, t could con-
taih a variety of features,.]isted below. .- RATING: o

-

‘The number (or percentage) of trainees‘selecting eaeh

a]ternative answer to test questions. - RATING*

\Percentage of trawnees answerwng each quesgldh .
correctIy \ ' R, RATING

Averaqe test score of trainees se}ectwng each %
.a1ternat1ve on eath question. . - RATING 3

\ F1aggwng test questions missed ‘by over 70*percent \
'~ _or by note of the traineesy .

‘.. RATING:

Item-remainder corre]at1ons for each questaon.
: RATiNG*

N . . N .
- . Se L] \“ . W ————

Means and standard deviatacns of sceres forveach. o -
objecwive and for each full test. * =~ RATING' =

\\ N \\ N N N 4
. N . R
N ) Y RN . .. A
g3 8 - : |
. f * e T - o
Y. : . N .
N N > L]




S - v AR
S o~ 'Dtstributwon of scoﬁts on the fum test. RATING: ;
. .. B. ’Alpha r'eHab'Hity coefﬁcient far each ebjact'lve .
e _r.t . ahd for the fuﬂ tesi:'.. e e s > RATING \ \
\“ ) i v .\.\3~\~ 2 . . i T ‘-F_.
S 9. \Criterian-referenced reHabi'-hty coeff\tcientb for
o, | each omective and for the ﬂm test RATING*
S E. CAI Eva‘luatian Daty - “Since”CAT Involves ﬂ»equent interactmn«

R - . with the student, very dgtaﬂed evaluation.data are available o
ot - from CAI programs... ‘The mast frequent use of this information B
S - would be durir tive evaluation {small-group tryouts) of
L the prog\r!ams; A amety »of capabi'thes are 1isted below. o
\ J 'l Percentage of students selecting each al ternat*ive in
o ~ each question frame. ‘ Cowe LT RATING' )
""V/ - ; “ 2. Perce age of students selecting’each alternative .
Dot N in ea questiomframe on their 1rst try, theﬁ\
second {ry, etc.\l A RATING
o 3. The means and standard deviations of the t1mé 0 £ Ty
A ~ respond to’ dlestion.frames and the time to read o -
Cey o text frames. EE R . I‘QG o :

R . -3,% \Usts of unantzcipated res.ponses to constru@ted |
.o ~ response- q_uestwns. - | " RATING: . ___
\ - &, Lists‘ of open-ended student coments about: t,he car R
\\ program‘ | . RAT] NG, -
* .. 6. DetaiTed records of each student s path f.hrough a . e
| « - . CAI program. i | RATING: . - -
w 7. S’m statistics on major- units of. the brogram, o :~
T e : \.‘suc s time to. campIete and cumulative score.” : o

-i . - . L} - . ! N RATINS . . :""‘ :

o . F. Courseware Development Management Réports:-.When’Editors are &’sed

£ - Tor developing on-Tine testy, CAI materials, or tests and o o

_materials. to be_used off-line, the System can capture infqmation

IR * - about authors' work on the-Editors and the status of the = .

L development.effoPt. This information céuld "then be summarized = ° .-
. ‘¥n management reports foT monitoring materials production,
o review, revision, and implepentation. The reports could include .
SN information such as. the person responsible for developing,. "
iy .t reviewing,. or revising a lesson, how ‘long they have been wprk-
e ing on' 1t, how much of, the work has been comp'leted “and ex ected
N complet'lan dabe. et N RATING: .~ a f |
v \ . g o 84 S?’ ’ ' . ( T: - :‘;\v: \:t’\'; .
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" . 6. Students' Predicted Adaptabilit

- standard rep

\. . ’ \ \ .
. . :

“students will

1. Pre-Servite Education and/or Vocational Trainin
S JndividuaT data relevant to prior education or training.

» .

_Performaﬁce Forecast~hep6rts‘-“P?nvides‘$1é1d. 0J7, oritethnical\\‘
training personne! with trainiMg information which describes  ~

performance levels or prédjets how individual

current student
_agrform in specific training -areas.:

Y

.-
\ \ e
N > 3 N »
L [

- available

RATING: __

2. Pre=Service\Occupational/Job Experience - data :

 which refTects prior relevant job pxperience., .
... e RATING: .
3. Enlistment/Classification Data - data-available in AF
personnel records (e.g., ASVAB scores, AFOQT or AFQT
scores). . o o RATING: " ___

4.. In-Service Training Performance Data - for example, -for
“FTD or OJT managers; a report of individual-student’
- technical training or in-servige training performance .-

, . datasfe.g., scores, times-to-complete). RATING:

5.1 AF SpeciéIt\-Re1ated>Def§ciencfe$ - *for example, studeﬁt, .
data on deficiencies in SKi118y experiences, or abilities
“relevant’ to that particular ind idua!'s.speciq%§y. -
- : ? - \ \ - " RATING: -

Performance and -
., Progression in Operational Field Assignments - for example;
$tudents”™ in-service and pre-service data could be used to
provide| reports of predicted field assignment adaptability,

pérjsym nce and. progression. RATING: &

»

-

Special Purpose Reports - No matter how extensive, no set of
O%ts wETT

and evaluation questions. It is useful, therefore, to have an
open-ended inforxmation retrieval capability that can be used to
answer unexpected questions_about student and System performance.

" A minimal capability would permit the user to define the

* put would consist of ‘the numbe
* standard deviatien, and range.

variables which he wishes to look at, and the types of students

-~ of cases found, ahd the mean, -
N or each included variable, Such
a program could bé run: interactively, in a minute or’so, and the
results displayed on ‘the user's screen or it-could be run as a

_and time periods from which th§ data are to be drawn. The out-

“background job, in a half-hour or so, and»thg'rg3u1t8 printed

p,ut. e o
. . . . B o
N «"\ L] N
* b- " \\\ 85 s «

" RATING: ___ $,.‘w

always' be enough to answer all management - .



v

.3 ‘ ¥ \ - . e
Utility of basic Data Retrieval Program with only

backgraund capability .) . o RATI“G
Utth of ad?ﬁﬁg 'interactive (as we'l'l as back-
ground capabllity RATING

T'he basic data retrieva1 progran cguId also be inter—

- faced to one of the standard packages of statistical.*. ™
~ programs {for gxample, SPSS, or BMD). This would permt -~
~extensive analygls of studenf data and the capability
to.answer Just gbout any question that could be askef
about the data¥collected in the gystem. Some training
TS, howeqer,g?equwed to use these statistica&g?ﬁgages.

' [

)

3
R

N .- -
-
. W
- S
-
. )
~
*
. - -
» . * ?
-
»
'\ -
B he ~ ¢’
» » \
> .
-~ A
» AN M -

R
(3
*y




.
oo -

\ ‘,\\ .INIEQDUQTION*TO~SURVEY5FOBM ANQ&EXPLANATION OF.RAT1N61§GALE o

Do . . -
“. N y ) \\ S e ‘ ’ o .
- - . QPERATIONAL COMPUTER-BASED TRAINING SYSTEM REQUIREMEWS -

A hiéh%yfsophistjéétedgz

tructional

'0f.30% or More in a variely of technical® training areas. As a prototype
 System, however, the AIS provides functions and capabilittes ghat may . .
‘ vnot\befﬁkcessany 1n\thelaperationa1\izaihing“environmentﬁj~T0~?ea]ize” :

‘the fyll potential of computer-gased - \ o
) | nctiong or capabilities will have the highest .§

 payoff for operational trainipgy®d = =~ -~ SO

V Lystems for Air Force training, we -
want-to find out what functiong

-

‘ Yau~havet6eeﬁfﬁelécted t0;5§§tiéipété in.ﬁhis\suﬁvey5t6:detéﬁmjge“'

~ vhat functigns are.most valuable in your training area. Your assistance =
in caréfdlly analyzing the value of various computer-based fungtions is ..

.. extremely important. Your ratings, along with the ratings of the other: . - o
~participants, will be used in defining a Tow-cost computer-managed and .
- -computer-assisted instruction

LMI/CAL) systeni for Afr force training.

~ The following pages describe .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 func®on could accomplish

~ in your partieular area of training. The question you are to answer, -

: of various areas in which the ‘computer could provi

- for each

- \? Reduced administrative load on instructors;

unction, is: .

Y
o3

~"HON MUCH IS THIS FUXCTION WORTH TO MY AREA OF AIR FORCE

Payoff potential can come from any of ‘the folloying:

° Redugéd training ti@e; stﬁﬂehtsréet through faéte?;;

o

.2 Better use of training resources; L e T

\O\Ippfoved\qu§1fix control over students ar materials;

L

~+ Structional materials and reduced development time.

On the followtng pages, there are eight brief gg"%“} ‘gewiptims
e traiping support.

s

. . . "C . . \:‘\q‘;i\a
- bnder each of the general area descriptions, specific areas of

 APPENDIX B L e

o \ prototype computer-based traijnifig system hes
~been developed and impTemented at Lowry AFB. “Th¥s Adyanis
- System, ar AIS, represents,tbe statesofushe-art in<hoth ins
" and, caniputer technology, ang’ has contributed to training time savings

E;Instructinnil\\\

TRAINING?®

\ ¥ LS. iy . o e
o ° Improved management/adminjst%atwon of training; and : Y

\ ) . ) ‘\‘\ ’ . . . : . - \\ ) \.v\ o
w;wg<f9wImprnveg;materialswdeveﬂopmentwprdtassj'resultingw1n¢bet§er e e
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: c@hputérfbaSed\traini. (

- sider how much each of these might be worth to Air Force training in.

b yquffpaftiﬂuiﬁr\area,‘anditO\aSSiQPMaxrﬁxi"95°f= | AU
e . R

R 1= ¥éryxﬁ¥gh\pgyoff}potantial; i

\f \\4\f’§mat]_p§¥6ff'potentiaf;’\;
| . .
.

- computer-based training system for

packet. - - »

N

w

ng functions*are described.- You are asked to con-

KRN
5

»

= High payoff potentiali.
= Moderate Paybff;pdtential;f‘i\

= No pa&off\poténtialz and \\;i\f\ o

Y

= No opiniou‘¥'this;fub%tiuhfs\gfféct§?ﬁoﬂ1d be outSide;mgﬁwg
~'and T cannot estimatefitévpqyofffpotEntial." .
lIf~tﬁére*&re\?unctionéfnr-féatuzysithat should be included ina

m \ your area of Air Force training, and
that are not listed, please déscribe these on the last pageof this \

<

If you are_involved in resident training, then assumg that your area
of training would be self-paced before the computer-based training system

~ is introduced. This is ipportant, because many of the computer -functions \
_could be quite valuable in self-paced training but of little vaJue 'in

\ conventioﬂaT‘Tockstepfgpstructiuﬁ.\\Remember,IaS\yau\a531gﬁTrat ngs;?fhat"i5
. you are tdwqonsider“th@?paybffﬁof‘eath function in self-paced training.

1f you\ﬁaQe\any duest§6ﬁs,\ﬁ1ease asktthe represeRtative conducting

\\\‘\‘ia W
~_this survey. \ o o B ‘\; v

‘u N
N |
’\

P

a% LA o




'« APPENDIX C

- super‘visor fagns.

. FUNCTION

\TL'LISTING oF CAi/CMI Funcrxous IN THE ORDER USED ON_THE sunvav*?oaus wan MEAN
- TECHNICAL TRAINING, AND ESTIMATED SYSTEM IMPACTS (FILE REQUIREMENTS "AND CPU < TIMES).
. | WHICH ARE RECOMMENIED FOR OMISSION #ROM THE LOW-GOST SYSTEM ARE INDICATED IN THE FAR'LEFT COLUMN.

" Items are designated as (I), (S), or blank. The (1) items a
form, (S) items only on the supervisor' farm, and the blank i

»

| / VALUE

JNELINGS FROM RESIDENT

. THE FUNCTIONS

ppeared only on the dnstructor sur‘vey
tems appeared on bothp 1gftructor and

» s 0

FILES

. TEST SCORING AND FEEBBACK .
A% ) IAI’w«RIGH¥-HRONG WITH PERCENT coanscr

anoﬂ I) 1A2  CORRECT SCORE FOR GUESSING

* DROR (1) _IA3: WEIGHT ‘QUESTIONS DIFFERENTIALLY

[ T {1; IAG  PASS CERTAIN PERCENT.OF osqzcrxves
1) 1AS PASS SPECIFIC OBJECTIVES
gN'DROP ~(1) 1A6 PASS SPECIFIC QUESTIONS . «
{ } IA7. SCORE PERFORMANCE CHECKLISTS °
*(I)’ 1A8" INSTRUCTOR CAN CERTIFY LESSON PASS:™

- (S) 13 ADDITIONAL ON-LINE TEST CAPABILITIES

(I) IBT ON-LINE RANDOM: QUESTION ORDERS :
1} 1B2 ON-LINE RANDOM ORDERS OF ALTERNATIVES

¢}~ IB4  ON-LINE, CONSTRUCTED RESPONSES
(1) 1BS ON;LINE, ADAPTIVE WITHIN TEST \ B
DROP 1) IB6 ONaLINE, ADAPTIVE ON couass PERFORMANCE T
92" *

####### I - STUDENT TESTING AND EVALUATION ####### L

o K,S

(NOTE:  IA7 AND 1A8, RATED LOW BUT NEEDED):\ \

IB3 - ON-LINE, RETEST OVER FAILED OBJECTIVES . . . /.5,

omNbww N
C=H3REE

SN

A7 KRS . TOO«MSEC/
T nmmmvnbu

: K'S~ 4+ NN ' :“ t
! . . :

. .‘.

,&,s,T 5 msecssec/ |

STUD NT

\I, K,S,T

‘K S,T \

e \
 CB,COLCT
| CB,CO.CT

Nfsnsa o ceyTiME



\~ . APPENDIX C (CONTINUED) -

‘ FUNCTION \ | \fxleg

NEEDED  CPU TIME

. *

[ NR

| SN il)
NETN 4 -

AR R :

§ Yo

L3 #. »

Ic
IC1
1C2
IC3

- 1c4

503
01

102

PREASSESSRENT DATA CAN BE USED

_RELEVANT AF 'PERSONNEL DATA CAN BE USED

PRE-COURSE KNOWLEDGE TESTS

'LEARNING PROEESS SKILLS

COURSE-SPECIFIC ENTRY SKILLS .

'

 ATTITUDES.AND INTERESTS S

PRE AND POST ATTITUDES

WITHIN COURSE ATTITUDES AND INTERESTS

) [####### 11 - STUDENT ASSIGNMENT ######4
" TIA™ ASSIGN.TO ALTERNATE CEURSE VERSIONS

06

DRGP (1)

fu\)\\\\;
i )
DROP (1)_

a

T ow

~I1B

11871 -
1182

IIB3
1184

118§

e I
2 «DROP (I);

1ICY

1102

11¢3

DETERMINE QRDER OF ASSIGNMENTS
ORDER BASED ON LESSONS COMPLETED
ORDER BASED ON EARLIER PERFORMANCE
URDER BASEB ON RESOUREE AVAILABILITY

ORBER BASED ON TEAM CDNSIDERATIONS

ORBER SELECTED BY INSTRUCTORS
ASSIGNTO*ALTERNATE" LESSON- TREATHENTS ““;ﬁ\\w~w*v
'INSTRUCTOR ASSIGNS ALTERNATES 50

STUDENT SELECTS DESIRED ALTERNATES

 RESOURCES BICTATE ALTERNATE ASSIGNMENT

00 NI QY SN W 1 M
,ESron csﬁgusou~qi’

pos o 2 P fiion il o

e

o EEZ:s’F
-
~= gumrf —

v
3

BATCH |

4 sEC/

¢ @°

= Ll
e

4 -MSEC/

¢

L1

1 MSEC/ -

-

¥ 5
rE
-

3 MSEC/

)N)S :
M,N,S=
3‘MSEC/

TRANSACTION:\ |

< PR - I
L)

TRANSACTION -
TRANSACTION -

: TRANSA‘CTIQN o .

 TRANSACTION - R

’,Q;IH o Jj

L




] . ‘k
e ~ ' APPENDIX € (CONTINUED) 5 | )
. . | | L T 1
- FUNCTION - g j, _ S T+ / VALUE NEEDED CPU TIME
(1) 11c4 In-counss PERFORMANCE'DETERMINES ASSIGNMENT -/ 2.75 H,L,S 3 MSEC/
R . v : ) TRANSACTION
: \ (E)* 11C5- BRE-C COURSE MEA$URES DETERMIME ASSIGNMENT R / 2.84 -H,L,S .
S (1) 1IC6 HEURISTIC RULES FOR ABSIGNMENT SELECTION | : / 3.38  H,L,S
~ .(NOTE: YIC6 IS LOW VALUE, BUT USEFUL) : .
(1) 11C7 PERFORMANCE PREDICTION DETERMINES®ASSIGNMENT / 2.95 H,L,S -
N és)v\lln ASSIGN TO ALTERNATE REMEDIATIONS - Y 2 )
(1) 11DT ASSIGN‘TO ALTERNATE LESSON REMEDIATION . ‘ . / 2.38 " L,N 10 MSEC/
B N : ~ TRANSACTION .
1) 11D2. ASSIGN TO ALTERNATE LESSON GROUPS REMEDIATION \ / 2.45 D,L,M, 10 MSEC/
| ’ | N,S TRANSACTION
(1) 1ID3 ASSIGN TO BLOCK OR COURSE REMEDIATIONS o / 2.53 D,LyM, 10 MSEC/
. e S . S \ N,sf TRANSACTION
- IIE  TESTS SELECTED AND ASSIGNED / 2.86 H,L,S .
(1) ITIEY TEST ASSIGNMENT “AT RANDOM / 2.86 H,L,S .
(1; I1E2 TEST ASSIGNMENT EXCLUDES PREVIOUSLY TAKEN~TESTS /2,52 H,L,S
(I) TIE3 . ASSIGNMENT TO ON-LINE OR OFF-LINE TESTS T/ 2,98 H,L,S.
. TIIF  ASSIGNMENT TO SUPPLEMENTARY SKILL TRAINING ON ENIRY 1 2.28  H,K,S
(I) TIF1 ASSIGN SUPPLEMENTARY TRAINING BASED ON ENTRY SKILLS, cf 2.10 . HXK,S
(I) 1IF2 ASSIGN SUPPLEMENTARY TRAINING BASED ON LEARNING SKILLS / 2.16 . H,K,S.
(I) ' 11G  RESOURCE MANAGEMENT BY COMPUTER - - / 2.48 F,P,S .
- (I)* II1G1 RESOURCES: . ASSIGN TO LEARNING CENTERS / 2.74 P,S 1 MSEC .
(1). I1G2 * RESOURCES: ASSIGN TO OPTIMIZE ACROSS BLOCKS £ 2.98 H§,P,S 1 MSEC
. (I) 1163 RESOURCES: MANAGE OUTSIDE LEARNING CENTER /2.88 F,5 3 MSEC -

-

A

¥
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c | ) APPENDIX C (CONTINUED) . .
| | | | | ~ FILES

FUNCTION ' : ] S / VALUE NEEDED CPU TIME
#444%4% 111 - STUDENT PROGRESS MANAGEMENT ####### | -
IIJA SCHEDULE STUDENT £NTRIES TO COURSE [} /239 PSS
" 1118 GRADUATION FORECASTING . \ ] 2,47 C o
(1), 11181 PREDICTED GRADUATION DATES ON ROSTEY -~ '/ 2.78  C,P,S,H - 3 MSEL/SEC/
- . | "~ OCCURRENCE
- (1), 111B2 GRABUATES N NEXT x DAYS, LISTED ON REPORT . /2.64 C,P,S,H 3 MSEC/SEC/
- S ¢ o \ o OCCURRENCE
" 11183 GRADUATLON REPORTS, FOR csp0< o | "] 2.62 C.P,SW BATCH - :
N I11B4 DIRECT INTERFACE TO PERSONNEL SYSTEM  ~  ~ / 2.51 (NEEDS DEFINITION FROM .
ot S AIR FORCE) .
. DROP \'§~\IIIBS\GRADUATES SCHEDULE OUT*PROCESSIN | ~ \ / 2.58 E,S  BATCH
o+ / ° + TIIC" 'MANAGE STUDENT TO TARGET ‘ . /2.8 H |
™. 7 (1) IIICT MANAGEMENT TARGETS PRINTED FOR WHOLE COURSE S / 2.83 C,H,P,S
.« {I) I1IC2 MANAGEMENT TARGETS PRINTED FOR INDIVIDUAL BLOCKS / 2.89 C,H,P,S
© (1) TIIC3 MANAGEMENT TARGETS BASED ON PRE-COURSE DATA / $.02  C,H,5,4 .
, (1) 1IICA MANAGEMENT TARGETS, FROM WITHIN-COURSE DATA ] 2.69 . C,H,S,W
i (1) 1I1IC5 MANAGEMENT TARGETS RELATIVE TO AVERAGE COURSE LENGTH  / 2.92  C,H.S.W.
“" . DROP (I) II1IC6 MANAGEMENT TARGETS, RELATIVE TO.PGI LENGTHS 72.97  C,H,S,NW
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' . “APPENDIX C (CONTINUED) e
FUNCTION - - | A . / VALUE NEEDED _CPU TIME .
A 1V < . SUPPORT FOR GUIDANCE AND COUNSELING ######f L ‘ : -
IVA - IDENTIFY STUDENTS NEEDING SPECIAL ATTENTION Y,/ 2.30 C,E,P, 5 MSEC/STUDENT
r | ~ S S,V CONSIDERED
(1) VA1 FLAGGED ON . ENTRY. VARTABLES S | 7/ 2.45 C,E,P, . *
. o C S,V .
(1) IvA2 PROFICIENCY AND DE%ICIENCY SCORES PRINTED oo /.2.38  C,E,P, .
t : : . e 20V ~ NI
(I) 1IVA3 SCORES ON CRITICAL\ENTRY VARIABLES PRINTEDx Y 7239 GLEP, : o
(1) IVA4 PREDICTED COMPLETION TIMES PROFICIENCY/DEFIC}PNCY ./ 2.68 C.E,P, P
. | RN ' /}
1B IDENTIFY MARG INAL PERFORMANCE IN COURSE ] 2.32  C,E,P, |
| \ . ‘SL,W
(1) 1vB1 FLAGGED ON TIME AND SCORE VARIABLES - s ] 2.55. C,E;R, Lo .,
2 L : - v \ R | S,W - ' ?
(1) 1VB2 MARGINAL TIMES AND SCORES PRINTED OUT ) / 2.50 C,E,P,
| . - S, W
(I) IVB3 FLAGGED FOR ELIMINATION FROM TRAINING C "/ 2.26  C,E,P/ )
) S ‘ . S, W
(I) 1IvB4 FLAGGED FOR SPECIAL REMEDIAL TRAINING 7/ 2.30 C.E,P,
\ S . \ T ) -~ S,LHW *
’ " .
- !':‘ \ E
' ! ~ - } g
s '}.0*) - " “ 1 Q 1_ -
L4 \\ . - I
@ Y <
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i APPENDIX C (CONTINUED) . \
3 SR . FILES .
FUNCTIUN o \ o : ] VAL‘UE NEEDED jCPU TIME °
R OV - COMPUTER-AIDED INSTRUCTIO (CI\I) ####### " . . i / 5 MSEC}SEC*‘
| ’ . . STUDENT .
VA\Q ﬁAI APPLICATIONS TRAININ TING o / 2.36 P,Q,S, * C
‘ | \ - . ALL CAI
e . Y \ «~ FILES .
(1) val CAI DRILL AND PRACTICE / 2.80 P,Q,S, -
. | L ALL CAI - !
o N - . £ FILES -~
{1) VA2 CAI TUTQRIAL ) \ : . / 2.81 P,Q,S, \
_ . - | ALL CAI )
. o - : | | FILES® |
(I)* VA3  CAI SIMULATION (LIMITED CAPABILITY) - : /'2.87 P,Q,5, e
: ‘ ; ' ‘ - ~ ALL CAI /o
0 R ' S . FILES
(I) VA4 CAl FOR BLOCK 'REVIEH‘ \ . : W/ 2.67 H,KMP, /.
e £ | 0,S,X,ALL /
» - : - - CAI FILES
(I) VA5 CAI PR BLOCK‘REMEDIATIDN C. / 2.47 P,Q,S,
| B R , * ALL CAI
| _ \ . ~FILES
\(I) VA6  CAI FOR TEACHING STUDY SKILLS \ -/ 2.67  P,Q,S5¢.
Coa h . ~ ALL CAI
\ ) ‘ ’ FILES
» ' t : | . *
\\\? ~N ,
¢ r R
102
' N
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.. APPENDIXC (CONTINUED) -

’ A
- %
/8\
.

" FILES

FUNCTION $ / VALUE  NEEDED CPU TIME
VB | CAI CAPABILITTES o / " 5 MSEC/SEC/
SRR .. ~ STUDENT“ON
_ c 0+ cAl 7
~ VBl BASIC CAI CAPABILITiES ‘ / 3.16  ALL FAI-
o | | © FILES
VB2 BASIC CAI PLUS GRAPHIC CAPABILITIES /274 CT
VB3  BASIC CAI,PLUS CONSTROCTED RESPONSE CAPABILITY- . /28 (T
VB4  BASIC CAI' PLUS TOUCH PANEL OR-LIGHT PEN - /2,92,
* VB5  BASIC CAI PLUS CONTROL OF AUDIO TAPE PLAYER ! 2.69
VB6 ‘BASIC CAI PLUS CONTROL OF SLIDE OR FILM PROJECTOR /2784
VBZ . BASIC CAI PLUS INTERFACE WITH THE CMI DATA BASE J 270 s o
. VC_  CAI FOR TRAINING ON LEARNING PROCESSES AND SPECIAL SKILLS / 2.62 -
(1), vq§ CAI FOR STUDENT SKILL TRAINING 7 2.44
(1) V2 CAI FOR INSTRUCTOR SKILL TRAINING - ] 2.49
’ N
A . ¥
| b ‘ ‘\\“
| ) »
. |
) |



APPENDLX C (CONTINUED) L
* | FILES

S\ e | o . . \ .
' FUNCTION »E : , \ \ / VALUE NEEDED CPU TIME
A VI - CMI DATA BASE AND CAI MATERIALS PRODUCTION AND: NTENANCE  #####44>
- VIA" CMI COURS DEFINITION. DATA BASE FDITING R / ‘
.VIA1 ON-LINE I DATA BASE EDITING . . / 2.76 ALL FILES IN
. - t - CMI DATA BASE,
. VIA2 GRAPHICS FOR COURSE STRUQTURE DISPLAY & / 2.65 H.
VIB  AUTOMATIC VALIDATION OF COURSE DATA BASE <ij;f /] 2.27 C,F,H,K,
. . . oK L,M,P,R, |
.S) viIc, EDITORS FOR/”PRODUCING ON-LIN.E TESTS ) \ ' 1232 1,K 15 MSEC/
s ° o —AUTHORG)
(1) vica AUTOMATIC FQEMAT FOR fﬂﬁkY BE,TEST QUESTIONS 2.50 1I,K L
(I) VIC2 RANDOMIZED QUESTIONS AND ALTERNATIVES - 2.50 I,K
(I) VIC3 CONTROL NUMBER OF ATTEMPTS PER QUESTIONS, - 2.55  ALL CAI FILES
(I) YIC4 FEEDBACK FORgRIGHT/WRDNG, IF DESIRED . -2.26~. ALL CAI FILES

/

/

/

/

VID CAI AUTHORING\EDITOR / -, 20 MS/S/AUTHOR

VID1 ,-PROVIDE AUTHORING EDITOR, NOT TEAM WRITING -/ 2.50 ALL CAI FILES

VIDZ AUTHORING EDITOR -FORMATS TEXT FRAMES AND QUESTIONS /-2.48 ALL CAL FILES ;

VID3) AUTHORING EDITOR STRUCTURES SEQUENCE ‘OF FRAMES . / 2.49  ALL CAI FILES

VID4 |, AUTHORING EDITOR COPIES FRAMES FROM OTHER LESSONS . / 2253  ALL CAI FILES -

_~VID5 ~ AUTHORING EDITOR HAS USER "HELP". INSTRUCTIONS . / 2.38 " ALt CAI FILES N

VID6" AUTHORING EDITOR HAS "HELPS" FOR WRITING PRACTICES: ~ / 2.47 . ALL CAT FILES
/
/

. VIE  USE AUTHORING Eﬂ;TOR FOR OFF-LINE MATERIALS - 2.50 CL c0, 20 MS/S{AUTHOR

T
VIE1 USE AUTHORING EDITOR FO& OFF-LINE TESTS 2.58 (CL,Co,
.. ‘ ; \ cT
VIEZ USE AUTHORiNG EDITOR FOR OFF LINE LESSONS /.2.60 CL,CO,
. \ . <« ° ) \ . N CT » + J ]

(
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: "+ . APPENDIX C (CONTINUED)
T . - ~ | . | FILES® T
~ FUNCTION | | / VALUE NEEDED  CPU TIME
© VIE3 * AUTHORING EDITOR TO REVIEW/REVISE OFF-LINE MATERIALS  / 2.51  CL,C0,
o ; T v | e
(VEEA  PRINT MASTER COPY FOR OFF-LINE MATERIALS / 2.35 CL,0,
VIES  PRINT,MULTIPLE COPIES FOR TRYOU / 2.37  CL,C0,
- | | cT
VIE6, ~.CONDUCT ON-LINE TRYOUTS ./ 2.28 ALL.CAI |
~ R = - HLES AR
_VIF USE EDITORS FOR COURSE DOCUMENTATION / 2.18  CL,C0, 15 MSEC/SEG/.
\ | | : | B cT ON-LINE USER
#####4# VIT - INFQRMATION AND REPORTS ####### |
VIIA  REPORTS FOR INSTRUCTORS / 2.32 M,P,S
VIIAl LEARNING CENTER ROSTERS / 2.81 MN,PS.
VIIA2 BLOCK PROGRESS REPORTS /2.25 MS
VIIA2A LESSONS STUDENT HAS COMPLETED: / 2.37 - M,S
VIIA2B ATTEMPTS AND SCORES ON LESSONS | /2.3 M,
VIIA2C OBJECTIVES FAILED IN BLOCK /216 M,S
VIIA2D TIME ON LESSONS AND ON BLOCK /231 MS
VITA2E TIME AHEAD OR BEHIND SCHEDULE /249 MS -
/'2‘-66‘ \\ M)P’S

VIIA2F HOMEWORK ACCOMPLISHED

19
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[ APPENDIX C (CONTINUED) B Ty
e T o | . FILES ) H

L Y . ‘., /VALUE WEEDED Py TIME |

VIIA3 .STUDENT HISTORY REPORTS . / 2.42° M,P,5 ]
- VIIAA ATTITUDE AND INTEREST INFORMATION . * /2.8 wp’s ]

- VIIA3B SCORES ON ENTRY SKILLS - / 2.47 M,P,S ]
VIIA3C TIMES IN BLOCK REMEDIATION | | 7 2.59  M,P,S /
VIIA3D OBJECTIVES FATLED MORE THAN TWICE /2.3 M,P,S N
VITAJE ABSENCE, TIMES AND REASONS, BY BLOCKS # ] 2.62 MP,S | N
VIIA4A ADDITIONAL REPORT: ABSENCE REPORT '/ 2.58 . A,P,S \g
VIIA4B ADDITIONAL REPORT: HOMEWORK SUMMARY /279 - M,P.S I
VIIAAC ADDITIONAL REPORT:. ON-LINE DISPLAY OF S /2.31 M5 3
VIIB  TRAINING MANAGEMENT REPORTS 7 e

S). VIIB1 REPORT, STUDENTS AWAITING TRAINING. : ./, 2.76 E,S \
S) VIIB2 REPORT, STUDENTS BY BLOCK, ROOM, OR BASE * [ 2.63 E,P,S
S) VIIB3 REPORT, DISTRIBUTION OF BLOCK TIMES / 2.70  RDF,V -
{8). VIIB4 REPORT, DISTRIBUTION OF.COURSE TIMES ' / 2.71 ROF.V
S) VIIB5 REPORT, PERFORMANCE BY ROOMS OR BASES 7 2.95 EP,S
S) VIIB6 ' REPORT, RESOURCE UFILIZATION . - - / 2.64 F,p
S) VIIB7 REPORT, INSTRUCTOR UTILIZATION/PERFORMANCE: 7 2.54 F.R ;.
S) NIIB8 REPORT, STUDENT TIMES AND GRADES BY BLOCKS / 2.60 RDF,V
- ’ | | | | u\} \ -\\ e j
' : N ‘
‘ R




APPENDIX ¢ {CONTINUED)

- 3

" . .~ FILES, .
FUNCTION 3 / VALUE HEEDED CPU TIME
'S) VIIC . COURSE EVALUATION SUMMARY * ] 252 1
’S) VIIC1 FIRST ATTEMPT TIMES AND SCORES / 2.62 1 |
/S} VIIC2 FINAL TIMES AND SCORES R /253 T T
's) VIIC3. MEAN,.SD, FIRST ATTEMPT TIMES AND SCORE§ - L1296 I,
'S) VIICA MEAN, SD, FINAL LESSON AND BLOCK SCOREY. / 2.93 1 .
IS)" VIICS MEAN, SD, FIRST ATTEMPT.LESSON AND BLOCK TIMES 7294 1-
b5) VIIC6 MEAN, SD, LESSON AND BLOCK COMPLETION TIMES v/ 2.89 2
{S). VIIC7 SCORE AND TIME DATA BY LESSON ALTERNATES /2.88 1
’S)" VIIC8 SCORE DATA BY OBJECTIVES IN LESSONS [ 2.68 1. 5 -
IS) VIICY FIRST ATTEMPT LESSON FAIL RATES sl 70 T
') WVIIC1Q FIRST_ATTEMPT OBJECTIVE FAIL RATES - . 26 1
'S} VIIC11 TORRELATIONS OF ACTUAL WITH PREDICTED TIME AND SCORE / 2.80 I ¢
'e) VIIC12 SUMMARY, FAIL°RATES ABOVE "X PERCENT - J272 1
') VIID  TEST ITEM EVALUATION REPORT . / 2.23 1
'$)VIIDY TIMES. EACH ALTERNATIVE IS SELECTED . / 2.21 1
'S) VIID2 TIMES, EACH QUESTION IS ANSWERED CORRECTLY ¥ 2.20 1L
'S) VIID3, FOR ALTERWATIVES, AVERAGE TEST SCORE . /2.4 T
’S) VIIDA" FLAG ALTERWATIVES MISSED BY X% OR MORE e/ 207 T .
*$) 'VIID5 ITEM REMAINDER CORRELATIONS : | 250 7
'S) _VIID6 MEAN AND SD OF SCORES BY OBJECTIVE AND-TEST j2.57. 1
’S) "VIID7. DISTRIBUTIONS OF SCORES ON TESTS - i . 239 1. 8.
'S) ViID8 ~ ALPHA RELIABILITIES FOR OBJECTIVES ARD—FESTS 125 L o
’S) VIID9 RELIABILITY COEFFICIENTS FOR OBJECTIVES AND‘T%;J!!' 1 2.80 I -
~ VIFE  CAI EVALUATION DATA | o e
's) VIIEl CAI, ,PERCEN} SELECTING QUESTION ALTERNATIVES N A CRP,CB, |
o C -.%-  cp,CL, 0 v
‘S) VIIE2 CAI, PERCENT SELECTING BY ATTEMPT NUMBER / 2.70 - CRP,CB, -
: . o - ¢b,CL,Co
¢t &

197
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APPENDIX C-(CONTINUED)

FILES

" FUNCTION .>>*¢~2\ e I et~/ VALUE NEEDED CPU TIME
() VIIEB CAI TIMES T0 READ AND 70 RESPOND R S '/ 2.88 .€RP,CB, "
. - SN 1 1 o s I
S syt VIIE4 CAI LIST‘UNANTICIPATED RESPONSES# / 2.81 " CRP,CB, ~ .\ |
Tl _ © . CByGL,CO »
e (s) vms Scm ;,OPEN-ENDED STUDENT COMMENTS }9& » - /2.8 (CB;CC,CD,
T AR S CGLLT T
g (s) vxlzs‘ilfx RECORD STUDENT PATH THROUGH LESSON - /°2.70 _ CRP,CB,
CON \ St T CD,EL,Co
T (ST~WHE? TAT, STATTSTTCS ON MAJOR UNITS. oF PROGRAM 5 / 2.65. CRP,CB, .
?(s) VIIF - COURSENARE DEVELOPMENT MANAGEMENT REPORT§ /269 . S
5 ; 3%116 " PERFORMANCE FORECAST REPORTS T0 FIELD s lamn s 3
2 brop IT1G1 PRE-SERVICE EDUCATION, VOCATIONAL TRAINING - - /2.8 S .
. DROP (S) VIIG2 PRE-SERVICE QCGURATION, QB EXPERIENGE .. .. / 2.92 s,
DROP- (S) VIIG3 AF PERSONNEL RELORDS AND DATA - ASVAE, ‘tTc L /2.93 S
(S) .YIIG4 IN-SERVICE TRAINING PERFORMANCE DATA Tt 28T s -
DROP (S} . VIIG5 SPECIALTY-RELATED DEFICIENCIES . =~ = . w272 s .
DROP (S) "VIIG6 PREDICT PERFORMANCE.IN FIELD ASSLGNMENT /2.92 s :
| " VIIH  SPECIAL PURPQSE REPORTS - : | B R
~ DROP (S) VIIHI SPECIAL REPORTS = BASIC DATA RETRIEVAL, BACKGROUND ./ 2.99  B.V,RDF '
DROP (S) VIIH2 SPECIAL REPORTS - INTERACTIVE RETRIEVAL .- : / 2.83  B,V,RDF B |
) (s) _VIIHB,\SPECIAL REPORTS - RETRIEVAL WITH STATISTICS . / 2.74 . B,V,RDF 20 NSEC/SEC/
| . SN ol Lo ~+ ON-LINE USER
a .JINTERACTIVE FROM DISC s B,¥,RBF -
\ +.BATCH ONLY ON-SHIFT ‘ _B,V,ROF
N ++ «BATCH ONLY OFF-SHIFT . 'B,V,RDF - ° -
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;/ : - o . APPENDIX C (CONTINUED) >
' Abbreviations: cv = course version \ : . LC =\learning center - .
| \ . s = student . - .+« L =lesson ; . - )
b = block ) o M = module .
. . | g = group {group or block) - . S .
. o e 3 v
N A | CAI RECORDS- - ,
e e S . Max., Size L A
R File ) Number of Records \ ~ (Words)  Size (ff variable lengthj)
CL CAI lesson record” -  1/module with CAI S 257 57+ # of hwghest obj é£t1ve X 2)
‘ CO  CAI objective record ' 1/objective 623 23 + (# of frames x 63 :
R CB  Branching record. - 1/objective that has.. - 1012 12 + (# of branches) o
\ \ S branching (some branch- . : E i T T

= ing instructions . /o
= " require 3 words) . 7

CT . Text.record,-type 1 \\1/text frame . 504 4 + text buffer Jﬁverage Iength

\ . . - 25 words /
type 2 ‘1/text\frame o 506 6 + text buffer” average length

- \ ‘ ' o - \ 50 words |

CRP Response point record 1/student response T 40 16 + (# of unaqtﬁc:pated responses )

CD Decision point record 1/decision poipt passed : 35 - 15 + (# of decigions/frame x 2)

CC  Comment record 1/comment recorded 512 12 + buffer, avérage 30 words -

CSL" Restart record . - 1/student taking CAI'lesson. 64

- CSR Restart record - 1/student in CAI review/ = 270 " 65+ gf# of obfectzVes +4)/5)

- . remediation +

: . . . . .
- N B
' . ] . ) * N . . - }, R LY

- N
N \ .
;f > X . \ R » = >
W N N - - . .
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APPENDIX C (CONCLUDED)

i

f {
i,

i

i

. : . ' | Max. Size | - .
. File Number of Records . (Words) §ﬁze (1f variab]e length)
A  Absence 1/s/b if absent in block’ 511 ﬁl + (# of absences x_z) !
-~ B~ Block - \ 1/s/b completed this week b i Y ]
+C  Course -~ ey v 606 t . .
D  Student Data Profile, ‘.1/5 using file { ) )
¥ " hist of lessons to do . \ te ‘
- E--° Course Enrolliment 1/5 < . "1 P ’ ) b
F Class {Facility) 2/L.C 242 i 2+ (4 x last type defined) . 7 1
H  Hierarchy of Course /9 "288-. !166’+ (3 » # of nodes) o
T« Ttem Record.(gﬂ\llff”’)f’ s ‘ a . [
- testing) —~—— . ‘ .0 ‘ ’ !
v K Test Key \ 1/test 254 7 + # of subscales + # of Ttems ;
‘ . . in each subscale ;
L Lesson /L o~ 14 ,
g M Mbdulg Completion 1/s/started Block \ 508 88 + {3 x # of transact10ns) .
Recor : o
N  Module /m ° e \ 222 206 + # of resources
WP Learn1nq Center 1/LC/shif N 155 h . :
Q - Queue” 366 - 509 : N N A .
R Resource Type Desciip. 1 ) ; © 80 \ < é;ﬁ\x ’ ‘
S Student Status /s ' 452 422 + # of reSources - e
T Testing Record - 1/s tak1ng test 260 11 +%_of items answered ‘
v Variables Def1n1t1ons 1/variable 13 o
W Calendar Vev - . 288
X Resources Cross-Ref- t/b 156 ;
erence \ \ B
Z CMI ) 1/transaction ~ 29 o -t .
RDF Recent Data File 688 . 6100 + # of highest»*%éson taken

406/b/course

»
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ORDERéD LISTING OE--CAI/CMI FUNéTIONS,:ACCORDING TO AVERAGE RATING FROM ATC RESIDENT TECHN

PARTICIPANTS, WITH DISTRIBUTIONS OF RATING RESPONSES'AND PROPORTIONS OF HIGH (1 AND 2) RATINGS

APPENDIX D

4

)

Ttems are designated as (I), (S), or blank.v The {1) items appeared.only on the\iﬁstructot}

' survey form, the (S) items:oply on the supervisor form,

both thé instructor and supervisor fowms.: |

and the blank items appeared on

RAL TRAINING

~+ NOTE: These means were deriwed by avé?aqing all of the individual responses, and are
. ~N “herefore somewhat different from the Appendix C means, which were derived by
. averaging the group averages. T g . ' & T .
- ' S T s - FREQUENCIES, CATEGORIES - PROPORTION
.. o7 { . 1 -5ANDX . WOF 1 &2
ITRM 7 " 7 ’ ‘ \ T 2 3 4 .st*fi’ MEAN  RATINGS
+(S) VI}D4 FLAG ALTERNATIVES MISSED BY X% OR MORE “/43 43 28 ‘10 1. 5 2.06 69§
1A TEST SCORING AND FEEDBACK ‘ /8 81 § 21 7 17 2.13. .67 )
_%/v(l) 1IF1 ASSIGN SUPPLEMENTARY TRNG BASED ON ENTRY SKILLS /50-36° 26 7 .10 9 2,15 . .67
S VIIA2C OBJECTIVES FAILED IN BLOCK T /76 91 59 19 .9 13 2,19 ° .66
(§) VIID2 -TIMES EACH QUESTION IS ANSWERED CORRECTL /35 45.33 10 2 5 2.19 .64
(r) 'IAY RIGHT-WRONG WITH PERCENT CORRECT ' - / 46 3031 1 5 13 2.19 ,, .61
(I) 1IF2 _ ASSIGN SUPPL, TRNG BASED ON LEARNING SKILLS /47 35 2 8 11 31 2.21 .65
(s) . 1B ADD'L ON-LINE TEST CAPABILITIES /36 44 32 12 2 4 2.21+ .63
“(S) VIID TEST ITEM EVALUATION REPORT /24 35335 1.32 2.2 .60
(1) "vica FEEDBACK FOR RIGHT/WRONG, AS SELECTED - /36 40 23 10 7 21 2,24 66
« VIF USE EDITORS FOR COURSE DOCUMENTATIOR /77 66 48 19 16 41 2,25 = .63
(S) VIID1 . TIMES EACH ALTERNATIVE IS SELECTED /33 43 34 11 . 3 5 2.26 .62
'VFIA2 BLOCK PROGRESS REPORTS ~ s 472 70..78 17 10 20 2.28 .57
~ IIF » ASSIGN TO SUPPL. SKILL TRAINING ON ENTRY /73 83 53 24 16 18 2.31 .63
"(I) IAS  PASS SPECIFIC-OBJECTIVES * /] 42 34 27 12 10 12 2.3} .61
~ 'VIB . AUTOMATIC VALIDATION OF COURSE DATA BASE / 61 84 57 22 12 31 2.32 .61
VIE6 CONDUCT ON-LINE TRYOQUTS / 63 80 61 22 11 30 2.32 .60
VIIA4C ADD'L REPORT: ON-LINE DISPLAY OF STUDENT DATA /75 76 64 25 15 12 2.33 .59
. *  VIIAZD - TIMES ON LESSONS AND-BLOCKS . - = \ /68 78 73 28 8 12 2.33 w57
L : SR o ce .
- N\ . ‘
; .

-
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APPENDIX D (CONTINUED)

o FREQUENCIES CATEGORIES PROPORTION
L - 1 -.5 AND¥X - OF1 &2
ITEM .. T 2 3 & 5 X MEAN RATINGS

f ~VIIA  REPORTS FOR BNSTRUCTORS /% 70 82 18 11 19 .2.34 .55
(I) IC3 ~ LEARNING PROCESS SKILLS ' /37 39°31 1010 JO0 2.35 .60

* (S} VIID9 RELIRBILITY COEFFIC. FOR OBJECTIVES AND TESTS /27 37 36-. 9 4 17 2.35 57
(S) VIID7  DISTRIBUTIONS OF SCORES ON TESTS /26 43 45 8 .3 5 2.35 .55

(I)* IID1 - ASSIGN TO ALTERNATE LESSON REMEDIATION w7 33 41 32 6 11 14 2.36 . .60 °

~ VIIA3D OBJECTIVES FAILED MORE.THAN TWICE ~ /70 82 58 27 16 14 2.36 .60

IVA | IDENTIFY STUDENTS NEEDING SPECIAL ATTENTION / 64 84.-56 34 11 19°:2.37 .60,

» IVB IDENTIFY MARGINAL PERFORMANCE IN COURSE / 61 91 58,29 13 15¢2.37 .60
‘(1) 1vB3 . FLAGGED FOR ELIMINATION FROM TRAINING /38 38 28 "12° 11 10 2.37 . .60

1) IVB4  FLAGGED FOR SPECIAL REMEDIAL TRAINING /33 41 32 10 9 12 2.37 .59

. (S) VIC - EDITORS .FOR PRODUCING ON-LINE TESTS . /2247 39 11 2 9 2.37 .57

= (I). 1C2 PRE-COURSE KNOWLEDGE TESTING \ £ /34 38 37 12 7 9 2.38 .56
4 VIIA2A LESSONS STUDENT HAS COMPLETED = + /67 77 @4 34 '12 13 2.40 .57
)i VIE4 PRINT MASTER COPY FOR OFF-LINE MATERIALS /60 76 64 22 16 29 2.40 . .57
s - VIES PRINT MULTIPLE COPIES FOR TRYOUTS - / 66 66 656 26 .15 29 2.40 .55.
| VIIA2B ATTEMPTS AND SCORES ON LESSONS /63 8 60 33 14 12 2.41 .58

(1) 1c4 COURSE-SPECIFIC ENTRY SKILLS /3 35 34 12 10 10 2.4 .56

(1y 181 ON-LINE®WITH RANDOM QUESTION ORDERS /37 30 35 10 1T 14 2.4 .54

IIIA SCHEDULE S NT ENRTRIES TO COURSE ‘ ./ 68.77 50 22 25.25 2.42 .60

~ VIDS CAI AUTHOR WES "HELP" FRAMES WITH' EDITORS /44 85 54 23 12 49 2.42 - .59
| %I} IB2 ON-LINE, RANDOM ORDERS FOR ALTERNATIVES =~ /36 30 36 11 10 14 2.42 .54
(1) 1ID2  ASSIGN TO ALT. LESSON GROUPS REMEDIATION /32 39 29 10 12 15 2.43 .+58

- VA 'CAI APPLICATIONS, TRAINING AND TESTING / 55 73 65,28 13 36 2.43 .55 .
VITIA1  LEARNING CENTER ROSTERS NS /72 60 72-36 12 15 2.43 .52

il) 1A4 PASS CERTAIN PERCENT OF OBJECTIVES /36 35 33 11 13 9 2.45 . .55

(S) VIID3  FOR ALTERNATIVES,. AVERAGE TEST SCORES . /26 38 40 17 3 6 2.46 .52

* VIIA3  STUDENT HISTORY REPORTS /83 70 76 27 12 29 2,47 .52

(1) IIE2-  TEST ASSIGN, EXCLUDES PREVIOUSLY TAKEN VERSIONS / 34 37 22 12 15 17 2.48 .59

\r B \ ) s
l'F -
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" ApPENDIX DACTONTINUED) ~ % :
L o | | 'FREQUENCIES, CATEGORIES PROPORTION
. . - . . \ | . -5 AND-X OF1 &2
LM a o | T, 23 4 5 X MEAN . -RATINGS®
()" IVAZ® _PROFIC. AND DEFIC. SCORES PRINTED ouT A Wm0 13 248 5
"" VIIA38 ®SCORES O -ENTRY SKILLS AR 2 12 249 - .53
(1) IVA3 " SCORES ON CRITICAL ENTRY VARIABLES PRINTED OUT /32 1 37 14 9 14 2.49 . .51
. (S) VIIEI* ' CAI, $ELECTING EACH ALTERNATIVE / 20 42 1 8 2.50  -.51°
. (1) 1C1 . RELEVANT AF PERSONNEL DATA .. .732 32 4114 29 972,50 . .50
(1), VIC2  RANDOMIZED QUESTIONS AND ALTERNATIVES . ~* /23 42 27 14 '9 22 2,51 .57
"7 IIIB GRADUATION FOREGASTING /57771 54 28 22 35 2.51 .55
,  VIDZ CAI AUTH., FORMATS TEXT FRAMES ANS QUESTIONS .. / 41 74. 58.28, 12 54 2.51 .54
(1) VCI  CAL: STUDENT SKILL TRAI | © /24 38 32 1577 21 2.51 .53
©© - (I) VIC1. AUTOMATIC FORMAT FOR TES) QUESTION ENTRY = /22 36 37 11 .7 24 2.51 . .51
. {I) VA5 °  CAF FOR BLOCK REMEDIATI | 732 33 22 17 12 21 2.52 .5

VID4 CAI AUTH., COPIES FRAMES FROh OTHER LESSONS /38 80 64 27 12-46 2.52 . .53
\\5{\ VID3 CAI AUTH., STRUCTURES SEQUENCE OF FRAMES /39 70 66 27 10 55 2.52 51
i VIDI HORING EDITOR, NOT TEAM WRITING \ /40 72 65 .23 14 53 2.53 .. .52

(S) VvIIB7 » INSTRUCTOR UTILIZATION AND PERFORMANCE / 24 40 36 16 7 7 2,53 .52
. VIIAZE ME AHEAD OR BEHIND SCHEDULE /58 72 74 32 18 13. 2.53 .51
: IC EASSESSMENT DATA CAN BE USED, \ /5 66 75 26 19 25 2.53 .50
(I) 1ID3 SIGN TO BLOCK AND COURSE REMEDIATIONS N /32 36 28 r8 18 15 2.54 .56
(1) 1vAal FNAGGED ON ENTRY VARIABLES ‘ \ /28 39 28 18 10 14 2.54 .54
) (Sy VIIDS TYEM REMAINDER CORRELATIONS ° /20 34 42 15 3 16 2.54
(S) VIID8 ALPHA RELIABILITIES FOR OBJECTIVES AND TESTS /23 27 40 13 5 22.-2.54
) VID6 CAI AUTH., "HELPS" FOR WRITING PRACTICES ./ 44 75 50 33 16 49 2.55 .55
S (S) VIIB8 . REPORT, STU ENT TIMES AND GRADES BY BLOCKS /22 40 33°18 6 11 2.55 = .52
~ . +{S) VIIC  COURSE E ATION SUMMARY /19 38 43 8 8 14 2.55
. (S) VIID6 MEAN AND SD OF SCORES BY OBJECTIVE AND TEST /22 35 4 14 5 8 2.5 °, =
" 11184 * DIRECT INTERFACE TO CBPQO COMPUTER * / 54 6% 43 40 19 42 2.56 N1 .
(I} 1IB3 ' ORDER BASED ON RESOURCE AVAILABILITY - /28 38 30 19 10 12 2.56 - .53
(1) vcz . CAL: INSTRUCTQR SKILL TRAINING /26 36 29. 158 11 20 2.56 . .53
o R AITIank in this column indicates that less than hd1f of the partzcwpants \ :

;j/‘ vat1ng an 1tem ass1§ned a.rating of 1 or 2

. . . .
N .
’ D . . '
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: APPENDIX D (CONTINUED) - T o ;

\ "« . FREQUENCIES, CATEGORIES -  PROPORTION

' L S 1 -5AND X COF 1.8 2

B R ‘ R , T2 374 5 X "MEAN  RATINGS*

- VIE3 © CAI AUTH.,) USE TO REVIEW/REVISE OFF-LINE t_wr LS/ 40 84 63 26 19 35 2.57 .53"

_ {I) 1IvB2.  MARGINAL TIMES AND SCORES PRINTED OUT /31 31 35 .14 13 13 2.57 - .50 \
- VIE- CAI' AUTH., USE_FOR-OFF-LINE MATERIALS /82 69 68.29 14 45 2.57 50 -
\ 1IB . DETERMINE" ORDER OF ASSIGNMENTS ./” /42 79 80 26 17 23 2.58 -
(I) TIG  RESOURCE MANAGEMENT BY COMPUTER ~ /2 31 40 11 11 1B 2.58 . - e
\%l;. VIC3 "~ CONTROL "NO. OF ATTEMRTS PER QUESTION - /23 35 3113 11 24 2,59 .51 . \
| S) VIIC2Z FINAL'TIMES AND SCORES \ J16 47 40 14 7 6 2.59 .51
\ (S) MIIB6 REPORT, RESOURCE UTILIZATION /25,32 41 19 7" 6 2.60 \
(1) 1181 ORDER BASED  ON LESSONS COMPLETED /30 30 41 12 14 10 2.61 - ‘
- (S) 1ID ASSIGN TO ALTERNATE ‘REMEDIATIONS /18 42 36 17 7 10 2.61 .50 -
- VIIA3C T MES'IN BLOCK REMEDIATION /53 64 82 42 14 12 2.61 \
= VIIA4A ~ADD'L REPORT: ABSENCE REPORT . /59 69 65 3¢ 27 13 2.61 .50
@ (S) VIIE7 CAI STAT. ON MAJOR UNITS OF A ,PROGRAM /-21 27 5% 14 4 8 2.6] ~
(Iy 1vel FLAGGED ON TIME AND SCQRE VARIABLES /25 33 .42 *15 10 12. 2.62
\ VIIASE ABSENCE TIMES AND REASONS, BY BLOCKS /53 67 74 35 23 15 2.63 - o
(S) VIIB2 REPORT, STUDENTS BY BLOCK, ROOM,.OR BASE: /20 43 36 17 10 4 2.63 + .50 4~
VIE1 CAl AUTH., FOR OFF-LINE TESTS : / 36 84 63 27 23 34 2.64 .52
(1) 11B2 ORDER BASED ON EARLIER PERFORMANCE -/ 28 36 38 11 15 13 2
ITIB5  GRADUATES: SCHEDULE QUT-PROCESSING / 53 58 55 34 26 41 )°%%5
(I) VA6  CAI FOR TEACHING STUDY SKILLS - /-26 31 28 19 12 2y 2.66
VIE2 CAI AUTH., FOR ‘OFF-LINE LESSONS® . /36 82 60. 30 23 3p 2.66 .51
(I) IA3:  WEIGHT: QUESTIONS DIFFERENTIALLY /22 41 34 8 18 13 2:67 ) .51
\ ‘ IITR3  GRADUATION REPORTS TO CBPO o /51 61 53.38 25 39 2.67
. ~ VC CAI: LEARNING PROCESS SPECIAL SKILLS TRNG o 43 62 75 .34 19 34 2.67
S “ VIA2 GRAPHICS FOR quISE STRUCTURE DISPLAY '/ 4 53 76" 36 16 .4 2.67
\ - VIIA2F HOMEWORK ACCOMPLISHED , . = . St/ 54 59 77 39 22 16 2.67
- ID ATTITUDES AND INTERESTS . . . - / 47 58 79 38 .18 27 2.68
a * A blank in this column indicates that less than half of ’ K*l'g
the part1cipants rating-an 1tem assigned a rating of T or 2, T
i , .
i * ( )




| APPENDIX D (CONTINUED) ~ R
. | | o i FREQUENCIES CATEGORIES ~PROPORTION -

e S B T 0, 1 -5ANDX . OF 1 &2
~ITEM s | o T 2 3 4 5 X MEAN RATINGS™
(S;~ VIIC1. FIRST ATTEMPT TIMES AND SCORES £ 15 °39 47 158 6 '2.69
(S) VIICIO FIRST ATTEMPT OBJECTIVE FAIL RATES® . /21 26 52 16 7 8 2.69
(I) VA4 CAT FOR:<BLOCK REVIEW \ -/ 23 30 34 17 12 21 2.70
{S) VIIC8 SCORE DATA BY OBJECTIVES IN LESSONS /20 28 51 17 7 7 2.70
{S) VIIC9 FIRST ATTEMPT LESSON FAIL RATES " -/ 20027 &1 17 7 8 2.70
) IIC  ASSIGN TO ALTERNATE LESSONS Lo /38 76. 67 34 28 28 2.H
(1) -11IB2 REPORT: GRADUATES IN NEXT N. DAYS ./ 25 33 26017 16 20 2.71
~(S) VILB3 REPORT: DISTRIBUTIONS OF BLOCK TIMES /18 28 52 22 "3 7 2.1
(S)" VIIH3 BASIC DATA: RETRIEVAL PLUS STATISTICS /13 .27 4 13 5 28 -2.71
(S} VIIBA REPORT: DISTRIBUTIONS OF COURSE TIMES /17 .3 41 25 5 7 2.72
(S) VIIGS SPECIACTY-RELATED DERICIENCIES ~ / 20, 30 42 19 9 10 2.73
(1) 1VA4 PREDICTED COMPLETION TIMES, PROFIC/DEFIC /19 .3 41,19 10 16 2.74
S - VB7  CAI: INTERFACE WITH CMI DATA "BASE /43 59 65 40 23 37 .2.74
'~ (S) VIIH2 BASIC DATA RETRIEVAL, INTERACTIVE / 9 30 48 13 -4 26 2.74
“(I) TIG1  RESOWRCE MGMT: ASSIENMENT TO- LEARNING CENTiRS /22 27 45-16 12 15 2.75 "
o (S) VIIGI2' SUMMARY, FAIL RATE ABOVE X PERCENT /18- 29 52 1. 12 8 2.75 —
E . (S) VIIE6 CAI, RECORD STUDENT PATH THROUGH LESSON /17 29 47 21 6 10 2.75 :
\ {1) 11C4 IN-COURSE PERFORMANCE DETERMINES ASSIGNMENT - /28 28 31 17.19'14 "% .
3 {S) VIIE2 CAI, SELECTING. BY ATTEMPT -NUMBER ot 2 WA16 32 47 21 67 9 2.76 ¢
- VB2 CAI, ADD GRAPHICS CAPABILITIES \ ) /39 71 63 37 29 28 2.77
D VB6 - \CAI) CONTROL OF SLADE, FILM PROJECTOR ~ / 45 60 64 45 25 28 2,77
: - (S) VIEBY REPORT, STUDENTS AWAITING TRAINING /21 3V 41 20 12 5 2.77
- {S) VIIG PERFORMANCE FORECAST REPORTS TO FIELD /20 28 43 22 9 8 2.77
S (1) TI1IIC4 MANAGEMENT TARGETS FROM WITHIN-COURSE DATA /21 26 38 18 12 23 2.78
_ ?I) 11B4 . ORDER BASED ON TEAMING CONSIDERATIONS /21 34 24 14 19 25 2.719
{I) va2 - CAYL TUTORIAL . /26 22 28 22°14 25 2.79
A S * A blank in th1s column~ fnd1qates that 1ess than half of the \ d
IS ‘ \participants rating au 1tem assigned a rating of 1 or 2.
S o -
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APPENDIX D (CONTINUED) * e

S - S ; FREQUENCIES CATEGORIES ~ ¥ PROPORTION
i \ R o N -1-5ADX . OFl&2.

ITEM . e, B : - : T2 3 & 5 X MEAN = RATINGS*
\ 3 3 1 - - N - a - - - . - o
‘ VB5  CAI, CONTROL OF AUDIOTAPE PLAYER | -/ 41 59 66 41 26 34 2.79,
VIA1.  ON- LINE CMI DATA BASE EDITING g /36 4 66 39 18 62 2.79 .
\ VIIA4B ADD'L REPQRT: HOMEWORK SUMMARY ~ ) /44 57 87 36 28 15 2.79
{S) VIIF  COURSEWARE DEVELOPMENT MANAGEMENT RE&ORTS /17027 47 18 9 12 2.79
w(I) 110 INSTRUCTOR .-ASSIGNS ALTERNATES - \ /15 39 36 21 12 14 2.80
1) IIIB1  PREDICTED GRADUATION DATES ON ROSTERS . /.23 31730 14 20 19. 2,81
- (1) I PRE "AND POST" ATTITUDES » /22 28 38 24 13 .12 2.82
N VIIA3A ATTITUDE AND INTEREST INFORMATION * /43 59 78 45 27 15 2.82
\ ITA ASSIGN TO ALTERNATE COURSE VERSIONS ' /40 63- 66 33 35 30 2.83
(I) IIC5  PRE-COURSE MEASURES DETERMINE ASSIGNMENTS:\. /23 28 37 14 20 15 2.84 i .
(I) 184 ON-LINE, CONSTRUCTED RESPONSES /29 21 29 16 23 19 2.85 - ‘
- (1) 1I1c3 RESOURCES DICTATE ALTERNATE "ASSIGNMENTS /23 25 39 19 17 14 2.85
Q (S) VIIEA CAI, LISF UNANTICIPATED RESPONSES - /13 27 5% 20 8 11 2.85
(S) VIIES ‘CAI, OPEN-ENDED STUDENT COMMENTS /13 27 85 17 9, 9 2.85
25; VIIGT  PRE-SERVICE EDUCATION OR VOCATIONAL TRNG /14 32 45 26 8 5 2,85 "°
1) 1Ib2 WITHIN-COURSE ATTITUDES AND INTERESTS /23 26 40 19 18 11 2.87
‘ IIE -TESTS SELECTED AND ASSIGNED - e / 35 55 84 39 27 27 2.87
{1} IIEl  TEST-ASSIGNMENT AT RANDOM - “ /20 36 29°18 21. 13 2.87
IIIC  MANAGE STUDENTTO TARGET . /27 66 90 32 28 24 2.87 .
(S) VIIGA  IN-SERVICE TRAINING PERFORMANCE DATA /15 26 45 26 7 11 2.87
(I) VAl CAI DRILL AND PRACTICE . /*23 23 26 16 20 29 2.88
- VB3 CAI, ADD CONSTRUCTED RESPONSES ./ 33. 60 70 43 27 34 2.88
- {s) vien CORRELATIONS ACTUAL. WITH PREDICTED TIME, SCORE /15 23 58 15 12 7 2.89
(S) VIIG3. AF PERSONNEL DATA - ASVAB, ETC. /17 32 39 18 17 7 2.89
(Ig VA3 CAI SIMULATION a /23 1925 23 16 31 2.91
(S) VIIE3 CAI, TIMES TO READ AND TO RESPOND e /11 27 49 26 6 11 2.9
1) a1 MANAGEIENT TARGETS PRINTED FOR ENTIRE COURSE /18 27,37 21 16 18 2,92
’ “ * A blank in this column indicates that less ‘than half of the- | x
partwc:pants rating an 1tem assigned a rating of 1 or 2. N ~ ,I
5 ‘
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APPENDIX D {CONCLUDED) : ’ f
\ ‘ e . FREQUENCIES, CATEGORIES ~ PROPORTION
N o . - R 1 -5ANDX -~ OF1&2 -
_ ITEM o . o *; \ 1 2 3 4 5 X 'MEAN RATINGS*
Sy VIIC6 MEAN, SD FOR LESSON & BLOCK COMPLET TIHES '/ 13 29.-43 25 10 10 2.92
' Sg VIIG2 PRE-SERVICE OCCUPATION & JOB EXPERIENCE /16 28 44 26 12 4-2.92
. {I) 1IBS ON-LINE, ‘ADAPTIVE WITHIN TEST \ /21 28 30 14 24 20 2.93.
(S) VIIH1  BASIC DATA RETRIEVAL, BACKGROUND MODE / 7324 48 19° 6 26 2.93
“ (I) 1163 ~ NANAGE RESOURCES ACROSS LEARNING :CENTERS /16 -26 39 15 19 22 2.95 -
(S) VIIC4 MEAN, SD FOR FINAL LESSON AND BLOCK SCORES /*12 27 47 25 10 9 2.95
(S) VIIC5  MEAN, SD FOR 1ST ATTEMPT-LESSON,, BLOCK SCORES / 12 26 48 24 10 10 2.95 v
\ VB4~ CAI, ADD TOUCH PANEL OR LIGHT PEN . / 31 57 53 51 30 45 2.96 -
(S) VIIC3  MEAN, SD, 1ST ATTEMPT TIMES AND SCORES J 12 23 52 24 9 10 2.9
s (1) 11Cc7 ¢ PERFORMANCE PREDICTION DETERMINES ASSIGNMEN#S /18 24 37 20 18 20 2.97
(1) T11IC2 MGMT. TARGETS PRINTED FOR INDIVIDUAL BLOCKS /19 18 42 20 16 22 2.97 »
" {S) 'VIIC7 SCORE AND TIME DATA BY LESSON»ALTERNATES J 13 20 57 18 12 10 2.97
_, (1) 11BS ORDER SELECTED BY INSTRUCTOR 713 34 37 15 21 17 2.98
S (S) VvIIG6  PREDIGT ADAPT, PERFORMANCE IN FIELD ASSIGNMENT / 17 22* 45 21 16 9 2.98
(I) 1162 . RESOURCES: ASSIGN TO OPTIMIZE ACROSS BLOCKS /15°28. 40 23 18 13 3.01 .
(1) 1IE3 ASSIGNMENT TO ON- OR OFF-LINE TESTS /19 19 37 25 17 20 3.02-
v+ (1) IIIC5 MGMT. TARGETS, RELATIVE TO AVERAGE CRSE LENGTH J 15 18 43 20 15 26 3.02
(6) VIIBS  REPORT PERFORMANCES BY ROOMS OR BY BASES™ -~ /] 14 25 .40 28 14 9 3,02
(1) .1B3 ON-LINE, RETEST OVER FAILED OBJECTIVES /25 25 25 17 31 14 3.03
- (1) I1IC6  MGMT. TARGETS, RELATIVE TO PO} LENGTH /14 13 45 26 10 29 3.05
(1) IB6-  ON-LINE, ADAPTIVE ON COURSE PERFORMANCE /18 27 32 14 28 18 3.06
(1) IA7 °~ SCORE PERFORMANCE CHECKLISTS ) /29 16 31 15 34 12 3.07
(1) IIIC3 * MGMT. TARGETS BASED ON PRE-COURSE DATA . /16 14 4125 15 26 3.08
VB1 - CAI, BASIC CAI CAPABILITIES \ /21 39 87 57 34 29 3.18 -
3§ (1) 1A2 CORRECT SCORE FOR GUESSING ‘ / 18 18 30 20 28 23 3.19
(I) IA8 INSTRUCTOR CAN.CERTIFY LESSON PASS J 14 22 27 20 32 22 3.30
- (1) I PASS SPECIFIC QUESTIONS \ /18 17 ‘32 20 35 15 3.30
. 21; - 11C6 HEURISTIC RULES FOR ASSIGNMENT SELECTION . /) 5 24 41 23 26 18 3.34
(1) 1Ic2 STUDENTS SELECT DESIRED ALTERNATIVES 710 11 32 26 434 14 3.67
_— * A blank in this column indicates that less than half of the \‘i
e e Lot partwcwpants rating an item assigned a rat1ng of 1 or 2. o LA
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APPENDIX E

.- ~ =-SURVEY OF CAI/CMI FUNCTIONS--

jListzng of funct1ons and mean ratings from A1r Force trainwnq other than resident technacal Field
training detachments/on-the-job training (FTD/0JT); Undgrqraduate Nav1gatqr Training 'UNT) Air
Un1versity (AU); and HQ A% 00, Pllot Tra1n1ng (PT)

Items are designated as (I) (S), or b!ank The (1) 1tems appeared only on the 1nstructor survey
.form; the (S) items appeared on]y on the supervwsor forms3 and the blank items: appeared on both ins
structor and supervisor forms. \ . :

One supervisory partlcipant from ATC HQ DO (P110t Tra1n1nq) represented the y1ews of that organ-

< ization. The participants from Air University were all supervisory personnel. From these locations,~
‘there are no ratings for the items which were only on the instructor survey form. . . -

‘----ﬂ--—--------------ﬁ‘-ﬁ-----------—--ﬁ---‘\‘-\-------‘---ﬂ‘------ﬁ---ﬂ--dhﬂ---‘--------—-------ﬂ---ﬁi

--ﬂ--‘ﬂ"---ﬁ‘-ﬂ‘-d“--‘-- ----ﬁdr------—--—‘—--——-----ﬂ-—‘b-‘--ﬁ--——-‘--ﬂ-w-—-ﬂﬂ‘----------------- -------

I~ STUDENT TESYING AND EVALUATION ###################################################################

oLl

- IA TEST SCORING.AND FEEDBACK / " 2.08 - 2.33. 3.00 2.29
(I) IA1  RIGHT-WRONG WITH PERCENT CORRECT /  2.42 1.50 - |
(1) IA2 * CORRECT SCORE FOR GUESSING = - /- 2.7 4.00
. (1) 1A3  WEIGHT QUESTIONS DIFFERENTIALLY / 2.33  2.50
* (1) IA4  PASS ‘CERTAIN PERCENT OF OBJECTIVES / -2.08 ° 2.00 .
. (1) 1A5  PASS SPECIFIC OBJECTIVES ¢ . | 7/ 2.00 ° 1.00 |
- (1) IA6 . PASS SRECIFIC'QUESTIONS . /  3.00 2,50
| *1) IA7  SCORE PERFORMANEE CHECKLISTS - - -/ 2.83 2.00
| I) IA8 INSTRUCTOR CAN CERTIFY LESSON PASS \ / 2.58  .3.50 - -
SN {5) TB ADDITIONAL ON-LINE TEST:CAPABILITIES ~ ° w7 2.62 2.38 “3.00 2.89
. (I) IB1. ON-LINE, RANDOM QUESTION ORDERS . | A 27 2.50 .
I) IB2 - ON-LINE, RANDOM ORDERS OF ALTERNATIVES =~ = -~/ 2.25 2.@0
" 13 IB3  ON-LINE, RETEST OVER FAILED OBJECTIVES™ -/ 2.58 2.50
"y I) IB4 ON-LINE, CONSTRUCTED RESPONSES . ], 2.83 12.50 |
X él) IBS  ON-LINE, ADAPTIVE WITHIN TEST - /2,90 2.00 - T o
© . (I) IB6  ON-LINE, ADAPTIVE ON -COURSE PERFORMANCE 1 ~2.58 '2.50 . d29

4
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FUNCTIGN

PREASSESSMENT DATA CAN BE USED
RELEVANT AF PERSONNEL DATA "
PRECOURSE KNOWLEDGE ‘TESTS
LEARNING PROCESS SKILLS
COURSE-SPECIFIC ENTRY SKILLS
ATTITUDES AND INTERESTS

PRE AND POST ATTITUDES

\ WITHIN COURSE ATTITUDES AND INTERESTS
‘iII - STUBENT ASSIGNMENT ###############################################################################

~

ASSIGN TO ‘ALTERNATE COURSE VERSIQNS T
DETERMINE ORDER OF ASSIGNMENTS

ORDER BASED ON LESSONS COMPLETED

ORDER BASED ON EARLIER PERFORMANCE 5
ORDER BASED ON RESOURCE AVAILABILITY * ~
ORDER BASED ON TEAM CONSIDERATIONS

ORDER SELECTED BY INSTRUCTOR o
ASSIGB TO ALTERNATE LESSON TREATMENTS
INSTRUCTOR ASSIGNS ALTERNATES .
STUDENT SELECTS DESIRED ALTERNATES
RESOURCES DICTATE ALTERNATE ASSIGNMENT
IN-COURSE PERFORM. DETERMINES ASSIGNMENT
PRE-COURSE MEASURES DETERMINE ASSIGNMENT-
HEURISTIC RULES FOR ASSIGNMENT SELECTION

'PERFORMANCE PREDICTION DETERMINES ASSIGNMENT
«. ASSIGN TO ALTERNATE REMEDIATIONS :

ASSIEN TO. ALTERNATE LESSON GRPS REMEDIATION

ASSigN TO ALTERNATE LESSON REMEDIATION
ASSIGN TO BLOCK -OR COURSE REMEDIATIONS

-TESTS SELEGTED AND, ASSIGNED

TEST ASSIGNMENT AT RANDOM

. TEST ASSIGN. EXCLUDES PREVIOUSLY TAKEN TESTS

1

APPENDIX E (CONTINUED) -

. . . ‘ .
T T T TN T TN T G T G Y N St

MEAN RATINGS o
FTDIOJT UNT PT AU

--------------- YU D VR wh W e WS W S e

3 35 3.17  4.00 2,59
2.75 3.00

1258 2,50 ,,/”’f
2.50  .3.00 ~
2.42 2.00 _ ~
3.05 3.42

. 2.58  2.50. - :
2.67 2.00 :

2.98 2 58  3.00 3.39
2.97. 2,42 3.00 3.50
2.83 2.00 *
2,67 . 2.50
2.50 - 1.50
2.95  2.00 |
2.83 1.50 S
3.00 1.92. 2.00. 3.60
.20 2.00 - i
3.35  3.00
2.95  -3.00
2.85  1.50
- 2.65 - . 3:00-
. 2.60 4,00
275 1.0
285 %50 3.00 3.29 '
3.08 . 4.00 | \
2.67 3.50
2.92 ,  3.50
2,88 "3.00 2.00 3.89
3.33 - 4.00 o
317" 2.50
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‘ \ © APPENDIX E (CONTINUED) |
MEAN RATINGS

--_----__-59891193 _________ dommmm s emmmememem—meemmemoememame {...FTO/00T__UNT___PT ____AU_____
(1) IIE3 ASSIGNMENT TO ON- OR OFF-LINE TESTS : / 320 350 .
. " TIF ASSIGN. TO SUPPLEMENTARY SKILL TRAINING ON ENTRY / 276 | 2,67 400 3.39
(1) 1IFT ASSIGN. SUPPLEMENTARY TRAINING BASED O ENTRY SKILLs — / 2.28 " 1.50

(I) 1IF2 ASSIGN SUPPLEMENTARY TRAINING ON LEARNING SKILLS / 2.80 2.0 ~

1) 116 RESOURCE MANAGEMENT BY COMPUTER | / 2.35  2.00

1) TI61 RESOURCES: - ASSIGN TO LEARNING CENTERS 7. 3.20 2.0
(1) 1162 RESOURCES: ASSIGN TO OPTIMIZE ACROSS BLOCKS /345 2,00

(1) 1163 RESOURCES: MANAGE OUTSIDE LEARNING CENTER VA& R

o Hr - STUDENT FROGRESS MANAGEMENT #####################################################################*

IIIA SCHEDULE STUDENT ENTRIES TO COURSE B -/ 3.2 2.00 -- - 4.33
- IIIB GRADUATION FORECASTING . : Y 3.05 3.17 '5.00 4.33
(1) 111B1 PREDICTED GRADUATION DATES ON ROSTER ~ « / 3.08 1.50 \ -
--(I) 11IBZ GRADUATES IN NEXT N DAYS, LISTED ON REPORT - /[ 2.67 1.50 . .
111B3 GRADUATION REPORTS FOR CBPO . - Lo e 2,77 0 3244 25,00 4.1
. T1IB4 DIRECT INTERFACE TO PERSONNEL SYSTEM ‘ 7. 2.69 ' 333 5.00 3.88
I11B5 GRADUATES: SCHEDULE OUT-PROCESSING \ \ /™ 3.15 2.63 -~ 4.22
I1IC MANAGE STUDENT TO TARGET /! 3.22 3.33 5. 00 3.59
(I) TIICY MANAGEMENT TARGETS PRINTED FOR WHOLE COURSE . /  2.67 2.00
Ig ITIC2 MANAGEMENT TARGETS PRINTED FQR INDIVIDUAL BLOCKS /  3.00  2.00 \ .
21 I1I1C3 MANAGEMENT TARGETS BASED ON PRE-COURSE DATA = / «3.00 4,00 * ¢
- (1) ITIC4 MANAGEMENT TARGETS, FROM WITHIN-COURSE DATA /  3.03 - 2.50 - \ o
- (I) I1I1C5 MANAGEMENT TARGETS RELATIVE TO AVER COURSE LENGTH !/ 3.00 2.00
(1) IIICG MANAGEMENT TARGETS RELATIVE TO POI NGTHS -/ 3.00 2.50
IV - SUPPORT FOR GUIDANCE AND COUNSELING ##############################################################
IVA  IDENTIFY STUDENTS NEEDING SPECIAL ATTENTION / 3.03 2.38 -- .. 2.79
(I) IVA1 FLAGGED ON- ENTRY VARIABLES [/ 2.92 4.00
(I) IVA2 PROFICIENCY AND DEFICEENCY SCORES PRINTED { 2.67 4.00
(1) IVA3 SCORES ON CRITICAL ENTRY VARIABLES PRINTED - \ / 2.58 - 3.00
(I) IVA4 PREDICTED COMPLETIONTIMES, PROFICIENT-IEFICIENT / 3.00 4.00.



APPENDIX E (CONTINUED)

| | o | I 4" NEAN RATINGS »
o | -_-_---__;EQECIEQN___----_--_--;;__-___-_L-_I____;; ...... e fmem——n [ _FID/OJT._ UNT . PT_____AU_____
N “ . \ < | ) ( o N N ‘i N - . ] | \ .. \i\ ;\ h N . N ~
S IVB.  IDENTIFY-MARGINAL PERFORMANCE IN counsz : \ |

\21) 1vB{" . FLAGGED ON TIME AND SCORE VARIABLES

/
\, ! ,(/ ) .
1) IVB2 MARGINAL TIMES AND SCORES PRINTED OUT ‘ 5 2.75 - 2.00

(I; IVB3 FLAGGED FOR ELIMINATION FROM TRAINING ; 2.83 - 2.00
(1) IVB4 FLAGGED FOR.SPECIAL REMEDIAL TRAINING | 2.67  3.00 I
V- CGMPUTER»AIDED INSTRUCTION (CAI) ##################################################################
. VA - CAI APPLICATIONS, TRAINING AND TESTING e /] 2.87 | 2.82° z 00 3.00
. (1) vm " CAI DRILL AND PRACTICE / - 3.08 - 4.00 RN
(1) VA2 rCA} TUTORIAL . '/ 2.83  "1,00
| I) VA3  CAI SIMULATION (LIMITED CAPABILITY) /[ -2.92 . 1.0
(1) VA4  CAI FOR BLOCK REVIEW \ I | / 275 - 1.00 .
— I VA5 - CAIFDR BLOCK REMEDIATION | | \ ] 2.92 2.00 o
= (I} VA6 ~CAI EDR TEACHING STUDY'SKILLS - : Y A 1 *2.50
| | (VB . CAI CAPABILITIES)..... Ceeneennee errerenns Cervennes eivenneses Cibeeieemesses o
S VBl CAI: BASIC CAI CAPABILITIES T 7312 3,58 5.00 3.1 °
\ VB2  BASIC GAI PLUS GRAPHIC CAPABILITIES. / 3.1z 2.89 4.00- 3.4
VB3  BASIC CAI PLUS CONSTRUCTED RESPONSE CAPABILITIES /[ 2.85 2.67.. 3.00 3.66
VB4 BASIC CAI PLUS TOUGCH PANEL OR'LIGHT PEN '/ 3.7 - 2,44 3.00 .3.88
VB5 . BASIC CAI PLUS CONTROL ©F AUDIO TAPE PLAYER !/ 2.82 3.08 %, 3.00 3.44 .
- VB6 IBASIC PLUS CONTROL OF SLIDE, FILM PROJECTOR -/ 2,83 . ,2.33 2,00 3.55
S VB7  BASIC PLUS- INTERFACE WITH THE CMI DATA BASE . Ll 2,93 2,25 2,00 3.77
: . VC  CAI FOR TRAINING ON LRNG PROCESSES, spzc SKILLS / ' 3.056  2:50 °3.00 3.00
\ (I) VC1  CAI. FOR STUDENT SKILL TRAINING . | ~ ) 2.58 2,50 . .. >
(I).vc2 * CAI FOR INSTRUCTOR SKILL TRAINING | \ 2 54‘ 3.75 . 3.0 .
VI - CMI DATA BASE AND CAI MATERIALS PRODUCTION\AND NAINTENANcE #######################################
(VIA CMI COURSE DEFINITION DATA BASE EDITINGJ ..... Veeiveeressensens ereeeiata cee = -
VIA1 ON-LINE CMI DATA BASE EDITING - o/ 3.05  2.33 1.00 3.19

VIAZ, GRAPHICS FOR COURSE STRUCTHRE DISPLAY | - !/ 2 73 2.2 2.00 3.22

=
.,
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o S * APPENDIX E (CONTINUED) | .
‘ R L ‘ ~ o . - - -
o L ‘ : . MEAN RATINGS | -
-—------\--EgggIlgg-;-‘-;.“.-;‘;i‘.““--‘;:;:\;\5;\‘;2\;\2;;-;‘;-;;...;.;\;“--1“-\--..‘_\;_‘_-\-\\__-\:-\_-!._»-EI-QZQQ-T;:-QEI__;_EI_--;.-_ALJ -----
., . YIB  AUTOMATIC VALIDATION OF COURSE DATA BASE /225 217+ 2.00 2.69
. sg VIC  EDITORS FOR PRODUCING ON-LINE TESTS | o . /. 3.02 - 2.8 3.00 -2.89
- (1) VIC1  AUTOMATIC' FORMAT FOR ENTRY OF TEST QUESTIONS . .+ . /7~ 2.45 2.00°
I)°VIC2  RANDOMIZED QUESTIONS AND ALTERNATIVES /2.3 2.50 :
§""V‘°3 * CONTROL NUMBER OF ATTEMPTS PER QUESTION /]  2.50 2.50 o
I) VIC4  FEEDBACK FOR RIGHT, WRONG,,IF DESIRED ' - A 2.25 2.00- o
. (VID  CAI AUTHORING EDITOR) ...... LT L LT T LU Seen, .
* VIDI  PROVIDE AUTHORING EDITOR, NOT TEAM WRITING /2,66 . 2.55 2,00 2.44
©_ VID2 AUTH. EDITOR FORMATS TEXT FRAMES, QUESTIONS | / .2.72 2.67 2.00 2.66
- VID3  AUTH. EDITOR STRUCTURES SEQUENCE OF FRAMES /. 2.67 2.78 2.00" 2.55
VID4 . AUTH. EDITOR COPIES FRAMES FROM QTHER LESSON o T2 2,25 2,00 2,77 .
VID5 ~ AUTH, EDITOR HAS USER "HELP" INSTRUCTIONS - . /. 2.62 . 2.1} ,2.00 2.33
: - -VID6  AUTH. ED. HAS “HELPS" EOR WRITING PRACTICES e T2 207 2,000 2,77
= > VIE  USE AUTH, EDITOR FOR OFF-LINE MATERIALS /2.7 3.42 4,00 2.62
- ~ VIEl  USE AUTH. EDITOR FOR OFF-LINE TESTS / 2.8  3.67 4.00 2.66
o VIE2 .USE AUJH. EDITOR FOR OFFXLINE LESSONS : /. 3.02° 3.25 4.00 - 2.88
- VIE3  AUTH. EDITOR TO REVIEW, REVISE OFF-LINE MATERIALS /2.8 3.17 4.00 2.33 °
VIE4 ~ PRINT MASTER COPY FOR OFF-LINE MATERIALS ! 2.74 2.92  4.00 1.77
VIES ~ PRINT MULTIPLE COPIES FOR TRYOUTS S /0 2.80 8.00 4.000 3.1
VIE6G ~ CONDUCT -ON-LINE TRYOUTS . | -~/ 2.86 3.67. 4.00 2.55.
VIF  USE EDITORS FOR COURSE DOCUMENTATION," -/ 2.64. 3.25 ' 4.00. 2.44

. ;VII - INFORMATION RETRIEVAL AND REPORTS #‘##################.############################################ \
s S . . o B ‘ : . . . . o .

© VIIA REPORTS.FOR. INSTRUCTORS = . /2,70 . 2.50° 3.000 2.72
. ~ VIIAl LEARNING CENTER ROSTERS - S/ 317 3.00 4.00 3.27
- *. VIIAZ *BLOCK PROGRESS REPORTS -~ - - i /-2.93  2.08 -3.00- 3.59
VIIAZA LESSONS STUDENT HAS COMPLETED ' /° 3.9- 2,33 3.00 3.40
VIIA2B ATTEMPTS AND SCORES ON LESSONS / 3.2 -.2.25 3.00 3.66
" VIIA2C OBJECTIVES FAILED IN BLOCK o / -2.92  2.08° 3.00 2.77 . -
*  VIIA2D TIME ON LESSONS AND ON BLOCK . -~ . / 3.0, 2.83 4.00 3.77
; © VIIAZE TIME AHEAD OR BEWIND SCHEDULE -, ~ ° / 310 T 2.33 3.00 4.00 ~
= * VIIA2F HOMEWORK ACCOMPLISHED S 1. 3.22 2.13 -~ 3.6 137




S | MEAN RATINGS:
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2.90 3.33  4.00
3.05 4,13 --

2.81 - 3.3 4.00
3.14 . " 3.00 3.00
2,66  2.42- 3.00
3.17  -3.00 -~

3.2  3.58 - 4,00
3.2t -3.75 4.00 3
3.02 2,50 3.00 |

e VIIA3 STUDENT HISTORY REPORTS .

. VIIA3A ATTITUDE AND INTEREST INFORMATION ~

" . VIIA3B'SCORES ON ENTRY SKILLS

- VIIA3C TIMES IN BLOCK REMEDIATION = .

- . VIIA3D OBJECTIVES FAILED MORE THAN .TWICE

'VITA3E ABSENCE TIMES AND REASONS, BY BLOCKS

~ VITAgA ADDITIONAL REPORT: ABSENCE REPORT

«~ 'VIIA B,ADDITIONAL REPORT: HOMEWORK SUMMARY
.VITA4C ADDITIONAL REPORT: ON-LINE DISPLAY, STUDENT‘DATA )
{(VIIB" TRAINING MANAGEMENT REPORTS) ...uvvuesernuenenncneraonaosnsnssssssssnarsors

&
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23) VIIB1 REPORT, STUDENT AWAITING TRAINING =~ /2.7 0 3.75 4,00 .4.29
$) VIIB2 REPORT, STUDENTS. BY BLOCK, ROOM, OR BASE : /. 2,78  3.25 3,00 4.1

{S) VIIB3 REPQRT, DISTRIBUTION OF BLOCK TIMES - - . .. . ° [/ 3.17 2.88°  3.00 4277

{S) VIIB4 REPORT, DISTRIBUTION OF CBURSE TIMES - ’ / 3 2.75 - a7k
{S) VIIB5 REPORT, PERFORMANCES BY ROOMS OR BASES 7 73.00 - 3,13 3.0 3.9

(S) VIIB6 REPORT, RESOURCE UTILIZATION 2% 2.88 3.00 3.59
{(S) VIIB7 REPORT, INSTRUCTOR UT 1ZAT1ON-PERFORMANCE I A |1 % 2.88° 3,00 3.50
(s) viiBs REPORT, STUDENT TIMES, GRADES BY BLOCKS ~ + . /7279 * 300 3.00 279
(S) VIIC COURSE EVALUATION SUMMARY: o o S /g 3020 275 3.00. 3.44.
{S) VIIC1 FIRST ATTEMPT.TIMES, SCORES | /' 3.20 - 2.88 3.00 3.88
(S) VIICZ FINAL TIMES, ‘SCORES - s o/ 3.6 2.63  3.00 2.90
(S) VIIC3 MEAN, SD, 15T ATTEMPT TIMES AND SCORES >/ 3,35 2,75 3.00 3.69

(S) VIIC4 MEAN, SD, FINAL LESSON, BLOCK SCORES | / 3.3 2.75, 3.00 3.50
{S) VIIC5 . MEAN, SD, 1ST ATTEMPT LESSON, BLOCK T oo /338 2.88 3.00 - 3.88-
(S) VIIC6 MEAN, SD, LESSON, BLOCK COMPLETION TIM oo 329 2.8803.00 377
'S) VIIC7 SCORE, TIME DATA BY-LESSON ALTERNATES® [ 3.2 2.88° 3.00 4.22

(S) VIIC8 SEORE DATA BY OBJECTIVES IN LESSONS / 3.08 - 2.63 "3.00°3.19
{S) VIIC9 FIRST ATTEMPT LESSON FAIL RATES . - / ©3.20 - 2:88 3.00 .43V
(S) VIICTO FIRST ATTEMPT OBJECTIVE FAIL RATES -~ S /3.5 2,75 3.00 377
(S) VIICI1 CORRELATIONS, AETUAL/PREDICTED TIME, .SCORE / 3.3 2.75 3.00- 4.33
\('s VIIC12 SUMMARY FAIL RATE ABOVE "X" PERCENT ‘ /3013 2,75 3.00 * 3.25
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MEAN RATINGS

-------_--EQEEIIQN’ ....... S e [ FID/OJT _UNT _PT . AU
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S) VIIB TEST ITEM EVALUATION REPORT [+ 2.97 4.00 -- 2.4«
(S) VIIDY TIMES EACH ALTERNATIVE IS SELECTED \ / 3.08 3.00 3.00 2.1
(S) VIID2 TIMES EACH QUESTION IS ANSWERED CORRECTLY /[ 2.99 _ 3.13 3.0 2.2
S) VIID3 FOR ALTERNATIVES, AVERAGE TEST SCORE Sl 3.49 3.00 3.00 2.11
$) VIID4 FLAG ALTERNATIVES MISSED BY X% OR MORE /2.9 2.50 3.00 2.0C
(S) VIID5 ITEM REMAINDER CORRELATIONS /3.2 2.88 3,00 3.12
(S) VIID6 MEAN, -SD, SCORES BY OBJECTIVE AND TEST /3.2 2.88 3.00 2.09
$) VIID7 DISTRIBUTIONS OF SCORES-ON TESTS : : /0 3,05 2.75 3.00 2.63
“ égg VIID8 ALPHA RELIABILITIES FOR OBJECTIVES, TESTS -/ 3.04 3.00  -- 2.66
. VIID9-RELIABILITY COEFFICIENT FOR OBJECTIVES TESTS /  3.23 2.75 -- 2,55
' (VIIE CAI EVALUATION DATA).!!.i“.i..‘bi.!“t.i.i‘.‘.!.;‘\,.‘v.i;!‘vv!.iii‘*.‘i.‘t‘i! \ ) v
S) VIIEY CAI, % SELECTING QUESTION ALTERNATIVES / 3.20  3.00 3:00 ,3.00
S) VIIE2 CAL, % SELECTING BY ATTEMPT NUMBER / 3.28 3.00 .3.00 3.44
S) VIIE3 CAf‘ TIMES .TO-~READ AND TO RESPOND /- 3.29 3.13 3.00 3,66
(S) VIIE4 CAI, LIST UNMIRICIPATED RESPONSES /0 3.29 3.00 3.00 3.33
~ (S) VIIES CAI, OPEN-ENDE® STUDENT COMMENTS ~ 312 2.88 '3.00 3.00
(S) VIIE6 CAI, RECORD STUDENT PATH THROUGH LESSON Y 3.3 - 2.88  3.00 3.79
(S) VIIE? CAI STATISTICS -ON MAJOR UNITS OF PROGRAM - .. A 3.35 ;2.88° 3.00 3.33
s) VIiF COURSEHARE DEVELOPMENT MANAGEMENT REPORTS . ~ 0 3.3 3:25 3.00 3.1
- (S) VIIG PERFORMANCE FORECAST REPORTS TO FIEED - T !/ 3.15 .2.50 -- 4,17
“{S) VI1I1G1ZPRE-SERVICE EDUCATION, VOCATITGNAL TRAINING ol 3.20 2.50 --. 3.7¢
S Vlrét PRE-SERVICE OCCUPATION JOB EXPERIENCE- ./ 3.38 4.00 --" 4,07
~ (S) VHG3 AF PERSONNEL RECORDS DATA ASVAB, ETC. / 3.36, 3.75 -~ 3.8!
S) VIIGA IN-SERVICE TRAINING PERFORMANCE DATA . [/ 3.11 3.257 ~ 4.2-
S) VIIGS SPECIALTY-RELATED DEFIC[ﬁNCIES \ / 2.90 . 3,13 3.00 4,3
(S) VIIG6 PREDICT PERFORMANCE IN FIELD ASSIGNMENT ' o/ 3.3  2.7% -3,00 4.1

& (VIIH SPECIAL PURPOSE REPORTS)....eveolesennssonvesenneevnnsoneasnnnes cemenenn cen
: } VIIH1' SPECIAL REPORTS-BASIC DATA QETRIEVAL BACKGROUND / 3.21 2.25 2.00 qﬁg}ﬂi
§S VIIHZ SPECIAL REPORTS-INTERACTIVE RETRIEVAL . -/ 3.07 ¢ 1.63 “1.00 2.7¢
S) VIIH3 SPECIAL. REPOPTS*RETRIEVAL WITH STATISTICS S, 341 2.25 2.00 2.72
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SR " APPENDIX F
Summary Of interview besufts from Air Fcrceftrajging: Extension Course Institute (ECI);xField Train-

~ ing Detachments (FTD); On-The-Job Training (0JT); Undergraduate Navigator Training (UNT); and Under- °
grmmpjlommg_{upq}. R S e . o :

* An X indicates that a?program\Epressed a need for a particular function. Category 1 functions are
already provided by the low-cost System, Category 2 functions require that minor modifications or
additions\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. \ o .

.-----------‘-‘----------ﬂ‘--‘--------‘-‘-_--‘“ ---------- T - . S D W WD WD WS W o e W Q-‘H-‘—-—---------’&—--

\ I - STUDENT, TESTING AND EVALUATION (INCLUDING C RTIFICATION AND QUALIFICATION) : o
- - SUMMARY: Most of the capabilities mentioned below are already included in the specification for the
Tow-cost CAI/CMI system. Item 14 below, would require minor software modification to
\ accommodate cotding to STS, Skill'lLevel, and CDC voluine. Item 15 requires interface between
> a 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,
— oo fUNCTION *-_-..,~.-;.-_...._;::,;;:m».;i.-ﬁ_--_-.-..~.._-.\;__Z_;.ES.I.-..EIQ.-QQI’.\..\QEILQEI--[Q&EEQB!--_
S 0 1. On-line test item development and modification XX XU X X 1
2. Computerized storawe of comprehensive test item banks . X X . X "X - 1.
. 3. Association of individual identification with training ? \
- profile and next test - : . X, XX
4. Verification of student eligjbility for test X X X 1
5. 'Computer generatien of next required test (including \ S - *
retakes) = L ' X X X -1
6. Test security . \ . . o N X X X X el
/. Remote, on-line testing capability . | o ke X XX X 1
. 8. . Adaptive, branch testing capability \ B SR \ 1
9. Rapid student access to required test « - \ . K- ]
- 10. Rapid feedback of test results to student and supervisore..-+X =X X X X 1
" 1., Rapid distribution af Lest results and training - \ ‘ ~ o
+. .~ completions I LI P X X s X X i‘\,'~ 1
~¢  12s Conttnuous test, item analysis and feedback XX X X % 1
13. Mainten ¥ {stbrage)~of test data - R | X X X X -1
: ’ X D o. ' T W .
~ . ) ‘," \ . ! \"q: : . .
S | L 141
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FUNCTION P - / NECI FTD OJT UNT UPT /ﬁATEGORY
14, Computerized coding of test 1tems to STS, Skin Leve] . .-
~ AFSC and CDC volume \ X - o -2
15. Computerized elimination of duplicative, gener1c test N o :
{tems between AFSCs o X o -3

IT - STUDENT ASSIGNMENT

SUMMARY: Items 3 and 4 below would require ninor modw#ﬁcat1on to the\low-tost system, and would entail

much careful work by training personnel to provide the necessary:definitions and class—
ifications so that these capab111t1es would be based on accurate and comp]ete 1nfcrmat10n.

1. .ASSIQnment of required training event, module, or volume X X X X X . 'T
2. Assignment of best available remedial material/resources ) S X 1
3. . *ldentify availabIe/applicable study material in response \ . » :
to student request ° ) S X X °X &
4, Preclude duplicative, redundant training . X X \ . 2
------------------------------------------------- AL v o o i B 8 B B e P e S 8 S 0 VR O s it o e e e

11 - 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 shou]d be planned as- part of” that 1nter-
.- face, \ \ B

. Assocjate 1ndividua1 1dentif1cat10n wwth tyhaning .4
profiles L
Provide training profile security X X
Provide individual procedural instructions S

X

X

. L x

Establish individual progreds goals/suspenses e X
X

X

L 3

1

1

1

1

Notify of inadequate progress and/or missed suspenses 1

Identify remedial needs on bas1s of test/qualeication/

certification results .

. On-line student sign—1n/sxgn-out (inc]udes flying, RO - _

simulators, trainers) - \ ; X . - -1
. Continual assessment of indivwdual train1ng/education \

requirements, based on: _ \
Civilian education and/or occupatmn(s) ., X - X &3

3 >< <3< > >

. X j \T\;

o~ ~4 YWY
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© APPENDIX F (CONTINUED) | |
»ruucnon | L S 7 ECI F‘[D 0T ONT uPT /cmsoav

4

In-service trawn1ng and/or education . S X% XX -3
- AFSC, Skill level, and STS e X 7 X 3
: QuaTification and certification requ1rements ‘ \ X 3
9. Verification of individual g]igibi11ty for self- L ¥ \
requested training : . X 3
10. Verification of individual e1191b111ty for \
\ computer-assigned training - o X X X 3
1. Establish earliest and latest dates for retake | » ’ L
of tests o X X X 3
12, Establish- and not:fy\of qua]ification/ \ o -
\ certification suspenses . X 3
., 13. Prepare local training schedules (interface with o \ V
‘host base maintenance schedule, provide weekly .
academic, simulator and flying schedules which can
be adjusted daily for weather or maintenance aborts - . : -
and test or flight check failures \ ; X X X .3

. SUMMARY Minor modificat1on needed to softwaré to provide Item 1 be]ow.

13 On-lzne preparat10n of counse]ing reports | o ’ - X2

"
]
]
1
‘
f
]
1
]
]
1
]
]
¢
]
{
s
1
1
]
t
s
(]
1
[}
|

- .- ——------------n-—--- ----‘-d------“---ﬂ ------- o -

- COMPUTER AIDED INSTRUCTION * \ \ S
SUMMARY Most of.the required CAI capab111ties are included in the low-cost system. Item 3 would
require additional hardware (touch panels or light pens) and 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§ rdther than as on-line CAl.

1. innteractwve testing (excludlng hands-on parfbrmance |

- check items) | - X X X 1
2. " Interactive review and remedwatlon X X X ) 1
14 :

115
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3. Enter and store program material in an encyclopedic/
4, Modularize generic training material coded for recall

~5.: On-line procedures to minimize coordination/ | .

&« } ' .. \ . ’
- © BPPENDIX F (CONTINUED)
- -FUNCTION. S '/ ECI FTD OJT UNT :UPR /CATEGORY

N N X
. 8

3. .Interactive (on-1ine) delivery of program (course)

material - Programs include Type .1 (Contract Train- . : ' .
ing), Type 2:(Special Resident Training), Type 3 | : \
(Regular Resident Training), Type 4 (Field Train-

ing, FTD), Type 5 (Other Agency Training), Professional
Military Education, On-The-Job Training (0JT),
Certification Training, Qualification Training, Re-
qualification Training, and Ancillary Training. Should
have touch panel or light pen, Graphics, Movement, N \ .
Color, and Audio Tape Interface ) : ~ \

" VI - CMI DATA BASE AND CAIMATERIALS 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 1 item, already provided, except for the "AF-
wide distribution"--if distribution is not via computer network, then Item 8 is provided
by the low-cost system. Item 9 requires a degree of interface among AF training programs
that is outside the scope -of the 10w-c§§t>sx§fem. R . |

1. On-line capability for non-programmer authors to easily:
‘a) Enter, store, and change program structure, re-
*  quirements, and control. documents -
'b) Enter, store, and change program materials
c¢) Enter, store and change test items .
2. On-line student enrollment/registration

> S D¢ 2
5 ¢ >
| e ¢ >

il wnl wamd ol

word order manner

B¢ D MK D¢ B

and use in multiple courses with similar requirements

S B > PP

- approval actions . . - . . .
6. On-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 ’ ) .

N
R
W



‘' APPENDIX F (CONTINUED) B

FUNCTION , B . : ‘;\. / ECI FTD 0JT UNT UPT /CATEGORY

7. On-line entry, stnrage. and maintenance of _— . o )
navijgation tasks by weapon system.and command . o R § 2
8, On-line preparation, maintenance and AF-wide \ i \ T
[ - * distribution of refresher and/or upgrade ‘ ~ e, - o o o0 "
training material : o o \ X . " I
9. Identification of inter- and 1ntra-program : o . \ A
content overlap and redundancy : X X . 3

) VII - INFORMATION RETRIEVAL AND REPQRTS :
SUMMARY: Items 3 through 6 could be provided by the 1ow-cost system, at sma11 expense for software.
modifications. Item 7 is a capability of the low-cost system, but only at the Jotal level--
- _ the interface problenis in making this AF-wide would need further definition. Items 8 through
o 14 would be difficult to incorporate into the low-cost system, because they require systems ‘
at the ]eea] level to be aware of, and to act on, data at the AF 1eve1.\

~ 1. Courseware eva1uation reports o ‘ <~-x X 1
2. Individual training profiles, including preservice @ = - \
training, education, and occupations, in-service - S e
training/education, enlistment/classification data, : SN \ ‘
and "qualificationjgertification status . X X X X X . 1

3. Courseware development status, ingluding projected
. completion date and OPR, review completion dates
and OPRs, and rev1sion suspense dates, status, and

! - QPR 2 X X X X 2
4, Test.item ana]ysis reports, referenced to STS, JPG,* \ s \
~ahd SPOTS \ X X X X 2
5 Typing of diplomas, graduation certificates, ) , 5
transcripts : S X 2
6. * On-line entry, storage, and maxutenance of'1nstruc- \ - : .
tor qualifications/status _ ° & ‘ . X 2
7.  On-line preparation and*dzstr1bution -of quarterly . N ~ .
'er productwn por‘t o \ . X 3
;0 S .
P h ]
- ‘_:./‘/\/\ ' 15.9




/CATEGORY

hﬁ--—-‘-nh'-‘--v---ﬂ W

-8, :Historical 1n-service trainingleducation programs data, .
including .programs completed, and completion times by

S student type, command, and location, - 1 X X X X X 3
79, Historical in-service training/education‘programs L o H

Ce . data, including Grad Evals by program student type, o S o o _
T - conmand, and location - X X X X X 3

.10, Historical in-service training/education prograns data; \
- including resource (facilities, training devices, :
- personnel) utilization by program, command, and ! - " :
7 location X X . X% 3
11. Projected enro]]ments by program, command, locatian g \ ’ . \
vand student types {includes hast base and pipMine -

DDA and ABLE GRAD - students) ‘¢ . X %1 X X 3 -
12 Existing enroliments by program, command 1ocation > e S \ X N
-~ * and student types | | XX X X 3
~y 13.- Standardfzation and mobility of Drogram and o \ S
n -individual training/education data among related o ; : ‘ ey
 computerized systems (e.g., ¥MICS and APDS) o \ X X X 3
14, Cost analysis data 1nc1uding type of “program, type/ - : B -
| number of student production, resource, utilization, | - ﬂh\y R
v command and 1ocation B . \ Xt X X X 3
. ) .
. .
co : . ¢
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. APPENDIX G
LANGUAGE FEATUFES REQUIRED BY THE CAI/CML ruucrmus

Language | features were. determined by examining“%he necessary
CAIICMI functional capabilities from.Appendix C and determining a
set of suggested features for accomplishing those ‘capabilities.
The numbers in the "FUNCTIONS"™ column refer to the Appendix C

listing of CAI and CMI functions.

The numbers ih the "LANGUAGE

FEATURES" column refer 4o the listing of features in Sectian

5.2. 3.of this report
FUNCTIONS

-

¢

- LANGUAGE FEATURES

VA-VE2, VIC3, VIF'

- 1a-1vB4, MIA1-VIC, VIF,
VITAT-VIIA4C, VIIB6-VIIB7

1B-186, VA-VIF, VIIA4C,.
: VIID—VIIE?

“ \IA-I‘IICG. VIIM VIIA4B,

VIIB1-VIIB7

18-186, VA-VIIA, VITA4C, -

- yIIB3-VIIBS, VIIBS, \
¢ VIID—VIIDQ, VIIH1-VIIH3

’\ . VA-VC2, VI€3-VIE6

VIC4-VIIAZA, VIIB1-VIIBS, '

VIIF-VIIH3
| VIE)-VIEA

-

. 123

1,2, 4,5,6,7, 8,10, 11,

: 12, 13, 14, 15, 17, 20, 21,

22

3 .o

a N
LN .
. 5 .
. y ¥
.9 ~
™

16

18

19, 23

24

25
26
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APPENDIX H

| FUNCTIONAL SPECIFICATION |
. PR THE S

. LOW COST CAI/CMI INSTRUCTIONAL SYSTEM

Prepared Under Contract

'F33615-78-C-0031 - :

. - o TECHNICAL TRAINING DIVISION
- AIR FQRCE HUMAN RESOURCES LABORATORY
AIR FORCE SYSTEMS COMMAND |
"LOWRY AIR FORCE BASE, COLORADO
N
N L BY . |
- 1‘ MC DORNELL DOUGLAS ASTRONAUTICS COMPANY = *ST. LOUIS

¥

ST. LOUIS, MISSOURI . 63166 _

o | x B A .




1.0 SCoPE

\ This specification establishes th» requirements for an operationally’
. configured, low cost, computer-managed instruction (CMI)/computer- o
assisted instruction (CAI) system, The specification includes those CMI
and CAI functions identified. as having potential payoff from an oper-
ational viewpoint,-and excludes "nice to have" or "rich" capabilities for
support 'of research and devélopment (R3D) and other non-operational 1

functions. . : \ : : \ o "

- The systém shall be a dedicated local system, rather than a large
- centralysystem serving. more than one Technical Training Center (TTC) or
a system 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 or mass storage in order to handle
' increased loads. . : | :

‘The system, including the on-line CMI/CAI data base, !La1l be sized

to provide operational CMI/CAI support for at least five hundred ' (500)
students per shift for two shifts. Further désign.assumptions are: \

. these,students are distributed equally across five (5) different courses;
each student averages. five (5) CMI transactions per shift; not more

,Sj “than 10% of the students will use CAI at any one time; up to nine (9).
administrators (instructors or- supervisory 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 and assumptions described’
above. \ -

™~
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2.0 'APPLICABLE DOCUMENTS\

+ The fol]owrng documents, of the issue in effect on the date of

'nnv1tation for bids or request for proposals, form a part of this specifi—

cation to the extent specified. herein. Any reference to the foliowing\ .

documents, by.basic number on]y; in other paragraphs herein shall be
deemed to apply to the issue current at the time of dissuance. In the

event of conflict between the documents referenced here and other detail
content of Sections 3.0 and 4.0, the detai]ed requirements of Sectiohs

3. 0 and 4.0 shall be appiicable
2.1  GOVERNMENT DOCUMENTS

HILITARY SPECIFIEATIONS S
‘NIL H-46855 Human Engineering Requirements Fnr Military Systems,c~
Equwpment and Facilities * x

+ : N

MIL E-6051D Electromagnetic Compatibility ReqUirements Systems
MIL- Q—9585A Quaiity Program Requlrements

MIL-T-23931 Training Dev1ces Military General Specification
Y For ~ o R \ c

 MILITARY STANDARDS

L . MIL- STD-785A Reliability Program For Systems and Equipment

. Development and.Production
MIL-STD- 130 Identification Marking of U.S. Mi]itary Property

MIL STD-1438B Standards and Specifications Order of Precedenqe
: Q;#/ For The Selection of v )

-

MIL-STD-478 Maintainabiiity Program Requirements {For Systems
and Equipments) \

~ MIL-STD-490 Specification Practices

MIL- STD-882 System Sa?ety Program for Systemg,and Assocwated
\ Equipment: Requirements for

MIL-STﬂ-1472A Human Engineering Design Criteria for Military
o Systems Equ1pment and FaCilities :

1355

129



3.1 STUDENT TESTING AND ‘EVALUATION

3.0 FUNCTIONAL REQUIREMENTS - »;

. This Sectaon describes the funct:ona] requ1rements for the 10w cosx
CMI/CAl system. . \

" The system shall read students ‘test forms, score tests, prov1de |
each student with feedhack 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 control purposes. The system shall
support at least the following types of tests: aptitude tests, lesson

—and block tests, performanceighecks, and attitude measures. The types

of allowable questions sha\l include at 1east true-fh]se, multiple
choice, and scalar. . >

" The system shall include on-line and off-l1ine testing. The on-line
testing shall be supported by interactive terminals. Off-line test{ing '
shall be supported by management devices, which shall include optical
mark readers, badge readers, off-1ine response devices,’ of'uther

..appropriate-devices to acqu1re input from students and instructors;

printers to produce hand copies of student status reports*, and other
ievices as appropriate.

3.1. 1 Test Scoring and Feedback Capab111t1es .
* The system shall sco® those tests for which test keys have

- been entered into the data base (see Section 3. 6). The results from tests

shall be available in printed format for both: the student and instructor,.

- If the test is a pass/fail test, training managers shall be able to specify

the pass/fa11 criter1a. The criteria shal] 1nclude at least the following:

Answers can be scored either right or wrong, and a des1gnated
percent correct can be requwred 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 be’ possxble to use a question for more than
one obaective. o

0 Any objective can be des1gnated as a critical ogbect1ve and the
 test will be failed if the objective is failed.

" A subset of objectives can be defined, with a minimum number of
objectives from the subset requjred to be passed in order to pass

* A status report shall be pr1nted 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.

L.
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the test. For example, five objectives on a ten-objective test
can be specified as a subset, and the system can require that

, ﬂgﬁhr$gi?rdmore\of these objectives must be passed or the test will
e failed. L o

* Test keys and other information Fequired to Score'tests shall be
entered at an, interactive terminal. ~ L \

, - The system shall,score performance checklists completed by -instruc- '
..« tors. Instructors shall be, able to certify that a student has either
\ " passed or failed any of the tests, including performance checks, from an
intirgctzve!terminal or by entering appropriate information via a manage=—"
nent device. R o : B} 8 - ~

' 3.1.2 On-Line Testing Capabilities

y  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 test administration. The order of the
alternatives shall be either fixed or-random as specified by the author¥*. .

" The authdr shall be able to make the extent of testing dependent on. the '
- student's responses to’ earlier questions in the test. - A hard copy of the’
§ results of on-line tests shall bé available from a management device on
" request. Responses to on-line student test inputs shall Be in a real
time mode. The time lapse from transmission-of student input to start
of displaying feedback shal} not exceed three (3) seconds in more than
10% of the casés. The time lapse from beginning to completion of the
response shall not average ‘greater than tweive 12) seconds.

3.1.3 Determination of Pre-Course Student Characteristics

- The system shall provide for storage and retrieval of student
. characteristics data collected before or at the beginning of training, It
‘shall ®e possible to use .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 compl®tion. The individual Characteristics information shall be
stored in the on-line CMI data base and shall be available to the CM]

“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 coprses operating with this
system: - o \ “
Q,// *NOTE: Within the context of this specification, “author" 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 ~
into the systen. . : : RO

»
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° Relevant Air Force personnel data (e g.» ASVAB or AFQT scores,
| \ - and such biographical data as previous service tra1n1ng and duty
v assignrents); 5 \

\knawledge of the course ‘material based on cr1ter1on reféreﬁced
pre-tests or-other pre-course measures of knowledgejprofic1ency .
on training abJect1vos, ,\. \

L 4

Learn1ng process skil]s (abxlity, attitude, or 7nterest measures
such as read1ng comprehens:on and study hab1ts), and N
= \ - : Course-spec1fzc~cr1tica1 entry §k111s (aptltudes, ab:lities, and

‘ intsgizgiﬁ;hut are specifically related to success in a part:cu)ar
trai specialty, such as. mathematical ab:lity or 1nterest in
the career f1e1d)

. ) ) - 3.1.4 Detormwnat]on of Within- Course Student Att1tudes and |
- - Interests

The-system shall make pruvssion for tests to measure the
- attjtudes .and interests of students. Pre-course,’ within-tourse, and post-
. - course tests of attitudes and interests shall be accommodated. The :
. results of the tests shall be stored in the.on-line CMI data, base for -
use in determining traﬁning assignments,. evaluating instructional”
materials and procedures, predicting completion times and rates of pro-
gress, and predicting performance, as specified by training managers.

3 2 STUDENT ASSI%NMENT

The system sha]] assign students 1nd1V1dua11y to 1essons, tests, and
other instructignal alternatives. The system shall be structured to \
allow the training manager to specify what combination of data on lesson
character1st1qz, resource availability, student characteristics, and '
student performance will be used in determining the assignments of

~individual students to training alternatzves.

A student sha]l receive the next individual assignment 1mmed1ately
after completing the preceding lesson. Training resources shall be
scheduled ‘by the computer system to attempt to maximize throughput. The -
computer shall track student progress through the lessons and a]ternatwves
in the vargous course versions. The system shall provide reports that “can,
as deswred rep]ace manua] tracking of student progress by instructors:’

A

3.2.1 Asstgnnent to Alternat1ve 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 training materials). A student enrolled in a part1cu]ar
course version shall be assigned only the training materials for th
version. The form or procedure used to regwster a student in a course

“shall provide for identifywng the student's course and version.

- 2

-
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\ followvng considerations:

L 3

AY

3.2. 2 Determination of the Order of Assagnments h

The system shall have the capab111ty to determine and assign
the next lesson altergative for an individual student in all modes

- except block remediation. -The instructor shall not be required to

manua11y trq;k student progress, or to determine assignments to train-
ing alternatives, and shall have ;apab111ty to perfgrm manual override
of any assignment. 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 fol]ew1ng information in determ1n1ng
a tralnee S next assignment: .

© The assignments completed‘by the trainee to date; . )t
° The performance of the trainee on previous a551gnments (times and
test results on previous a351gnments),

> o The availability of\ the resources requ1red for ex1st1ng and N
allowable lesson altérnatives; and - \
‘ \ s )
© 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 Ass1gnment to Alternattves Within Lessons‘ .

¥

The system sha]l make individual student ass1gnments to

. alternatives within a lesson. These can include alternate media (e.qg. .

printed vs. aud1o-v1su%*jigr different instructional approaches (e.g.,
easy vs. difficult) 551gnments can be based on at Jeast the

Availpbi]ity of the nart1cu1ar media or Ieséon;
° prior test scores, timeSﬁto-comB1éte, or other within-course data;

0 The student' 5. pre-course characteristics (e.g., general aptitudes,
‘ ab1]1t1es att1tudes, 1nterests, or other pre-course data);

© Simple-"if.. then“ log1ca1 ru]es which may be used’ to select
alternatives; and . . ‘ e

kS

0 Prédicted\ﬁtudent performance.

Student characteristics and past performance can be used to prediet
student performance. The student shall be assigned to the media or
lesson predicted to result in the best student perfarmance. The system
shall accommodate at least two assignment ruleg for each Tesson--best

predicted time and best predicted score--which can be specified at the

lesson level by an author. If the score rule 1§ seltected, the student .
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shall be assigned to the treatment with the h1ghest 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 system will use the s¢ore 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). AdditionaTly, resource
\avaxlab111ty and system.throughput constra1nts shall QVerr1de the time

and the score rules N

The sysxem shall support rﬁiaom assignment of a specifiable per- - ..
centage of the students to the treatsents within a Jesson. If 15%
random assignment is specified; then a randomly selected 15% of the '
students shall be assigned randomly to the available instructional

‘alternatives for that lesson. The random-assignment functipn will be

used in collecting data to establidh assignment rules and to verify
the effectwveness of such rules. . .

-

3. 2 4 A551gnment tc Alternat1ve Remed1at1on Act1v1tx§b o
lable alternate

The system shall make ass1gnments to the avai
remediation ‘materials and media. At least three categories of
remediation shall be supported: o .

. i . : .

9 Lesson Remediation - The system shall support alternatives for
use in remediation only. The system shall assign a student to
the "best" available remediation alternative for second and sub-
sequent lesson, attempts, with "best" defined to he the one
alternative chosen from available alternatiyes based on the con-
siderations listed in Section 3.2.3. : .

Lesson. Group Remediation -~ The gystem shall assign the best
available remediation aTternat1ves within a re1ated group of
lessons. \

Block or Course Level Remediation - The system shall assign the
best available remediation alternatives for the objectives that
the ‘student is having d1ff1cu]ty master1ng within the block or
course. X
The alternate remedial selections shall be accomplished by: the
computer. It shall be possible for instructors to override system .
decisions via management devices and from interactive terminals.

RSN =
) A

3.2.5 Test Selection and AsSignmént

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, asavailable and apprapriate; If more than one version of a gest

3
p
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is avai1ab1e: the alterndtes shall be assigned randomly. Any versions
already attempted.by the student shall be excluded on subsequent \
. attempts. Capability shall be provided for manudl overrige of any test
N assignment by an instructor. On-line programs shall p de the

necessary data entry capapj}ities for implementing this function. o \\i

- _ " 3.2.6_Assignment to Supplementary Skill Training at Course Entry
0 Lo R .
: ~ The system shall be capable of identifying those students
“» - with 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 subsequéntly be assigned to students in accordance - ! ,
‘with hierarchy and resource availability constraints established in*the g
~ GMI/CAI data base by course managers. : . ‘ | B

3;2.7‘ Additional Resource Management\Considerations

o ‘Based on information entered into the CAI/CMI data base, the

systen shall track which resources are required for each lesson, if they

are available, and where they are located. Managed resources can include

¢lassroom spaces, lesson materials, media devices, work stations,

simulators, and other training equipment. The system shall be able to

assign and direct students to training resources outside of their assigned

learning centers, to allow effective sharing of resources by students

in several learning centers. = “ | \S

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 options as possible open for the students, and (3)

" make efficient use of available resources. Students shall be assigned ‘

" to the learning centers with the highest percentages of available space, \ B

and shall be assigned to blocks in such a manner as to optimize “the * =
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. « : o \ " -

. The computer system shall base the above managenment decisions on data

~entered into the on-Tine data base. Once a cburse version is operative,

~ training management personnel shall be required to enter only courge
‘changes as they occur. These include changes in the course struci%re \
(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 changesishall
be “entered using on-line programs and shall take effect when entered.
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at an interactive®terminal. The average response time,
of a request to completing printout of a roster, shall not excéed two

\ 3;3 S'UJENT PROGRESS MANAuEMEVT

The system shall support management of a tra1nee S progress through “
-a self-paced individualized training course. These capabilities shall

range from lesson scheduling to progress prediction and management.
Both the student and the instructor can be informed, at any time, as to

- the student’s progress-—ahead of, behind or on schedule.

3.3.1 Scheduling S:gggnt Entries Into The Course | .

At the end of each tra1ning day, the\§ystem sha!l 1dent1fy
the number of vacancies in each course operating under ‘the” sys tem. This
information will allow the student squadron qr othgr administrative

- authority to effectively plan and program course entries and m1n1mxze
- student delay awa1t1ng tra1n1ng. \ \ .

L
v

3.3.2 Graduatwon Forecast:ng\‘\ e

The syotem sha]] as part of the student 1tor1ng and
managerment process’ (Section 3 3.3), predict .the date on\which a student

. will complete the course. Learning center rosters shall\be available

on request, and shall identify students and their predicted aduat:on

dates during the date/time interval specified in the training\manager' s

request. The rosters shall be available in printed form, and\for Yisplay
%rom submisston

(2) seconds per student. The system shall also, on request, yenerate

- ‘graduation reports for the local training center personnel office.

These reports shall be generaued on the centra] s%te line pr1nter.

. The system sha\] be configured to fac111taee 1nterface direct]y with
the tra1n1ng center personnel mapagement computer system. To 1mp]ement‘

- this fun tion, the Air Force wi specify the format of the data and

the medium in which the training tenter personnel computer will receive

the required information. Any required changes to the training center.

personnel eomputer software w111 be accompiished by Air Force personnel.
3.3.3 Mon1tor1ng and Management of Student Progress to a Target

The system shal] determine a target progress rate for each
student. The rate for-a student shall be used to geherate a ‘targeted
time for completion of the ‘course 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 completign date shall be calculated based on the target
progress rate, expected s ﬂth length, predicted days the student will

be in class, the student's performance record, and the percentage of the
course remainipg. 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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receive feedback on the student s actual progress rate reTatwve to

-targeted progress rate. The s tudent shall be given information, on ,
the first status report’of each training day,. that willl let the student
, determine how actual progress to date compares with: predicted progress.\

" 3. 4 SUPPORT “FOR GUIDANCE AND EGUNSELING

-
X

The sysﬂém shall pr0v1de computer generated reports to 'support -

i student guidance and counseling by instructors and course management

personnel, If the necessary tests are included in the pre-cqurse
,assessment,” the reports shall identify entry skill deficiencies as well
as deficiencies in within-course performance. - The 1nstructors will
determine which students are to receive coynseling, and can retrieve.

. from the computer both the.background characteristics and within-course -

performance 1nformat1on needed ta support their guxdance and counsel1ng
act1v1t1€s. . . \ o
“ o o
3.4.1 Ident:ficatﬁon of Students Needwng Spetwéﬂ Attent1on at

 Coyrse Entry L

*

The system shall 1dent1fy students@redlcted tu be prcﬁcient

-

13

" or deficient with respect o mastery of course or training obJect1ves

specified by course personnet, "This identification - -ahd - reporting is
initiated at the beginning of the training process to focus instructor/.

v management attention toward students most in need of speC1al tra1n1ng

procedures, guidance, and counselwng. L e

The 1dent1f1cat10n process shall produce computer generated 11sts
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 on the pre-course critical entry.
skill variables (e.g., reading, math, or study skills). A second '
‘report shall provide -individual scorgs for all students on those -
variables identified as critical entry sXills, andgsshall also flag .
deficient students and their frelated scores. ‘These reports shall be

) ava11ab]e for display at the 1nteract1ve terminals. . w*ﬁ“

3.4.2 Identxflcatinn of Marginal Student Perfcrmance

?

E B
The §ystem shall produce reports identifying and reporting ‘

‘ students pred1cted to have difficulty mastering further training

objectives based on recorded within-course performance. The reports
shall be available on denand and utilized to direct timely remedial/ . -
counseling assistance to studentd most in need.” The system shall be
capable of assigning those students identified as margipal to

>

- ‘specialized remedial training (e.g., to special instructor tutorials,

remediation sessions, or special skill tra1n1ng for correct1ng learning N
or study skill weaknesses). R

The system—generated reports shall incfude a list of‘thb;e students

RN
]
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" The Yesson materials can include text, .questions, graph1cs, and-.special

£

- -~gxchanges via special ‘purpose programs. - Student interactions--are-—--

3. 5 COHPUTER-AIDED INSTRUCTIO'\I (cm)
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pot meetrng predeterm1ned 11n1ts of satisfactory predxcted progress
' rates, or scoring below the training managerﬁs ¢riterion levels for \
» trainjng objectives. They shall include actual time-and score data. .
The students below ‘the course-established minimums for ptable per-
formance will he fﬂaned as possiple candidates for elﬁmin§t1on or .
‘other estab11shed admin1strative aet1on v

2

Lésson materwa]s cen be entered 1nto, stored. in, and retr1eved and

« delivered by the computer system. When assigned by the. system and

requested by the student; they can be displayed at an interactive termihal

.. purpose _programs. Student interactions can range from a simple "turning
the pages” type of program through very snph1st1cated “interactive SR

“~d

principally via a.terminatl’, keyboavd,aqﬂ, 1f appropriate, via a touch
panel, ]ight pen, or other dev1ce ! Q \

.0
¥

3 5 1 CAI App11cat10ns ‘ ?\ T o N ‘;, oo g
* The CAl provided by th1s system shaT] support at Ieast the ‘

, fo110w1ng°f1vegCAI §unct1ons for use in Air Force res1dent techn1ca1

tra1n1ng. :
) - ’

L3 ‘ ’
0 Drill and Practice, with correttion and gu1dance of bas1c sk111s
and knowTedges 1earned via other media; -

_1“0 Tuterﬁal--use ‘of CAl For lessons whwch are partlcu1ar1y d1ff1 1t,
Simulat1on-~use af soetial purpose~programs to s1mu1ate equipment ' .
opefation or mawntenance processes, ! . . ‘ S

° ReV1ew and Remedlatien-—use of, CAI to quickly raview the\content ,

of a.block prior to a block test or to remedtate fa11ed obaect1ves\

i foﬂewing a tﬂock test failure; and |
‘a~5" Study Skil ——use of CAI to teach specific study skil]s to students\
. who.are de c1ent in these areas. — : » |
o ~x.'352 CAI“Capabihtles n L T
Sl e - o - Lo

- A CAI 1esson shall consist of a series of frameS‘ or equi v-

. alent means of f_storing and presenting 1nformat10n The system shall

- support at Teast the folTlowing types of frames, or. their equivalents:

‘E:yg ‘text frames that can conta1n at.least 4 pages. of information (a page can
Q8 contain at least 21 Yinés); question frames; *and documentation frames
9 .which the student cannot access.. The documentatwon frames are reserved

for coutse ‘authors to’ irecord deve]opment status data. The system shall
provsge for at least 100 obJectives per Tessbn and Y00 frames per .
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*objective.

- The system shall §upgﬁr£ CAI lessons of varying\levéls of sophis-

. _tication. The basic CAI Yesson-will consist of text presentation, dnd

o .

will allow response to multiple-choice and true-false questions via a

~ typewriter=like keyboard., The system shall be able to provide feedback .

messages spegific to the findividual student's responses and nunber of

attempts on the' current gbjective. The system shall also allow branching’. -

to any available framgQ‘\grgssingsthe"current\obaective, or to the first
frame of any other objective within the lesson. The lesson progression
shall be adaptable to the student's-responses. The branching selection

- shall allow branching to any available frame addressing the current
. objective or to the first frame of amy other objective within the.lesson.

The lesson progression shall be-adaptable to the student's responses.

~ or filmstrip presentations, control .of audio tapes, ‘and
“based on_the CMI' on-line data base (e.g., ASVAB or AFQT scores, pre-

The»branching selection shall be based on the student’s prior respgnses/
performance within the-tessom e e

\ For more sophisticated CAl lessons; the system shall support

graphics presentations,*color displays, student entry of constructed

responses (open-ended- English answers), contrd?t of suppltmgntary slide
daptations

course assessments, and wi thin-course performance-data). The system
shall support the audio tape player and the projector via an external
computer-controlled jack on the interactive terminal. To faciljtate
student interactions in these CAI lessons, the system shall support the’
usual keyboard inputs and shall also support an additional device such

as a light pen or touch panel. To facilitate preparation of graphic ™"
gisglays,‘the system shall support a digitizing tablet. or equiyalent

. ev.'ce; . . o . N \ ‘

The system shall have the capacity for on-line mass storage of a-
minimum of 150 lessons, available for immedjate access. The lessons
are assumed to average three objectives per’ lesson, 60 frames (or
equivalent) per objective, 2 pages per frame, and 15 lines per page.
(average line length, 60 characters). Lessons in daily use shall be
available on the sysfem at.all times, with no more than a ten (10) second
delay in initiating student access. Wihen a student has indicated com- - ~

" pletion of a frame, the average time for the system to determine and

Jnitiate the next display shall not exceed three (3) seconds. The ot

* average time to complete the display shall not exceed twelve {12)
~ seconds. . . C o \

V' Inactive lessons which are stored off-1ine shall be recoverable for

Aormal on-line accessibility not later than the start of thé next -training
day following the request for rgstoration.‘ :

3.5.3 On-line Learﬁ%ﬁg\Pfocess/Speciali;ed Skiil Training ,
- QThe CAI system shall support presentation,\to\either‘studénts
‘>q®{\;\ o ‘ \

»
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\\ “skills to 1nstructors.

+

‘N

or instructors, of speXialized training in interactive formats. This
training may 1nc1ude, for example, materials. des1qneq“to teach study
habits and skills, test taking skills, and memorization skills to
.students, or to teach diagnostxc, tutor1al, authoring or counse11nq

n
!

3.6 CMI DATA BASE: AN& CAl MATEREQLS PRODUCTION AND MAINTENANCE

y To ef ectlvely perform\CAI{CMI training fungt1ons, the system’
_must be informed as to. the trainees (riame, social security number,

K} course, etc.), the course structure (tests, lessons, resources, allcw-

&

~ able sequences of lessons, etc.), and student performance (Iessons
tompleted .test scores within the current block, block,completion times,

. etc.). In the case of GAI, all of the lesson 1nformat10n (text, ’
questzons, graphics, branch1ng instructions, etc.) must be stored with-

" in the compute ystem . The following paragraphs describe the
requirements for entering, st0r1ng, and maintaining these types of

- 1nformat10n. : ~ ’ o \ N

3 6. 1 CMP Coqrse Definifzon Data Base. . S T {v |

]

. The system shall provide the capab111t1es ‘which, wziT allow.
~training managers to enter the course structure into the ‘system. The .
program(s) shall run, on-line--i.a,, a training manager shall be able to
“use an interactive termznal tp‘durect]y enter, store, display, and change

N
®

course related, information. To facilitate use, the on-Tine system shall . |

::x usé graphics to display the course structure (i.e., the allowable paths .

through the lesson mater1a1s); andlthere shall be an on-line. capability

to access eath file in the CAT/CM ‘data base. Add1t1ona11y, it shall nut‘\

. be necessary for authors to be familiar with any proqrammlnq language
\ in order to- use these capabilities effect1ve1y \ ‘

\3 6 2 Automatvc Val)dation'of Course(Data Base Inteqr1ty

oo Before ar new course or conrse vers1on is implemented,
necessary 1nfnrmat1an/descr1pt1on relative to all of the blocks, }ESSQns,

© courseware, and tests in-the course must be entered into the data base.
.The system sha11 1nc1ude one or more computer programs for determining

~if all reQu ired data base records defining the.course are present and
consistent. The program(s) shall be.designed to facilitate use by
authors and shall not requiré knowledge, of a programming language. To
the greatest, extent possible, the program(s) shall update the on- -line
data.base, if.this capability 1s enabléd by the training manager. The

. program(s) shall run in not more than fifteen (15) minutes in validating
the data base for a course. = B S

N

3 6.3 Production of 0n—L1ne Tests ) V Lt

The CAI system shall 1nc1ude the capabllity for on-lwne test-
\iﬁg. Th1s shall be implemented via an_on-line test 1tem editor, or



. \ : )
~equivalent capability,.for entering t
and the necessary control information
author to enter test-items by typing
' and shall also format the questions f

wa

¥ L]

est questions, their alternatives,

. This capability shall.allow the "
text at an interactive terminal, -
or the author and allow the author

to decide whether or not to (a) randomize the presentation order of

_ the test items and the alternatives w
" number of 4ttempts the student can ma
student feedback messages to follow e

; +3.6.4_ CAI Authoring -

ithin test items, (b) control the
ke on each item, and (c) enter
ither correct or incorrect answers.

*

: : Ihe system shall provide an nn—!ine'tAI authoring editor, or
. equivalent capability, which shall assist in $tructuring the. authoring

tasks. ‘This capability.shall provide

standardized formats for text and

question frame®, and shall provide the capability to copy or share text R
" frames, questians, and graphics between lessons. A users manual sttt -
be provided for the CAI production process. ‘Additional instruction shall

be displayable during the authoring p

rocess via a HELP request. The

HELP information shall include operating instructions for the program,

. plus guidelines for greferred instruc
shall be-simple enough that an author
experience can learn to use it in not
'shall have access to any frame in any
system security constraints.. Student

tional practices. This capability
without prior programming e
\more than two weeks. An author
lesson that is allowable within

s shall not be able 'to access -

Tessons in the -author mode. Additionally, the program(s) shall provide \\,
capability to readily change any of the course materials storgd in the. «

" v

on-1ine Hata base.

3.6.5 Producgion of Off-Line Materials

“ 1t shall be possible to use the syétém in producing tests

\aﬂdxinstructional materials ‘which are
“programmed texts). Programs shall be
reviewing, and revising the tests and

intended for use off-line (e.g.,
designed for use in wniting,
instructional materials and for

printing the final product in a format ready for reproduction. It shall

be possible to print a limited number
early reviews and small group tryouts

of copies in order to facilitate
. This system capability shall

also facilitate conducting snfall group-tryouts ‘on-line, and shall be
useable for acquiring information on the students' reac;ions to in-

structional materials. |

5 3.6.6. Productibn and Maintgnance- of Course Documents ' .

ST . An interactive cababi?ity stmila
© * {tems and CAI authoring shall be provided for developina, storing, main- |

SRPTS
L

-

r\}o that pruv%ded fqy‘test

taining, and retrieving course documentatdon such as Plans Of Instruction

\\(POIS), course charts, and lesson out

Tines. These documents shall be »

available at any time for review or revisTon, and Timited numbers of

‘copies” can be printed as meeded.

3

*
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3.7 ‘INFORMATION RETRIEVAL AND REPORTS

Information rklative to the braxnees courses, course mater1als,
tests, test items, and other components of the system shall be stored,
‘and available. for periodic (haurly, daily, weekly, monthly...) analyses

and reports. These functions are intended principally to support in-

structors, managers, and administrators.  They can be valuable to in-

- structors involved with course management and student guidance. They
can also be valuable in providing an effective qua11ty control mechanvsnh
for improving the management and adm1n1stratton of training, and
evaluating and’ improving the process of training program development and
implementation. A report requested at a terminal shall be provided to
the requester only if secur1ty.requ1rementiﬁfgr;access.to the requested
information are sat1sfied .

.3:7.1 Reports for Instructors.

Data shall be co]lected stored ~and made available in
reports structured to meet instructor needs. The reports shall include

- but not necessarv]y bé timited to the following: student rosters,

individual b]ock progress reports, individual biographical reports, and
absence summaries for learning centers. They shall be available via

. either, the. 1nteract1ve terminals or in prlnted form. The instructor

~shall a]so have access via the terminals to all other student data not
“included in the above routine reports"but subject to estab11shed secur:ty
constra1nts o .

3 7 1. 1 Learn1ng Center or C]assroom Rosters The systen

“shall b%ovwde, on request, via either an interactive terminal or in

printed form, at least four types of rosters: resource, assionment, time
‘management, and homevork. The rosters shall include social security .
nuribers and names for the students included on the list. ‘The resource
roster will 1jst ‘those students in the learnlng center who have resources
assigned to them, the types of resources, angzthe learning centers to
which the resources are assigned. The assignment roster will list the

~ current training activity assignment for each student by Tearning 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 honework rosteg will identify the amount of the

~ course completed to date and the proportion completed through voluntary

homework for individual‘students by learning center. After the terminal
~has transmitted a roster request to the central site computer, the *
average processing time per student shall not exceed one (1) second.

-

3.7.1.2 Individual B}nck Progress Reports .The individual
b]ock progress report will summarize student progress for the block
specified. The information in the block progress report shall® 1nc1ude
at 1east the following: \

® Lessons completed in the blocks S L

]

AT
=

- | w15y ‘
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© Numbers of attempts, and scores on each attempt, for each lesson
~and test; . - X o c o
.0 Objectives—fajled on each test; and 1f o B - g

»

. , 0 ‘ ' - . N ) ’ . R R
, Time spent on each attempt and total time spent in thﬁ;ElEEEf‘““

3.7.1.3 Individual Student History Reports. The individual
- student history report will includé 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, and any lesson
objectives that were failed more than twice. f .

. 3.7.1.4 Absence\Summary; 'The\absence~summafy shall be .a
block-by-black summary of the absences reported to the system and shall
__be capahle of replacing manual absentee reporting. It shall indicate

long the abgences lasted,sand the reasons"for the.absences. .

3.7.1.5 On-Line Display of Student Data. Capabi]ities shall
be progided;for‘retrieva1 and disp)ay\oﬁ,available student information in
response to requests which meet security requirements: o

1 .
3.7.2 Training Management Reports

The following informétion, intended for use by training
managers (shift supervisors and above), shall be provided in the. form
of standard reports\avai1ab]e on request to authorized users:

B

% Students awaiting training, by course;

ey

0 NumbBers ‘of students in training"by\ccurse, learning center, and
. Technical Training Center; o

0 pistributions of completion times for individual blocks;

.

O Distributions of course comp1eiion times; - ¢
Differences in student perforhance between parallel learning
centers* or Technical Training Cengﬁrs; :

Ihstruﬁtiona] resource (e.g., facjlities and training devices)
uti]ization; : \ ‘

Utilization and qualifications of instructors; |

* Learninggceﬁters aré "parailé]“ if thé same course content is
taught in the centers, and are not parallel if the centers teach

different content. - .,

IR A PE

. X " ] - e ; Y N

when the student was reported absent, when the student rétufﬁ@ﬁ;jgﬁr““““*““\w T
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0 Summary reports of student comp1et10n times and f1na1 grades, by
~ block andkcuurse, and

3.

\’ig

- which summarizes student performance on individual lessons within blocks

" Summary reports of dwsenro11ment and e]wm1nat1on data.

7. 3 Cour'se Eva]uation*Summary

Ihe system shall include a Course Eva!uation Summary (CES)

and for entire blocks. It is intended for use in monitoring and

evaluating small-group tryouts of new materials as well as student per-

formance on established materials. The CES shall, contain at least the
fallow1ng itams of 1nfbrmat1on \ ) \ . o

"0
0

0,

_ The CES shall be a batch mode report. - An on-!ane program shall be
\ provided however, for submitting requests for the CES for off~sh1ft

F;rst&a;tempt 1esson and block test socres;

v

‘Fiha]°1esson and b]ock test scores;

Means and standard devaat:ons of f1rst-attempt lesson and block
- test scores; R

Fl

Neans and standard devaat:ons of final 1esson and block test
scores, . ‘ .

Heans and standard devaations of f1rst-attempt lesson and b fck
times; . ]

Means and standard dev1at1ons of 1esson and block completaon

‘Separate score and time data for alternative modules within
\1essons,

Score data by objective within_ lessons;
First-attempt lesson failure rat®s;
First-attempt objective failure rates;

\Correlatzons 1nd1cat1ng the relat1onsh1p between predicted and
actual lesson and block times and scores; and .

Sumarized data on lessons, modules and objectives with first-
attempt failure wates above a specifiable percentage.

pnocessing

* Y
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3.7.4 Tést\Item Evaluation Report

) ~The system shall provide a Test Item Evaluation (TIE) veport
that provides detailed information on the characteristics of block and
1es§on tests. The TIE is intended to support evaluations of test.

. reliability and validity. The TIE shall include at least the following

items of information: R :

. © The numbers (or percentages) of students selettiﬁg each alternative
answer to test questions; \

O percentages of students answering questions correctly;
© Average test score of students answering each question correctly;
Flagging test questions missed by over 70 percent or by none of
the students; - \

Item-remainder correlations for each question;

Means and standard- deviations of scores for each objective and for
each full test; \ ‘
Distribution of scores on the full test;

o\mph:;\ reliability coefficients fdf each objective and for the
full test; and . ' \ .

ertgridn-réferenced 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 ﬁgquests‘fOr off-shift processipg.

-

- 3.7.5 CAI Evaluation Data '
. o \ ! i R RN | R T
. Detailed quality control and evaluation data shall be
collected by the CAI system, This information shall include at least
- the following items; \ X \

° Percentagés.of students ¥selecting each alternative on each - .
TS question, by attempt number (first attempt, second attempt, etc.)}

% The &eaﬁgvand standard deviations of times to respond to questions
and times to read text passages; . | \

'y ) ¢¢ » : ) \ - ) N
9 Lists of unanticipated responses to constructed response
" questions; - - \

0 Lists of open-ended student comments regarding the CAI lessons; o

) -
L hd #

1 3
L ¥
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-? Detailed records of students' path3. through CA%KIesséhs; and

© Summary statistics on major units fof CAI lessons, such as times
to complete and cumulative scores. \

requesters in batch mode reports. An on-lfine program shall be provided

This information from CAI lessons shall be available to authorized
to submit requests for off-shift processing of these reports.

3.7.6 Course Development Management kéports
\ . . 7

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 as 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 Reportinbx\

The system shall include a report which describes a student's
performance levels in completed technical training. This information
is intended principally for a student's supervisor in a post-training
duty assignment, .and.for Field Training Detachtent (FTD) or On-the-Job-"
Traiang (0JT) managers who need reports of individual student perfor-
mances (e.g., scores and times to complete) in resident technical train-

ing or other in-servite training.

3.7.8 Special. Purpose Reports - L
Because standard repgrts will not always satisfy all nmnage4
ment and administration requirements, the system“shall include an open-
ended information retrieval system that_can be uskd to answer ad hoc |

- queries regarding students,.materials, and training effectiveness. The -

user shall be able to specify the variables which he wishes %o examine,
e.g., types of students or courses by specified time periods. The o
output shall consist of the number of pertinent cases identified and the
~ mean, standard deviation, and.range for each included variable. This
basic data retrieval program shall also be interfaced to one of the \
standard packages of statistical programs such as the Statistical Package
For The Social Sciences (SPSS) or the BMD Biomedical Computer Programs,
to permit extensive analysis of student data. This data ret ieval/
. analysis capabi]i*y shall be a batch mode function. An en<Tine program
shall be provided1 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 management 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. -0 -

. ‘The computer system sha]l\previde a capability for modular buildup
to the terminal configuration necessary to meet the fgzi::anal require-

ments and assumptions in Section 3.0 of -this specificatjon. The system
shall operate on-1jne for two eight-hour shifts, five days per week.
Batch operations will be carried out during the remaining hours or

during weekends. e . I
o ST ra 2
4¥1  MATNFRAME AND PERIPHERALS - ’ |
The central computer system (i.e., mainframe and periphera]s in- | o,

cluding any communications network processing unit) shall be ¢lustered
and housed in a room as centrally located among classroom buildings as

is practical.~ This room shall be a central point for printing CHI .
records and administrative reports and for performing sbftware main-

} tenance. o : o \

N ~ The central s}stem shall represent the mimimum configuration con- :

.sistent with meeting the requirements of this specification. High speed
communication between two or more processors of the sarf make and model
shall be possible, to allow for future expansions that mfght require

- _@iTtipie central processors. Consideration shall be given to selecting
a computer that does not require such special environmental conditions
- as chilled water and humdification. Sufficient air concitioning and a
raised floor shall be installed with the system. o o

- 4,11 Centra) Processor -t
b : L \ . : ) * - o )
: ~ The, processor shall be.capable of simultanecusly supporting .
at least the number of student, management, and administrative teMwrinals <3

~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 line insertions, deletions, and
i replacenents shall be accemplished in an average response time of not
‘«Mdre than one (1) second, and more complex on-line operations such as &4
i file 1/0 shall be accomplished in an average response time of not more
| than three (3) seconds. o x S

é An instruction set supporting at least integer and floating point L
arithmetic, string, character addressing, branching, logical, looping, -

»
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and assignment operations shall be provided. Instructions- vr groups
of instructions shall also be available to implement array substripting
~and record addressing. ~ | o x

At least the following peripheral devices shall be attachable to

" the central processor: high speed mass storage devices, off-line storage
devices (e.g., tape drives?, line printers, and an 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 shall exist,
to. insure that transfers are successfully and correctly accomplished.

\\ The processor shall bg\capab1e of supporting batch proﬁessing, put
‘not neéessarily waile supporting on-line CAI and CMI operation.-

e e we e

© 4.1.2 Central Memory ™\

Sufficient central memory shall be provided to gupport the
terminals and produce the response times dictated by the functional
requirements of Section 3.0 above and by Section 4.1.1. Anj type of
central memory (e.g., core, MOS, bipolar) shall be acceptable, provided
the required response times and validation requirements are patisfied.

\ 4;1f3 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
in -the event one device malfunctions. Yhe mass storage transfer rate

plus overhead shall be sufficient to .accomplish the required response
times. \ )

Channels attached «to the mass storaye devices shall be capable of
accomplishing input/output (1/0) transfers at sufficient rates to ful fill
the response time requirements of Sections 3.0 and 4.1.1. o

4.1.4 0ff-line Storage

| - Off-1ine storage shall be\provided to support the functional
requirements of Section 3.0. For backup and refliability purposes, this
storage shall be accessible via at least two off-line storage devices.

The eff-line units shall be accessible for backing up information -
. from on-line storage devices and for recovering informatiop which has been
temporarity stored off-line to lessen the on-line mass' ‘storage require-
ments. Off-line storage shall be sufficiently accessible to fulfill the
. requirements for recovering archived CAI lessons (Section 3.5.2 above).

* N L &
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/4.2 COMMUNICATION SYSTEM R

~mogularlyggexpandable. to handle additional terminals.

4.1.5 Central Site Printing . S
: . o

- .Capability shall be'provided for printing such information
as classroom rosters, course evaluation summaries, tes{ item evaluation '

- summaries, selected student information, CAI reports, on-line and off-.°

1ine course materials, software grogramsi and computer maintenance
information.: One or more central \

the 128-character ASCII set shall be provided. With an even djstribu-
tion'of all characters, a minimum rate of 500 lines/minute {128 ,
characgters per line) is required. o .o e

4.1.6 Computer Monitoring | | |
A method and\équipméﬁt shall be provided to furnish compqﬁer

eripheral ‘device information, initiate diagnostics, and:
itor and control the operation of the entire system.' -

C s s Cwesan N ) R R R

Communtcation 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 syt tem shall be
capable of supporting 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 be modularly, expandable.

beyond the minimum number of terminals required in this specification -
even though the software and hardware system is initially configurgd\

- for that number of terminals. \ s

4.2, Computer/Network Interface ' | \‘
- . : v

be\ablefto transmit data to and receive data from the total number of -
terminals required by this specification, and the electronics shall be

-
»

The computer electronic ports for system terminals shall meet.

~ jndustry-wide standard interfacing requirements. The network processing

equipment shall have the capability of detecting and ‘torrecting trans--

fer errors on characters and control codes received from the terminals.

Fof tfansmitting data between the ccmputér and terminals at -
locations remote from the.central site, the most cost effective method
shall be-provided. o . - :

4.2.2 Network . . Sy

t The network shall consist of dedicated voice gréde lines,

~ configured to provide the data rates needed to satisfy ‘the functional

-~ -

\tf .
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sité Tine printers capable of grinting

The netwﬂrk proéessing ﬁardware at the computer\Site shall . .



"i Bulk erase capability shal] be prOV1ded

requicemencs of this scecificationl |
) TERMINAL svs*nsn R N .

. The terminal system shal] be ‘composed of a mix of types cf -
termwnals and other devices that 1nc1udes-

(1) alphanumerlc, graphics, and co1or display types of term1na1s
for studcnts and adminlstrative ‘use; and S
(2) management 1/0 dev1ces to provide the requ1red CMI functicnaI\
© - capabilities. ! \ 2
This compatible set of dev1ces shall be located in or near.class-
rooms, and shall be capab]e of remote operation with the central

. computer.

»#'3" Genera] Characteristics

. Al disp]ay terminals se19cted shall have the electronic,
_display,, and keyboard characteristics as Tisted in Sections 4.3.1.1,
'4.3.1.2., and 4.3.1.3’below. Manage@ent devices shall ‘conform ta Section
4.3.1.1. \

.
¥

>

4 3.1.1 Electronic Cha?acterist1cs. Each terminal shall bc
capable of sending and receiv1ng data at selectable industry-standard.
“rates. Transmission Shall 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 terminal ghall be .

. edectronically interchangeable with any cther at any comnunicatlons

port - . \ ‘ | .

. 4.3.1.2 Display Characteristics. Each disp]ay terminal
shall prov1de 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 alphabet,
numbers, and ‘punctuation shall be available. The cursor shall ke
controllable so that it can be located to any position‘on the 4

0 4.3.1.3 Keyboard tharacter1st1cs The 'eyboard@on each .
d:splay terminal shall be in the standard QWERTY fofmat for alphabetic
characters, with numbers and punctuation keys also/gvailable. All keys/

- must be p1a1n1y and permanently marked to identify gharacters ﬁhd/or

»

;functions controlled. \ :
s o o .

A
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4.3.2 Student and Administrative Terminals L

A mix of alphanumeric-only, alphanumeric/graphics, and
a]phanumer1c/graph1cs/co1or terminals shall be provided for student and
administrative use. The numbers of ‘terminals of the various types shall

be sufficient to provide the functional capabilities described in Section

3.0, and shall meet_any additional requirements imposed by character-
istics ‘of 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 deviee is instructionally deSirable. The resolution provided by - -
graphics terminals shall be sufficient to accormodate the course
materials to be implemented. Color terminals §hall provide at least .
eight different colors, including black and white, with color available
for fqreground letters-and figures and for background. An option to

fill colors within graphics polygon boundaries is desirable. In addition

~ to the keyboards provided for student and instructor interactions, the

....system shall also support a device such-as. aylught,penhnr.tnuch_panel

to facilitate interaction with graphics displays. To facilitate pre-.
paration of graphics displays, the system sha]T support a dngthing

tablet or equiva1ent device.

4.3. 3 Management Dev1ces o

-

Managemént 1@95 in types and numbers suff1c1ent tn sat1sfy
the CMI requirements descplibed in Section 3.0 shall be provided. As

»ﬂecessary to meet the instructiona¥ and administrative needs, these shall
“include devices to read forms, to print student assignments and class-

room operations veports (such as rosters, -absence veports, and regis-
tration data), and such other devices as may be required and cost

_effective for the aes1g%?ted installation site. -

<

program shall be adjusted

* \ ) .

4.4 RELIABILITY | R

B SN,

SASE IR L S WS S S S e

»

. An effective fe]iabi]ity\prcgram shall be\established and maihtaf%ed;
within the general intent of MIL-STD-785A. This program shall include )

failure reporting and desgﬂg changes to correct pattern failures. The

suit the types of procurement and equip-
ment, and shall be d1rected‘toward maximizing the mean time between..
failures (MTBF) for individual equipment items. System reliability sha]l
be sufficient to meet the availability requirements of Section 4.6.

4.5 MAINTAINABILITY '

A maintainability program sha]] be establighed, within the general
intent of MIL-STD-470. This progwam shall incorporate a maintenance
concept intended to m1n1m1ze the mean time to restore (MTTR). System
MTTR sHall be suff1c1ent to meet the availability reguwrements of \
Section 4.6. o \ 4 .
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o s \#;i. \ System avaliabllity sha11 be defined as foI?ows. \;{ \ F." L
et 1’ »; System Intrwnsvc Ava11ab1l1ty MIBF / (MTBF + MTTR) .o
< "\ where‘MTBF ?% defined as the system-mean t1me between failures (1 Tay . B .
" the MTBF. resulting from’ ‘combining the MTBFs of all the indiyidual equip- . - . . |
. ment, items), and MTTR is. defined as the mean time to restore the: system . E

aftér & fa11ure to any equ:pment 1n the system. . . . s L
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) fff\\i The System In ins1c Ava11ab111ty fbr the low-ccst QAI/CMI system B o i
oL shal] be. at 1east o o :
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