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PREFACE

This is Volume III of the Cost-Effectiveness Specification for
Computer-Based Training Systems. It is part of a three-volume set which
corresponds to the three phases of a training system's life cycle (Volume
I - Development; Volume II - Procurement; Volume III - Operation and
Maintenance). An Executive Summary document is included which provides
the reader with general guidance and instructions on how to go through and
respond to the various parts of the specification. This Cost-Effectiveness

Specification was developed for DARPA as part of Contract #MDA903-76-C-0210.

Dr. Harold F. 0'Neil was the Technical Monitor.
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INSTRUCTIONS

The purpose of Part A is to describe some of the charvacteristics of
the computer-based training system and to identify the individuals
who are using this specification.

(:) Print the name or descriptive title of the computer-based training
system.

(:) Enter the year which represents the system's current life cycle
status. Indicate which year of the Operation and Maintenance Phase
you are in by entering the date in the appropriate space.

Check the type of hardware configuvation supporting the system.
Enter the maximum number of time-sharing students per system.

List the courses taught or supported by the computer-based training
system.,

Enter the number of students who are served by the system in each
course, and in all courses per year. ¢

© ® ® 6 ©

Print your name, job title, and organization. b1
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SYSTEM DESCRIPTION

Computer-Based Training System

System Life Cycle 15t Yesr 2nd Year 3rd Year 4th Year Sth Year 6th Year 7th Year 8th Year
Phase |11 - Operations and 9_ _19___ 19__ _ 19_ _19__ 19__ 19__ 19__
Maintenance
Configuration
D Stand-Alone l:] Remote D Combination Stand-Alone and Remote

Time-Skaring Capacity

®

Courses Supported by System (Specity) No. of Students
Per Year

Total

Your Name Job Title Organization
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Part B
GENERAL COSTING ASSUMPTIONS AND DEFINITIONS
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Part B
GENERAL COSTING ASSUMPTIONS AND DEFINITIONS

OPERATION AND MAINTENANCE PHASE

Activities related to the daily operation and maintenance of the computer-
based training system over its projected life after its official acceptance.
Operation and Maintenance costs are all costs (in-house and contractor),
irrespective of how funded, including replacement training for site perscnnel,
administration, instructional delivery, etc. These costs include the

following components:

o Equipment. The costs associated with operating and maintaining
the hardware (all parts and equipment necessary for the system), including
the acquisition of replacement spares and repair test equipment.

o Facilities. The costs of operating and maintaining the facilities
which house the operational computer-based training system.

e Software. The costs of operating, maintaining, and modifying
computer programs which support the training system.

e Instructional System Development (ISD) Activities. The costs of
performing all activities in the last two phases of the ISD process except
revision of instructional material and tests.

o Instructional Methods/Materials. The costs of maintaining, repro-
ducing, and modifying the testing and training materials requ‘;ed by the
operational system.

e System Management. The costs of managing thg day-to-day operation
of the computer-based training system. This element incluges the costs
associated with any official alteration made to 1 system by accomplishing
a Modification Work Order (MWO), retrofit, conversion, remanufacture, or
engineering change after official acceptance of "the system.

e Other Direct Costs. Any direct operation and maintenance costs not
included in the previous components.
>

COMPUTER-BASED TRAINING SYSTEM

_The application focus of this costing specification is formal, school-
based training. The specification is oriented toward training which is
administered, aided, or managed by computer (hence, computer-based). The
system component costs are distributed across the training system's life
cycle which consists of three phases: Development, Procurement, Operation

and Maintenance.
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CONSTANT DOLLARS

In order to make valid comparisons between alternatives, the cost for
cach alternative must be stated in the same terms. In Part D of the
specification all costs are to be adjusted so that they are expressed in
constant year dollars. Constant year dollars express all the costs expended
in various years in terms of the general purchasing power of the dollar for
a given base year. An estimate is said to be in constant dollars if costs
for all work, both prior, current, and future, are adjusted so that they
reflect the level of prices of the base year. For purposes of this spectifi-
cation, the base year is the calendar year in which the costing analysis is
performed.

If cost data or estimates are available in other than constant year .
dollars, constant year dollars are arrived at by applying the appropriate
adjustment factors. Current dollars reflect purchasing power current to
the year in which they are expended. Prior costs stated in current dollars i
are the actual amounts paid out in these years. Future costs stated in
current dollars are the projected actual amounts which will be paid. Care
should be exercised to preclude the mixing of current dollars with constant
dollars in a single display of costs. Ay cost fiqures provided in current
dollars are to be clearly identified as such.

DISCOUNTED RATES H

Discounting is a technique for converting various cash flows occurring
over time to equivalent amounts at a common point in time, considering the !
time value of money to facilitate a valid comparison. The appropriate
interest rate is used to discount or calculate future costs and benefits so
as to arrive at their present values. Each year's expected yearly cost is
multiplied by its discount factor and then summed over all years. (The
current discount rate specified by 0SD is 10 percent.)

INDIRECT COSTS p

An overhead or indirect cost factor is attached or "burdened" atop
direet costs by each contractor to accou-t for general support and adminis- i
trative expenses. At each Government or sponsor site used during the life
cycle of the training system, an indirect cost factor needs to be established. .
If no specific indirect factor, per site, can be determined, a "standard"
service or DoD rate will be used.

7

INHERITED ASSETS

The use of assets already available (inherited assets) requires careful
evaluation when preparing a cost estimate. The fact that a given system H
component is already available does not automatically equate to zero cost
to the computer-based training system. Each inherited asset must be evaluated

ek

on its own merit and in terms of whether its use in connection with the
system being costed will cause some future expense. If so, that expense 5
must be included in some cost element in the system's life cycle. 1If there 2

will be no futrure expense, the cost of the item will be included in the




total life cycle cost but will be highlighted as a sunk cost. Such
existing assets will be included at their fair market value (as measured by
market price, scrap value, or alternative use) and the basis for arriving
at the estimate will be documented.

INSTRUCTION

An organized, open inform:tion-exchange process in which the student
and instructional agent (human, programmed text, or intelligent machine)
continually interact. The purpose of the interaction is to cnable the
student to reach some criterion of understanding or skill proficiency called
mastery of a given set of objectives. A computer can aid this process
directly by reducing all or portions of a strategy for interaction to an
explicit algorithm or set of algorithms. The computer can also help by
providing accurate, reliable massive storage and retrieval for records of
student progress.

INSTRUCTIONAL SYSTEM DEVELOPMENT (ISD)

"A systematic procedure for assuring application of instructional
technology to course planning and developmcnt.“l The five phases of ISD
are treated in detail in the five volumes of:

Air Force--"Handbook for Designers of Instructional Systems"2 3

Army--"Interservice Procedures for Instructional Systems Development"

Navy/Marines--"Interservice Procedures for Instructiomnal Systems
Development"

There is some disagreement between the Services on how the Phasecs are
numbered. In this specification, we will adopt the Army's terminology
of: Analyze, Design, Develop, Implement and Control to represent Phases
I-V, respectively.

An issue to consider in working with this specification is that the
instructional dnvelopment process does not coincide with the computer-based
training system life cycle for hardware and softwarc. The TSD Phases do not
fit the Development, Procurement, and Operation and Maintenance Phases of
the system's life cycle unless it is a completely new course of instruc-—
tion. For most training, secctions of the course will be designed, developed,
tested, revised, adapted, and integrated throughout the euntire life cycle
of the computer-based training system. (For example, one-third of Air
Force instructional hours are revised each year on the average.)

l"Instructional System Development," Department of the Air Force, AFM 50-2,
31 July 1975, p. 1.1.

2AFP 50-58, 15 July 1973.

3TRADOC PAM 350-30, 1 August 1975.

*NAVEDTRA106-A, August 1975.
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PAY AND ALLOWANCES

The cost of civilian and military personnel paid at annual rates will
be gross pay in current pay tables, plus the Government's contribution for
civilian retirement, disability, health, life insurance, and, where

f

applicable, social security programs. Factors to weight the base pay of

civilian and military personnel will be based on guidance from the Office

of the Assistant Secretary of Defense (Comptroller), "Economic Cost of

ton Military and Civilian Personnel," and recent policies of the Office of [
Management and Budget regarding civilian personnel pay. The latter will &
be used to weight the pay of civilian Government personnel who are directly :
involved in the life cycle of the compuier-based training system. The &
following perceuntages of base pay will be used in computing the costs of '

civilian personnel services:

7 v e e b - i N S i o

e Lagie

-

V Retirement 24.7%
E . Health Insurance 3.5%
Life Insurance .57

The military and civilian pay rates, as weighted, do not include special
ii pay, such as flying pay or hazardous duty pay. These costs must be added
to the rates whenever they are required by the job or location. If appro-
priate, pay should be increased to cover leave and other benefits such as
' the average cost of sick leave taken and annual, holiday and other paid
i leave accruals, plus the average Government contributions for other benefits.

2 T P AR L AT R W Y e e N P

SUNK COST

A cost which is irrevocably committed to a project. Each cost analysis
will make explicit any cost which is sunk at the time the analysis is
prepared. All costs which reflect irreversible decisions will be treated

I as sunk.
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Part C

COMPUTER-BASED TRAINING SYSTEM ELEMENTS:
DEFINITIONS AND COSTS

In this section you are to provide costing information for each element
on the computer-based training system. For Equipment or Facilities, four
items of information are required for accurate costing: the type of device
or unit, the unit cost, the number of units or the proportion of one unit
allocated to the system, and whether or not the units are to be supplied,
operated, and maintained by the government (e.g., GFE) or by the contractor.
If you are a contractor and the units are to be provided by the government,
check the GFE space; otherwise, give the unit cost. Maintenance costs
should be included wherever applicable. All costs should be presented in
the year expended. You should make a copy of the Part C worksheets for
each year covered in the Operation and Maintenance Phase. You can then
easily transfer the yearly costs to the matrix in Part D.

Definitions of all system elements are provided on the left-hand pages,
with examples of how these items are to be costed. TFor Software, Instruc-
tional System Development (ISD) Activities, Instructional Methods/Materials,

and System Management, units are hard to define and unit costs are difficult
to obtain or are not applicable. In these cases, you are to provide as
meaningful a description of the item and its characteristics as possible,
and delineate the personnel and non--personnel costs which were incurred.

If items were purchased, and only total costs are available, enter them in
the appropriate column. To assist you in identifying total personnel costs,
Personnel Cost Worksheets accompany this specification.
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EQUIPMENT

Included in this category are all
a computer-based training system (e.g

memory requirements, terminals,

included are local interface har

receivers, power generating equi
etc. Replacement
and Maintenance Phase. M
before failure and mean t

spares and repair test equipment a
aintenance costs,

ime or cost to rep
of every picce of equipment maintained,

DEFINITIONS

the components of equipment related to
-» the computer and its associated auxiliary

carrels, auxiliary audiovisual devices). Also
dware, telephone lines,

special lines, satellites,
pment, associated te

st and checkout equipment,

re included in the Operation
derived from factors such as mean time
air, should be included in the costs

EXAMPLE
1. EQUIPMENT
1.3 Auxiliary Audiovisual Devices

l Descuiption

[
b

d,

-AZ?MLaquQ;MbM&i&&¢bfL4ud§L 9 s 285 sAS6S

At anee‘mm;ojmﬁ;;;u?m: b

i o No UTIII‘ - “fulal GFE
, l» Ums % Cog ‘ Cost ] I (r')l

My & 348 843

Hop

FZ
<
R

Comguter{s}: This refers to the hardware

required to produce the automatic dat
includes the installed machine or gro
of inpur, storage, computing, control
the mair, computing element to autom

a processing capability of the
up of inter-connected machines
and output devices which use

» either contractor or in~house,
system. It
consisting

circuitry in

operations by means of internally

instructions. Thig e¢lement includes,

capacity storage data channels,

Terminalgs}: Refers to the hardw

portion of the system.

Presentation of processed data or
electronic or electrome

storage and retrieval equipment.

Auxiliary Audiovisual Devices:
presents audiovisual instructional
slide projectors, slide/tape units,
movie film projectors, videotape re

Ay t ey s s Fan

and input/output.

It includes the

instruction by me

chanical devices interconnec
processing subsystem, such as flat panel di

> 1
’ |
14 i i oS : b 1

atically perform arithmetic
stored or externally contr
for example, a central

and/or logical
olled programed
processor, large

are required to produce the data display

> equipment necessary to provide visual

ans of specifically designed
ted with the computing/
splays, projection screens, image datn

This subcategory consists of equipment which
matevial. Included are soch devices as:

film strip and overhead projectors, various
corders/players, etc.
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1. EQUIPMENT Yom
1.1 Computar(s) W
T No. Unit Tatal GFE
Descrintion Unitsm.  *  Cost ~ Cost ()
. . 3 $ ——
b, ot
&
d.
v
$

1.2 Terminal(s)

{To Pt O p 63)

o $ $
b .
e
d.
'R
$

1.3 Auxiliary Audiovisuai Devices

(To Part D p, 63)

. $ $
b,
[
d.
Q,
$

SRl i i il ey

F luk»\’-ir‘mw&{u:m:p.m.wﬁ-}i g

(Vo Part D p 63

o W Tl
ODORT E
ah




ability deaigned to extoend the core wemory of
a computer. 1t way consist of scrial access doevices (C.g., magnetie tape) or
radom accens (e.p., dlse oy drum) or poasibiy extended cove storape (LC8) or “
alitft reglsters added to the wain wemory. The wediuwm is clect ro-uwapgnet te ]
although paper tape could be uned. §
|

Auxiliavy Memory: Storage cap

nggl_}p&gxfg§g§} Divect transmission connectors tinking various peripheral
devices (disc, tape drivers, CRTs, oted) with the compater or {n some cases with ;

cach other.

J

‘f

;

!

3

i‘

5.

:

j

Telephone Lines: Standard pubiic commerciul votee grade channels (wenevally o :

‘ up to 3000 cps) usable in computer-hased tratuing systews, ;
e
é‘? . |
L

L et
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i
1.4 Auxiliary Memory W :
] . No. 3 Unir . Totat l GFE
Description Units Cost Jost { 1)
, ‘
a $ $ -
b.
c‘ !
{ d ]
]
. i
-_— ‘
|
i $
(Yo Pant D p 6y 11
i :
|
1.5 Local Interfaces :
;
X $ )
b, |
{ - .
c‘ £
i
d.
{ Lt ]
[
3
| $
o Pat Y p Gy
o
1.6 Telephone Lines
[} $ $
1 b.
I !
 Rrud
: & L R
B d.
Q. —

ﬁ o

(Lo Part O poad)




Spcpju)_Ljneﬁ: Blectrical commmitceat ton clounmels desipgned to haadle
computer data transuwisston betwesn two ov more polufs, The civeunits are con-
structed Lo transmit baud vates (or bits per sccond) velevant to various prades
of transmission; c.pa., J00-3000 ¢ps tor volee prade clhamnels or up te 50,000
bawd (or higher) tor hiph-speed, wide=band diptital tvansmission.,

Satellites: tavth ovbiting clectronte transmitters desipned as high altitude
means to cover a lavpe peographre arca and to veduce signal intevfevence caused
hy high natural or ma-made structuves. Satelltce Cransmission is typically at
higher frequencies than (s standavd for vecelvers amd thevelore reguives trequencey

converters at veception polnts,

RgpcjygﬁS: Devices at the tnstruct tonal slte desipned to capture the trans-
mitted sigaals to convert thom to (ustructor/stadent psable torm as a basis torv
tratutng matervials.  These include, tor examplo, radtos, TV monitors, gronnd
recefving cquipment relevant to satellite sipnals, ote., along with related
cquipment sucl as antenna, mount, ampl tficrs, convevter, battevies and cable.

Power Generating Lquipment:  Where non-clectriticd avcas (ov minimal power
areas) are used as veceptton sltes clectvical penervating cquipment, ov batteries
are requived to activate vecefvers (ov amplLEV) transmittal sipnals over approa-

priate recolvers .
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1.7 Special Lines

‘ —— . S
L, Descnwian

T R e ey e s 1y

e TRl L b b

No Mg

Total

e+ e Sy s e

————. o e
—— e e e
——— e S — —
—r—— -

o
Py

$

B e,
B e ———
A i n £ Tory Hatiah Y BB D R

| ‘ Uity Cost Cost
- ) a S e s N '
L ( l’ .y I e ety maman TN R i, ey vuny, P ——
? n—mm -
‘ ) , .
¥ e —
b \L
g a——— W v ——
{1
{ e
i | -
: ——
e, HobwtDp an
3 1.8 Satellites
b
a $ $
'.'l' b
i - ==
| N
5.
d
i 3 sy —isas —— R e e e e e — iy
k-
e,
$
e e S
[RETR LTRSS AN wal
1.9 Receivers
& $ $
. PR
b,
. ——— e
‘\\ —
d,
" T e e e
[}
- A ——
$ 4 e g
o Pac D g
1.10 Power Generating Equipment
S m.“mmﬁ_,mm eam [ S s
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Carrels:  Swall onclosures For fudividual stwdy that
flrmly fixed or built luto the structure of the buibdiag,
Steporized wader Facilitios

DA RY

are woveabte, 1
thoy would be

Replacement Spares _and Repair Test Equipment: i subcatepory inehudes
cost of veplacement spave components, subassemb lies repaiv parvts
veplacement purposes in major end itoews
phase of the system's Nife. 1t atwo

requivey tfor troubleshoot tay aud rops

used tov
ot oqui pment duving the operat ional
inchwdes tost cquipuent such as wet ors
tiv ol other cquipuent  component .,

22

PR——

AT

>




e
if,

1.11 Carrals

Year

Descrintion

No. " Unit
Units Cost

Total
Cost

GFE
(v)

eSS s T

1.12 Replacement Spares and Repair Test Equipment

$

{To Part D p. G3)

1.13 Other Equipnwnt

$

{To Part D p. 63)

- .
N Y S YOV e, st grrcai.
Ve I
R it h o gy LYY

$

(To Part D p, 63)
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FACILITIES

hysical facilities required for housing
nts, administrators, and users of the computer-based training
y includes classrooms, laboratories, large group instruction

spaces, offices, individual learning spaces, libraries and other information ;
resource centers, etc. Units should be specified as the number of square feet !

required to house all components of the computer-based training system.

EXAMPLE
2. FACILITIES

2.4 Offices
“Ho . U, Tow GFE
Dewniphan N Umis  © Cent Casl i v

+ Qdinsatiatioe @ Msomlts 840 51710 )
Codin o 390 _SHIL __ i

. Cnidrase Proequarl /s0 " 3.90 £90 ___

L

Included in this category are all the p

the equipment compone
system. This categor

Classrooms: Places within buildings in which training is administered to
students.

Laboratories: Flaces providing opportunity for observation, practice, or 4
experimentation. Included in this category are simulated job settings which can %
be room-size or as large as warehouses, depending upon the particular training E
situation. 5

| 5‘;,'

Large Group Instruction Spaces: Included in this element are such places B g

as auditoria, study halls, demonstration rooms, etc., where large numbers of %
can be trained. 1 >

:

1 who develop, manage, administer, o ﬁ

Offices: Places in which the personne
and support the computer—based training sys

—

tem perform their functions.

\.-—.-_-...

R Ay LA e v T RS
ry

et
g
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2, FACILITIES
2.1 Classrooms I

No. p Unit . Total GFE
Description Units Cost Cost )

e

$

(To Part D p. 64)
2.2 Laboratories

$

(To Part D p. 64)
2.3 Large Group Instruction Spaces

.l $
b > {To Part D p. 64)
- 2.4 Offices

-]
-
“>

$
(To Part D p. 64)

— : W
I e S e, Ko Chaliialion, o T
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L4
Individual Learning Spaces: This category fuciudes built—in carrels and
small cubicles whiclh serve as spaces Tor individuals to study or work by thoew-
selved, I such carveln are wmoveable, they would be classilicod as Bquipmeat . ’
Libraries and Other Information Resource Centers:  Places in which printed
and other Tovms of mediated fnlovmat lon is stored and amvranped Tor ase, lneludaoed
in this element are learuing resouree centevs, dial=in TV and other informat fon
retrioval systoms, ote.,
&
¥

N
Ehewers
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Y
25 Individual Learning Spuces u
T
No. n Unit 5 Totat GEE
Description Units Cost Cost (v)
. $ $ =
b,
C
d.
- —
X

2.6 Libraries and Other Information Resource Centers

$

e e}
1o Pant b n. 654)

. e
b,
=
:. ——
d. — i,
0L
s
e
Mo Pwm D p oy
2.7 Other Fucilities
a $ s —
b, AL,
c,
i,
0.

N

e Ve ian "
g iin mrare e F- e iien
e N

{to Pt p. G
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SOFTWARL
This catepory of the computer-based tratuwing system nehudos syvstoms
programming support, pene al applications programs, diagnost fe and checkout
software, utility programs, ote.
. EXAMPLE o o |
3. SOFTWARL
3.1 Systoms Programs
o . Noo
Pevannnel Moo Pernnel 1ol Lt
Desuptiun Hine Lty . Ul Ut tad h
. f'/{ccutu«c. J‘Ja(uw 3/0 )iy s Jon s YONS '
b dc;q.tlnu (ueu RQealine To 1630 (so 1780 :
t ﬁt Lo Jkkh+bsw&4y2 1 RN A 30 |
_ - .
" ,Nuj“u& H oo Lleae) 106 el 50 A f
L —
$ 1570
*
b)'StL‘Il\S Programs:  The wnderlying soltware necessary for the contvol of a
computer systom, fnclubing opervat fup, systems, monitors, execut fves, pervipheoval
: device intevtaces, eteo.
v
General Applications Programs: ‘Those computer propvims which ave dependoeat L
on data Thases for their use but which can be oy on varfous machines and have ‘
usefulness independent ot a specilice conrse of instruct fon (O.p., SPSS, BioMed
Statistical Packages, Compliovs, Assemblers and Interpreters such as FORTRAN, i
3 BASTC, COURSEWRVIER, ov cortain fntevact ive CAT tfuncet fons). ‘
Diagnostic/Test Programs:  Special puvpose programs used primariiy to test :
% the opervation of computer system havdware compononts.  Examples fucinde |
%; diagnosties to locate damagod tape or disk swrfaces, faulty soct iong ol comput ey

memory,  transmi gsfon errors on teloee ummunh atfon ks, Diagnost e proprams ]
. , X :
of'ton opervate fundepondeut 1y ol a computer 'aooperat ing osvstem software,

s e

: |
;

; o

: 1

: i |

—r
rarsata
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1
Yo
‘ 3. SOFTWARE
{ 3.1_ Systems Programs L R—
Non-
; o Personnel Petsunnel Porsannel Total GFE
Description Hows Casts Costy Custs ()
! A
8, $
) b.
c
d.
e
L

3.2 General Applications Programs

ToPartp G4)

oy
8. $
iz b.
C.
-
d.
e,
-
- N
, To Pant D p 64y
; N
] 3.3 Diagnostic/Test Programs
o '
; a $
\
HE. b.
£ C.
4
; ,
B d.
:
. ! ]
S

29

(Yo Pt D p. G4)
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ygjljgx_Programs: Generalized datg
c¢reate, copy, modify or delete
programs to copy tapes
reépresentation (e.g

and fife mani pul
machine-readable (
» brint tape and digk files,
<y ASCIT) to another,

ation soltware yge
ata,  Such utilitioy
convert filog

d to
include
{rom one data

ete.,
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3.4 Utility Programs = __
Non ’
Personnel Personnel Personnel Totat GFE
Description Hours Costs Costs COsts (v
S i
a, $ $ o L__ —
b, —_— —_—
[ —_— —_—
d. ———— —_—
e, —_— e
$
—-:-—'___
{To Part D b. 64)
3.5 Other Computer Programs
$ $ $ i
— —_— — —_—
— —_— —_—
$
-'—~:-

31

(To Part D p. 64)
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INSTRUCTIONAL SYSTEM DEVLLOPMENT (1SD) ACTIVITIES

Thls category lTuceludes the costs incurrved during the process of implement fuy
and contvolling the quality of the instvuction. The activities covered in this
categovy are desceribed in 15D Phases 1V and IV (lmplement and Control). However,
for purposes of this specification, this category does not include the costs of
actually revising the test items and lastructional matervials (seo Category 5--
lustructlonal Methods/Materials).

EXAMPLE - . S

4. INSTRUCTIONAL SYSTEM DEVELOPMENT (IED} ACTIVITIES
4.1 Implement {Phase 1V)

4.1.1 Replacement Traiotg of Site Peryonnel

e | [ g [ o
s O e Inetieedie Thaimony [0 s Hoel s g0 syq37
L T [ VYN TVPIT S ;r_.um...,f?_ 160 _ 3§20 1fed 8§40
B | :
4 = ~— - -
&.

Implement (Phase IV): Staff training is vequired for the implementation
of the instructional management plan and the instruction.  Some key personnel
must be trained to be managers in the specltied management plan.  The instructional
staff must be trvained to conduct the instructlon and collect evaluative data on
all of the {ustvuctional components. At the complet fon of cach instrvuctional
cycle, maagement staff sheuld be able to use the collected information to improve
the fnstructlonal system.  The ouccomes of this phase arve:
e Documents containlug information on tlme, space, student and instrne-
tional vesources, and staft trained to conduct the instiruction.
e A completed cyele of Instruction wvith fnfarmation needed to fmprove
Lt for the succeeding eycle.

ESHEUEEWQB;JBELELURLfﬂLiﬁ}fllEﬂlﬁYEHiL:'rhi“ clement vefers to all the
trafning services, courses, devices, accessorles, aids, cquipment, facilitics,
and parts usced to facllltate instreuction through which replacement porsonnel
will acquire the skills necessary to operate and maintain the comput er-hasced
tralning system,

Instructor Pay and Allowances:

L Jlowances The cost of civilian and military
personnel involved dlrvectly in the administration of the training program(s).

—re
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’ ‘ 4. INSTRUCTIONAL SYSTEM DEVELOPMENT {ISD) ACTIVITIES
. 41 Implement (Phase 1V)
4.1.1 Replacenwnt Training of Site Persornel
A
(e I
[ T I ;
& Petsonned Parsanoe! " Porsonnet - Total GiL '
: Description Howy Costy Cuosty Custy ) -
|
! a N $ s :
! .
b. e ]
1R ] - |
| d. o -_1
] l}
; i 0 5
3
i 1‘ S
E‘ 4 Plo e 3 ]

1 { 4.1.2 lnstructor Pay and Allowances
-
1 S $ $ $ .
3
5
{ b,
E_ [——
% . —
E;‘ { d. -y
3 o,
o o o )
F:;. N
7. s e
4 4 ttop W)
3
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dhea e N

Student Pay and Al

persomuel who ave in a tvain
administered .

Total Implementation Costs:

e e e

ing status while participating I
18 part of the computer-based training s

4.1.1 then 4,.1.4 in the spaces
cost of the 4.1 subcatogory,
TCBS Matrix (Part D).

Transtov this

34

lowuncusz The cost of elvilian and militar

Enter total costs obtained
provided.  Sum these costs to

\7
1 the course(s)
systoem,

in subcategorics
arrive at a total
sum to the appropriate Line of the

s
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4.1.3 Student Pay and Allowances

PR O T I P S S o < BT S USy Rg

FPO T s

Yem
19
i Non.
{ Peisonnel Personnel Personnet - Torat GFE
Description Hours Cosrs Cosis Costs {v)
L a L $ $ $
b _
R
t ——
1 d‘
e
)} § $
S
] {below)
& | 4.1.4 Other Costs of Implementing Instruction
: a $ $ $
b.
|
I l [
d.
e
$
=
] (Lelow)
‘ «
|
: Total Implementation Costs (4.1)
p L2 Replacement Training of Site Personnel (4.1.1) D !
]
Instructor Pay and Allowances (4.1.2)
E l. Student Pay and Allowances (4.7.3)
2 Other Costs of Implementing Instruction (4.1.4)
| —
f
%‘ Total 4.1 $
f —_—
52 (To Part D p. 66)

e e . .g . .
: Ea b i vt T R s e
it REPREE G L & b ) ~

u_\':‘:':':rw“ -l
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Control (Phase V): fThe first activity in this Phase (internal evaluation)
is the analysis of learner performance in the course to de
deficient or irrelevant instruction.
for the problems.

termine instances of
The evaluation team then suggests solutions
In the external evaluation, persomnel assess jub task perform-
ance on the job to determine the actual performance of course graduates and other
job incumbents. All collected data, internal and external, can be used as quality
control of instruction and as input to any phase of the system for revision. /o
purposes of this specification, revision of instructional materials and tests will
not be costed in this subcategory. Rather subcategories 5.1 - 5.11 are to be
entered with that information. The outcomes of this phase are:

e Data on instructional effectiveness.
o Data on job performance in the field.
® Instructional system revision plans based on empirical data.
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4.2 Control (Phase V) 19 _
Non-
Personnel Personnel Personnel = Total GFE
Descripion Hours Costs Costs Costs ()

a $ $
b. 3

c

d.

e.

4.3 Other Instructional System Development (ISD) Activities

$

{To Part D p. 65)

g T T ey

$

{To Part D p 65H)

s S

T R . T I o

.-

PRy

e
LSRN %,

=y

v S

e

£3n N

3

S

S e

T

T

T PT CAen




i i L L. kpi Gt caa oty

INSTRUCT IONAL METHODS/MATERIALS

Included here are all forms ef instructional methods, materials, and tests
in the computer-based trainiug program. All print and wediated instruction is
included, as well as specific applications computer programs when appropriate.
Printed materials would include such items as training manuals, instructor guides,
printouts, books, programmed texts, etc. Other mediated forms of instruction
include film, audio, audiovisual, video and compurer displays, cte.  Indicate the
estimated number of course hours for each element of instruction revised or added
to the system. T
EXAMPLE

5. INSTRUCTIONAL METHODS MATERIALS
5.9 Computer Administered Instructional Materials

5.9.2 Simulanon
st “:::"\ Non
Counwe) 1 Rivise Petscnel o Peisannel Yotal GiE
Descnption Hours Py Casts Cots Costs ()
~

awmf quut wluns S8 1Hep $33037 $7,333 54040

——

“-_ﬂ(_ﬂ@&&&n@n?,é}'ﬁgu ed €0 8o 101,829 (40T (21,96 .

£ sieliee]

Audio: 1In this subeategory are included instructional materials in forms
presented only for listening. Tape recordings, phonograph records, radio broad-
casts, etc., comprisc this subcategory.

Audiovisual: Mediated instructional meterials which are to be seen and
heard in an integrated fashion. Included in this subcategory are slide/tape
programs, sound filmstrips, sound motion pictures, videotape and other television
programs, etc.

? Film/Text/Visual: Mediated instructional materials oa film desipgned to be
viewed only. Included in this subcategory are slides, overhead transparencies,
film strips, silent motion pictures, cte., in which text as well as pictures are
presented.

Lecture/Demonstration: A portion of instruction in which facts or concepts
to be learned are presented by the instructor, or a skill to be mastered may be
introduced. Active student participation may be elicited at critical points with
(1) questions or (2) by directing attention to certain features demonstrated.

(S,
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5. INSTRUCTIONAL METHODS/MATERIALS
6.1 Audio

gl dl o o o i s

N e

lEH. ”;"')"“ [ ' Nun-
WY e wsonnel v Pursanngl = Tutal
Duscription Houry ,'»::’,m:’./, Cists Costs Cos'y
a $ $ $
b,
e
d.
..
, TR
R S yhaty
{To Part D p, 6Y)
5.2 Audiovisual
L $ $ $
b,
[
d.
o
'——:—-—-——w,$ -
. {To Parc D p, 6y
53 Film/Toext/Visual
L $ $ Y
b.
[
d._
o
§
" (To Pt D p.ehi
54 Lecture/Demonstration
o, $ _ ¥ $
b,
C =
d.
o
\
S _
39 T s
— {To Fart D p GL)
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Group Discussion/Seminar: A small mumbev of students enpaped inintoeract tve
exchange of fntormation about a plven topic.  The Iastynetor may or may not
particlpate.

Performance/Practice: lxercises fov the student to vehearse a skill (1) with
feedback (guided practice), or (2) without fecdback (unpgnitded practtee) on the

student's performance of the skill.

Tutoring (peer or other): A form of fustrnction fuvolving one-to-oune
dlalopgue between instruet fonal apent (teacher, fellow stwdent or other) and

student,

Printed Text/Visual: tustvnctional materials that ave printed on paper,
lue luded in this subeatepory ave bhooks, tratning mannals, programued texts,
printouts, fovms, as well as printed photopraphs, ote,

40
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Year
5.5 Group Discussion/Seminar 19
Est. II:)‘:us Non-
{ _ Course Revise/ Petsonnel  + Peisonnel = Total GF/E
Description Hours Prepare Costs Costs Costs ()
: a. $ $
&
! b,
i.c
v
3
3 d.
Y
$
—_—re—
= o Tt D p.ah)
5.6 Performance/Practice
a $ $ $
b.
c.
d.
e
$
(To it D p Gn)
| 5.7 Tutoring (peer or other)
; [} $ $ v R
Ls
b.
Ii c
LB —
d.
L.
$
i o Parc D p.ony
5.8 Printed Text/Visual
L a, $ $ $
[ b,
__ t.
1]«
i
! o
{
{1 4
? 41 P it
: ez ety - i {(To Part D &R)
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Computer-Administered tustructional Materials.
are prepared for presentation on computer
tubes, plasma panels, teletypes,
can be applied using the computer

Instruct fonal natevialy thae
output devices such a8 cathode ray

ctes A varfety of instruct fonal stratepioy
as desceribed he Low,

Drill :mg._.llglggg_q:
comprehension, (he student tntoraets
The purpose of thiy aetivity is to
coneept:, Computer-based drlill and practice pormity repoeatoed presentiations of g
wide range of randomly pene rated or special ly programmed fnst

Or rewediation of {y.

ances
struction ean po madoe cont inpent oy Student

Follow ing presentat fon
knowledge

ot a coneept and g
with a series of

strongthen performance gk ilis

tost of

Accolerati ol
Performmeo,

Sl.nnll_._c_l(.hm_; An instruct fonal sLtuation which allows g participant to
tnteract tn a stendatfon closely rescembling an detual experience,
sophisticacion of the

Depending on the
s Lhe siwmul g ion
studeny progress and
Justiticatfon
critoriai tasks,
wstractfon of essent iaf

tomputer systoem involvaed, the comput or hog,
rules and cnablos complex simulated duv[sinn-mnl\'im:, monltors
maintaing Instructionay records for subsequent ¢y
simulation: safety in per
scoping real-woriy time,
Crom potentia Lly ¢

aining use,
forming dangerous and critical
and permiteing al
onfusing toral criterial

for
tolo-

task oloments
cuvivonment

Gnmgi: A cooperat jve or compet i ve anv ironment
Interacts GTEL realb or avtificial participants o ge
e be offered for degree of caoperative
ation, simulat jon and games are often uy
-l prohlcm—solving. They are Justificd ng
| In addition to the automatod functionsg
provide the rules

For
throngh avtifie fal

in which (pe studoent
ipecificd poal
*‘hicvemeny ,
tools

hlove
Orcompoet Lt fve a
sod as fnstructional
strong mot ivay inp
aseribed
real players to inter
intelligence of oth

. Points
In combin-
for Leaching
forces for Learning,
Lo stalag fou, the comput oy ean
acty or (e atae sian be the
or o shmulatogd players
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5.9 Computer-Administered Instructional Materials 11
Yuem [
5.9.1 Drill and Practice 19 = I
Est. Il:::us Noo- i
Course Revise/ Paisonnel 4 Pusonnel = Total GF}E 3
Doscription Hours Propare Costs Costs Costs (v) 1
| i
a $ $ $ 3
) %
b, j
(| « ?"1
d.
e,
LI
(Tap. 47)
5.9.2 Simulation
8 $ $ $
b.
(]
d.
o
$ :
Top 47) i
1
{ 5.9.3 Games ji
v‘i
’ $ $ 4 i
) c :
d D e ——
i { o
| s
{ {(Top. 47)
) h3
\
" e '?' " gl ey i i 2 u1 AT AP
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Tutorial: An Instructional situation In which the student interuacts
with a model of a teacher, the model belng resident in the computer. It can
encompass all or some of the instructional program, povernlng (dlalopue) scquence
of materials, fecdback rules, strategles for simulatton, vames, drill and practice,
or other reiated instructional paradigms. Depending upon computer sophistleation,
and instructional neceds, automation of Instructlonal prescription, resource
aliocation, and record-keeping can be partlal or total.

Problem-Solving: One of the most common instructional forms consists
of quantitative problems penerated by storved alporithms.  The student interacts
by inputting step-by=step process solutions at a terminal device or the student
solves thie problem on paper and Inputs his answer.

Inqulry: The student forms questions which he addresses to the
computer system. lle may use natural language or some casy-to-learn subset of
the language. The system processes the questlons usnally using key words and
searching stored algorithms to provide an answer. Thls activity is often
called information retrleval.

44
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Year
5.9.4 Tutorial 19 i
Est, ;':‘0"'5 Non.
Course X Personnel  +  Personnel = Total GF
. Revise
Description Hours Pre;');l}/c Costs Costs Costs ( f)
8. — $ $ $
b.
i
. ;
d
e,

S

(To p. 47)

5.9.5 Problem-Solving

=
T T Y e T T

N fles wo
o

P T
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- ot b B

$ ;

= 5

W {Ta p. 47) i
3

!

e J
|

a4 :‘;
5.9.6 Inquiry i
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Specitic Applications Programs:  Computer programs wreitten to satisty
a specitic fustructional togic veguivement v o given conrse.  These programs
are both data and course dependent (such as anigue alporithms weitten forv
Physfes 1 problems for a particular fastvuctor). They ave nsmally written in o
CAL language although they could also be written fn a machine assembly banguape.

Total Computer-Administered Instructional Materials Costs: Entor total
costs obtafued in subcatepories 5.9.1 thra 5.9.8 fu the spaces provided., Suam
these costs to avvive at a total cost of the 5.9 subecateporv,. Transter thiv sawm

to the appropriate Hues of the TCBS matvix (Mart D).
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5.9.7 Specific Applications Programs

RO Er S A mewmwwmpm“wwﬂw

b o S L sl ol b it St xRl i

I A R T e T

Est. H:)(:"s Hon-
Courye Novise/ Parsonnel 4+ Parsonngl = Total
Description Hours mm Cosis Costs Costs
a $ $ )
b,
c
d.
.
s
{helow)
5.9.8 Other Computer-Administered Instructional Materials
L] $ _ S $
b.
c. -
d. —
e,

Total Computer-Administered Instructional Materials Costs (5.9)
Drill & Practice (5.9.1)
Simulation (5.9.2)
Games (5.9.3)
Tutorial (5.9.4)
Problem-Solving {5.9.5)
Inquiry (5.9.6)
Specific Applications Programs (5.9.7)

Other Computer-Administered Instructional Materials (5.9.8)

Total 5.9

|

thelow)

£

$

(Yo Parc D p. gh)
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tests are waterials presented to targeted

Tests: 1In the broadest sense,
ir status with respect to a specificd

individuals or groups in order to measure the
domain of behavior. The tests may be direct, the behavior sampled is from the

domain, e.g., the student must actually change a tire. On the other hand, the
tests may be indirect, e.g., the student describes by paper and pencil how he
would change a tire. In instruction, these matevials sample student performance
during or at the end of a learning sequence. They may be used solely to diapnose
current level of achievement or thev may be used in addition to prescribe
sequences of instruction. Tf used strictly for diagnosis, the test items are

usually presented without feedback of correct answers.

These are verbal materials. Generally these

materials form an indirect weasure of the student's level of knowledge ov cowmpre-
hension. The student writes answcrs to an item by choosing fyom among alternatlives,
constructs a short answer to complete a sentance, or writes an essay. The
inference is made thai achievement on these items provides a valid and reliable
index for prediecting achievement in the cricerion environment (e.p., job

proficiency).

Paper and Pencil:

Performance Tests: Materials are those with which the student has to
do something, €.8., non-verbal. They are generally of two types: (1) intermediate
or indirect--in which the student manipulates sywbols, patterns, ov physical
{tems said to be correlated with some desired performance not readily measured
in a testing environment; or (2) job-sample (direct)--in which the studeut is
given portions of job-tasks to perform. These tasks are vepresentative, critical

to job-performance, oOr both.

48

)

-
L T

§

-

o

g P

=T

e

+ TR b ST

oo

LR prmeon
Fo, A o e R w F G TN V. . ¥ e b
L ol B R e R b e b ol Wt L s U TR S

e w3 P L

T PR T ST, I




] e e AP - b ’E
s L e el i SN A S b e A o 2 e L ! . d :
Lo 25 i s
et

ad ]
: A |

Yea
5.10 Other Instructional Methods/Materiais [
Est. “‘t’:'s Non- »
o Course Rovise/ Pasonnel  +  Pusonnel = Total GF;
Dascription Hours Prepare Costs Costs Costs (v)
[ $ $ $
b.
) c
d.
'y
! $
—_—
(To Part D p 65)

5.11 Tests

5111 Paper and Pancil
[ $ $ 4
b,

& |
0 5.
e f

$
(To p. H1)

5.11.2  Performance Tests i
8 $ $ $ il
b, i}
o

] d.
f,
$ ,'
(To p. H1) l
|
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5.%.1.1 thru 5.11.4 in the sp
total cost of the 5.11 sube

appropriate line
of the TCBS matrix (Part D).
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Computer—Supported T

esting: If a test ig administered ag
device connected to g computer (a terminal), the test is said to be

on-line. If it is administered manually by paper and
tasks on deviceschunipment Mot connected to the comp
be administered of f~line., The support roles of the
all of the following: (a)  to store and retrieve
effecient generation of numeroys alternate test forms; (b) to score
out results of the test administrations; (¢) to maintain te

Purposes of test validation and/or student diagnosis and
to administer tests on-line,

a display
administered
pencil or by performing
uter, the test ic said
Computer can include
banks of tegt {tems,

to
any or
allowing
and print
sting records for
Prescription; and (d)

Total Test Preparation Costs:

Enter total costs obht
aces provided. Sum these
ategory. Transfer this sum

ained in subcategories
COSts to arrive ag a
to the
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5113 Computer-Supported Testing . B
Est, H?: fs Non-
‘ Course Revise/ Pusonnel  + Personnel = Tgual GFF
Description Hours Prepare Costs Costs Costs (1
[N s _ $ $
b.
c‘ -
d.
[
$
—_——
{below)
5.11.4 Other Tests
a $ $ $
i b.
c
L] d'
e
5 {betow)
Y e
{ A
F !
b L
Total Test Preparation Costs (5.11)
3 .
; v Paper & Pencil (5.11.1) $
S el
3 Performance Tests (5.11.2) _
: ! Computer-Supported Testing (5.11.3)
E | Other Tests (5.11.4)
| Total 5.11 $
A —
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(To Part D p. 65)
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SYSTEM MANAGEMENT
This category includes the monagement effort costs expended in the process I
of operating, maintaining and supporting the operational computer-based

training system. It ineludes costs associated with program management, etc.

EXAMPLE

6. SYSTEM MANAGEMENT
6.1 Programy/Project Management

Nuan
Petsunnel Pessnnoe) Petsannel Tatal GFE
Descuptian Hours Costs Costs Costy {v)

-_Q\_@aww_}’&&_&yw«f [6O  s&s54T s - s8549
b @%LLQ_@@LL&CJM _HD A def = idqef

[ %

349943

Program/Project Management: This subcategory contains costs for planning,
directing, and controlling the operation and maintenance of a system and
assuring that planning is accomplished by organizations responsible for the
complementary functions of logistics and waintenance support, personnel training,
operational testing, activation, or deployment of a system.
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Y
i 6. SYSTEM MANAGEMENT =
6.1 Program/Project Management W
{ b | W e E— I
) Non-
Wt Parsonml Parsutnnl Porsonnl Total GFE
Ouscription Hours Gosty Gosts Costy (V)
. s R
L/ " S 8 $ $
i h.
Li
C\ [y — - PSS P — [,
d.
L]
0.
1
i $
. {To Pace D p. G6)
I 6.2 Other Direct Managomant Costs
2. - $ _ 3 $
\ b B
B .
d.
t.
s
\ {To Part O 66)
1 i
r i
am
£ 1)
: ( |
} .
b | { {
5 |
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OTHER DIRECT COSTS

This category contains elements which are aot covered n
Costy related to travel, supplios,

consul tants, contracts anad
ete., not fdentifiod otherwise are represented hoye,

other categorios

DI

subcont vact 8,

po ——

EXAMPLE . |

7. OTHER DIRECT COSTS
14 Contracts/Subcontracts

[ I B B
’tméniuﬂ._ﬁéuiﬁu Jlét;n(cl_t._g;-mw“w e s3I0y
A‘&in&.&&«&(&l X (L@MQ.MU!(J?_‘..CIA&fAMf&L)._

————— e

336481

Supplies: Thig subcatepgory consfsts of

all expeudabtoe supplloes divectly
employed {in the operation and mafntenance o ¥

the comput cr-based tvaluin Uosyston,
} h

Travel: jncluded in this subcatepory

e ablb transportatjon co
costs, ote.,, requived For

s, per diem
system opevatfon and mwnt cnauee,

Consultants: tni.
services required in the
training system, arrvanped
spousor,

subcatepory tue ludes cost s
direct opevation and mafut cnanee of
for by the prime cont

assoctated with ubque personal
the comput ov-hased
etor or Coverument oy ot her

»
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7. OTHER DIRECT COSTS o F.
. 7.1 Supplies . ) R — i
! | No. Uit Tom GFE "
| ) Description Units Cost Cost ()
a - § $
1 b.
c‘ e
N B
d.
0.
$
—_———r e |
o (ToPart v p, GG)
| 7.2 Travel
i
Description Cost
i
E $
& :
$
' —_ee—
i {To Part D p, 66)
§ ! 7.3 Consultants |
? '
L) ;
[
L

! R

———
e
) |
55 {To Part B p, 66
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Contracts/Subcontracts:
to be supplied by private firm

This subcategory includes materials and services
s/institutions/organizations, for the direct

i
operation and maintenance of the computer-based training system. These are !
arranged or contracted for by the prime system contractor, or by the Government '
or other sponsor. .
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7.4 Contracts/Subcontracts

Yom

M——

Description

Cost

7.5 Other Direct Costs

[T

{To Part 0 p, Ge)

>

|

(Yo Part D p. 66)
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1
Part D &
{1
TRAINING COST BREAKDOWN STRUCTURE (TCBS) MATRIX 1
In this part of the specification, a matrix is provided for entering i i
total yearly costs of operating and maintaining the computer-based k&
training system. For purposes of obtaining total Operation and ?
Maintenance costs, the element costs shown in Part C are to be summed ?
A - for each subcategory and entered into the appropriate row of the TCBS '4
f ;, matrix. All costs should be presented in the year expended. As noted :
‘ d in Part B, General Costing Assumptions and Definitions, all costs should ?
be expressed in constant dollars (using the present year as the base 4
; ) year). Total costs for each category are to be calculated and entered for ;gj
% g, each year. These total category costs are then to be summed to arrive -gj
i - at total Operation and Maintenance costs for each year covered in this 7?
; - Phase of the system's life cycle. N
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Part E

i TRAINING EFFECTIVENESS ASSUMPTIONS AND DEFINITIONS

T N T e

‘ In this section of the specification, guidance, definitions, and
procedures are provided for the measurement of training system
effectiveness. A general discussicn of evaluation and effectiveness is
followa! by Jdefinirione of terme wecd 4 thie speetliesrion. EFf oceive
ness measures are described and procedures recommended for acquiring this
information.

N P T P ¢ I R e

EVALUATION OF TRAINING EFFECTIVENESS

e

o

The purpose of evaluating training is two-fold: (1) to continuously
improve the program being evaluated; (2) to decide if a given training
program is to be continued or adopted. Data needed for both purposes
should be related t6 the twd sets of rrofming zoale wliteh cxigr for g
given course: end-of-course objectives, and job requirements for which
the student is being trained., Training effectiveness information should
be collected to determine the degree to which these training goals are

-

¥ e e i

i

S0

i
|

achieved. %
4

The first type of information should describe the ability of a course g
graduate to perform acceptably those tasks which the instructional ﬁ
program claims to teach. In most instances, these training effectiveness 7
assessments can be made at the school or training site. The second type P
of training effectiveness data deals with the discrepancies between %
graduate performance and job requirements. This information describes g
whether or not the instructional program teaches appropriate subjects or %
tasks, and whether or not the student can transfer these capabilities to ﬁ
the field. 1

iy

As there are no unequivocal results from delayed types of evalua-
tion, the training effectiveness of a course can be assessed most
meaningfully by obtaining the required measurements (e.g., student
achievement) immediately following course completion. These measurements
reflect the validity or relevancy of the training only to the extent that
they are related to job requirements., If training effectiveness measure- g
ments cannot be taken immediatoly following course completion, then they
should be obtained as soon as possible from the job or operational
setting.

A s 7 e

]
:

o Evaluation. Evaluation has as its major characteristic the deter-
, minavion cf walue, workh, or werit, Tt has o wore foners) weanding then
( effectiveness. While training effectiveness data can he used as the
) basis for evaluative decisions, all data gathered for evaluation purposes
are not necessarily related to effectiveness.
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© Formative Evaluation,

When evaluation Procedures are used for
course improvement, they are categorized as "formative,"

formative evaluation is that process which validates i
ongoing iniitial program development.

during the Development Phase and/or th
of the computer-based training system

Therefore,
istruction during
This formative process may occur
e Operation and Maintenance Phase
life cycle. 1Itg purpose is to
The results of this
pon immediately in [rogram modification.

course, The training

Xamined by the use
ques designed specifically for this purpose. (For
example, achievement or time measures for internediate, within-course
eriteria.) These measures may not be,

and in many cases, should not be,
=20utd not
the same as those needed for judging the effectiveness of the total
course,

® Summative Evaluation. This type of evaluation is performed for
the purpose of assessing a fully implemented training program with respect
to its ability to produce graduates who can perform to minimum standards
of performance. In this evaluation, the criteria of effective training
may be external to the system. Only after the courne has beetr estabYished
88 produedtig successful graduates can the criteria of reenlistment, or
transfer to a job or to another course, be applied. 1In addition, a
summative evaluation can determine whether or not efficient and effective

use was made of educational resources. Summative evalus

tion shoald occur
after instrucrional development,

improvement, and stabilization of
operational and administrative activities. The results of such an eval-

uation are of Primary concern to those who will decide whether or not a
program is to be continued or adopted. It, therefore, provides the basis
of policy decisions that do not necessarily concern revision of a program
or a product. Once the success of the computer-based curriculum is

established, comparisons can then legitimately be made between it and nther
means of producing successful graduates (i.e.,

conventional lock-step
instruction o

r other means of self-paced instruction). Thisg type of
nerally will occur during the Operation and Maintenance Phase,

® Training Effectiveness.
that training tias

This term refers to the specific of fapr:

e S )
vic the students who receive instruction. These effects
are usually measured in terms of the rime tt pouk

¢ students to reach given
training goals/dbjectives, and/or in the levels of achievement reached.
Training effectiveness data should be collected

® Training Efficiency.
or skill gained in relation to

gain. Thus, for example,
is twice as efficient

This term refers to the amount of knowledge
the amount of time spent in achieving the
4 student who attains mastery within one hour
as the student who reaches mastery in two hours,
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Course of ficieney vefors to the number of students who success fulty
achiove trafning goals per undt time ov wvithin given tralning resomrees,

TRAINING EFFECTIVENESS MEASURES

Several types ol measurementa for assossing Lratoluy ctrectiveness
are possibie, Forcwost amony these are divect measures ol student
achievement which veflect attainment ol course poals aad learaing
objectives. These measurements can he fn termy ol test scores, paln
gecores, time to achleve mastevy, nuaber of object lves mastered, ote,

The specific measurementy sefected shoutd corvespond to the requirvements
as stated fn each course's tratning objectiven,

REToct bvenens measwren may be efther short term or lony, term,  Short-
> term measures can veliect the attainment of fntermediate poats within o
course, as weil as Clhaal poatls, such a8 cnd=ol=comrse achievement.  Long-
torm measures are destipned to assess the tvansfer of the efltects of

tralning to other envivonments.

In the Ldeat ense, the effectiveness of a tralntap program should be
ovaluated from the viewpoint of Jonp—term as woll as short=term criteria
meanures.  llowever, many Intervening Factors and events, as well as

attitnde chanpes, can take place and offect Lhe lonp=term measures,
totally unvelated to the course ol Instrnet fon,

As 1t fs usnally fmpracticat to account for these fntervening factors,
the validity of long-term weasures decrenses the Toapger these measures

; are separated fn tiwme from the traluing that is belnp evaluatoed.

Therefore, for most unes ol this s el feation, the trafnlng effee-
y ’ I3

: tiveness of a course shonid be assessed tumed fatety upon compietiou of

E that course.  Tests adwinistered at that time ave the wost dirvect and

: relatively mneonfomded measuves ol trainiag olffectivenos,

3 Other measwrements that mipht be taken which could velicct attato-

: ment of tratniny propgram goals can be cateporlzed as:  attitude and othor

3 affective measures; vatinpga of achicevement (stwdent and/or fustrnetor);
and unanticipated secondavy effects. 1t fa Iwportant to look at as wmany

3 weanfngful outeomes ol o program as possible oven fC they were not antiel-

: pated In the 'in't)m'nm' s oatated poals and objectives. {s hightly probable
that {f the course poals and objectives were stated completely, an

, absence of nepative slde oeffects would bhe destred and, in many cases,

. fusisted upon by the tralning developoers,

To describe the overali tvaining effectiveness of a course or
trafuing system, the fadividual stuadent measuremeuts need Lo be acennu=

] a3
( latoed and sumwnized.  Measures ol contval tondency (e.p., means,
. med lang, modes), rangos, frequenclies and other descriptive statisctcal

l Indleos can be usad fov this purpose.
Once measurements have been made and swmeane fred, the resulting data
: ' must be compaved with standards ov criteria which velfect the trainiap
1
3
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poala,  Thas, the anfts of measuroment must corvenpond to the wity of |
the crftevion for each tvatuinp effectivenens dimens o,
. o Absentee Rates. Thils measure rofors to the averape percentape z
' of wtudents who ave not present tor trafwing on auy piven day tor each §
T conrse, |
¢ A&.‘l‘.“.‘!,cth,"f)“lf.s- Accuracy scorves fadicate the tovel ot achileve-
went reachaed withln cortaln tolerances on specilic seales. These seoroes
rellect the quality ov precision ot pertormimee.  Such scores can be
e deseribed {n terms of the muber of positive fustances (corvect ftems) ov 7
S the number of crvors made on o piven sealoe, :
1
o Achievement Measures,  These measuroes oithor velfloet wiudent
i achievement ov withlu—convse cuabiing objoctives or assess owd=of-course i
profictency. v ovder for this kind of assesswent to he posslble, the g
obJectives mst be explicitly stated and translated nte porformance or ¢
behavioral teorms,  Examples ot such achiovement measures vould bhe scores |
. on criterion-retorenced tests velated to objoct fves, or patu scores
4 talking fnto accomnt the inftial profticioney level of each studeat.  Addi- i
; tional scoves that can be used to doseribe a stadent's fovel of achieve- i
went. arved  numbher ol objoctives mastoved, skill level attained. ote. Afl (
9 of these would bhe objective-based achiovement scoves,  Normative (novm- :
veferenced) test scoves, or a student 's class stand fup ave achiovement

geoves that ave nsod when compaving cacit student 's portormanee with that
! of the class as o wholes (U achiovement scoves are used to compave the
o effectivencss of diftovent tvadning programs, a cousidovabie of tort

] shoald be nudevtaken to fdentity the diferences that mav oxist tn
tratuing object lves and/ov student popuiat fon chavactevist fes,

9 ObjJect foe achiovement or portorminee tests e the best means ol
weasuring tralnfny otftectiveness,  Thowoe tests contafn {teoms or tasks
e whleh cannot be answered or pertormed corvectly without the henel it ol
tvainlug,  Phos, they vetleoet divectiy on traluing of Foet lveness,

T T I I O e | AUt qurve?

1 aper-and-pencd ! feata can be nsed to acquice data on achioved :
Y lovel of Job kunowledpe.  Such tosts ave asod tor obtaining data on stadent ' )
profifciency at vecall ov vecopnition ot facts, principios, or procodures, s
v and in the appiteatlon of such knowiodpos, ;
) Pepfonmance Loestts constst ol systeomat fe obsovvat lon and scoving ot ;
the porformmee ol students o test situat fous which sample actual job i
3 operatfons and veguivements,  This can ocear la efthor the actual or J ¥
simulatod jJob envivonment.  Poviormanee tests are most appropriate Lor

y evalnat lap the ettoctiveness ol techafeal skifl tvatniag,. ‘

|1

i Comprter-supportod Leata conslst ot thore tests that are adminlsteraed !

! by the computor and/ov veguive the student to fuput vesponses on-line, :

Sub et ne measares viobd data based on opinfons about the proticioney ! ‘
of the stadent /peadaate, vather than divect measmrements ol skill or
knowledpes  Thoupn not as faformt lve and usetul as objoct ive measnres, ; '
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subjective measures and instruments often provide the only practiecal means
for assessing training effectiveness, WHes o pes, i i e AR Y

scales, and intervicws are often used when testing is inappropriate or
not feasible.

o Attitude Scales. These are subjective, indivect measures of
training effectiveness. They are designed to elicit the opinions of
students regarding thelr positive or negative feelin
method of instruction, or other related matters. They can be usdd as
Indicators of the ecmotional states of students, instructors, or others,
These measures can point to possible training problems and provide
for interpreting the proficiency scores attained in the course.

$s about the course,

a basis

o Attrition Rates. This measure refers to the percentage of students
who fail to meet the wilthin-course or end-of-course criteria and are
dropped from the training program. It also Includes those students who

voluntarily leave tle training rrogram for reasons other than academic
failure.

o C(Criteria. Prior to making any cost-effectiveness decision (i.e.,
prior to a decision thar the effectiveness attained in a glven course of
instruction was worth the Investment in dollars), the declaion mikeop
must set effectivencse cvitoria. Priovities should be established among
the various measures as to their importance in assessing training effee-
tiveness. Whether the measures are objective-related or norm-referenced,
the achievement scores of individual students or graduates must be appro-
priately summarized to describe overall course effectiveness. If means
or other measures of central tendency are used to reflect training
effectiveness, then similar criterion values need to be established,

o Criterion-Referenced Tests. This type of effectiveness measure—
ment is used when performance by a student is to be evaluated against
empirically or rationally established standards. The performance standard
1s usually derived from an analysis of the job skills [or which training
is designed. There can be paper-and-pencil, as yell as performance-
based criterion-referenced tests. Criterion-referenced tests are usually
contrasted with norm-referenced measures in which one is interested 1in
how individuals compare with each other. Criterion~referenced tests can
indicate the degree of achievement of a student by specifying the number
Or percentage of objectives attained.

® Gain Scores. These scores refer to the difference between scores
on a pre-test taken prior to a course of instruction and scores on ag
equivalent post-test following a given course of instruction. The gain
(difference between pre- and post-tests) is said to be rhe measure of
effectiveness. One weakness in this type of measure stems from the fact
that the absolute amount that can be gained by a student is a function
of his initial level in the skill being measured. Therefore, it is not
a sufficient wmeasure unless students enter the program with relatively
low levels of the skill for which they are being trained.
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e Mastery. Generally, this term wmeans achievement of atl require-
ments to exhibit expertise ina given course ol instruction. In practical
terms, 1t is olten used to mean achievement of the required nunber of
objectives at a mintmaliy acceptable level of performance. 1T fnstruc-
tional decisfons are mide on "go/uo—go" pasis (achicvement or not) pur
course objeetive, then mastevy is defined as meeting the required nuuber
of "go" decisions in order to complete the coursc.

e Norm-Referenced (Normative) Tests. These tests are generally used
to Indiecate relative standing awong members of a given student population.
They are often set in opposition to crlterlon—rcferenccd tests which arve
used to measure individual student achievement agalnst cstablished

standards.

e Ratings. Rat ings are indirect, sub jective measures ol effective-
ness.  While ratlngs have the advantage of being ecasily obtained, they
of ten have low reliabtlity and validity. As ratings ave indivect
measures of performancd, they are less valid than direct measuves. 1t is
of ten difficult to obtain consistent ratings over time {rom the sawe
{ndividual, and from geveral raters at the same time (inter-ratey
reliabtiiity) without training the raters.

e Recycles {Nasﬁpggg§). this term refers to the nunbew ov percentage
of students who are forced to go through all or a portion of a course
more than once, based upon Fallure to achieve that course section's requived
objectives in & gpecifled amount of time. These students are then recyeled
through the {nstruct ion and glven an opportunity to take the criterion

test (s) again.

¢ Reenlistment Rates. Tiis long-term measuve refers to the percent-
age of personnel who voluntarily oxtend bevound their initial tour of duty
for another period of military service. flowever, reenltistment can
be a function of many variables extraneous to the trainlng progrant.

e Reliability. Measuves of training effectiveness should be selected
on the basis of thelr potentiai for obtaining rvellable and valld data.
Reliability refers to the consistency, or veplleability of the data that
are collected, it is not possible to determine the valitdley of data unless

the data are reliable.

e Speed Scores. fhis term refers to the rate of acceptable task
performance. 1t time or speed of performance is the standard TFor cevtain
training objectives, then a weasure of training ettfectiveness must rveflect
this criterion dimension. T a task must be performed in a given time, a
possiblc ef fectiveness measure to use couid be tiie number of students who
perform acceptably in that time. Another speed score could be the number
givities in a task that are completed by a certaln perecent-

of steps or ac
the scores used to

age of students by a glven time. In either case,
measure training efloctlveness must reflect the training objectives and

criteria.
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e Throughput. ‘This measure velers to the numher of students
passing a withln-course vequivement per unit time, or the number of

students campletlng the course per unft time. In this sense, ft is an
index of the efficiency of a trvaining propram.

e Time Measures

Course Tlme. This measuve refers to the total number of hours,
days, weeks or other tlme untts a student spends in a plven course In
order to reach mastery ol the veyuired objectives. 1t represents the sum

of training tlme and testing time--sec bhelow.

Training Time. This measuve represents the time actually spent In
learning the subject matter and practiclng the skills to be acqulred. 1t
does not contaln tlme devoted to non—academic subjects, in- and out-
processing, and other activitles mrelatad to the instruction,  fTraining
time should Include any self-study, remedfal or recycle time, even Lr
these times are not officially prescribed.

Testing Tlme. This measure represents the time spent o taking
eriterion tests. It Includes all the time spent in taklng tests that ave
graded--tests that determine LI a student has attalned the trafalog
objectives of the course. Testing time does not Include time spent in
skill practice, practical exevclses, or quizzes that are part of the
instruction or tralnlng time.

o Transfer. A trvansler measure of effectlveness is any score (time,
trials, errvors, etc.) obtained on tasks pervformed suhsequent to cowrse
The transfer measures are taken aftev the student attains
These measures can be rvelatlvely
Or, they can vefer
One

completion.
the requived ohjecthbs within a course.
tmmediate and reler to achievement 1n anothey counrse.
ta initial job performamee following the completlon of a course.

'
N
.

possible Index of trans fer el fects that could be used is

Pereent Trans fer. The crlterion value (time, trlals, evrors,
ete.) that is reduced as a rvesult of relevaat prilov training.  This Is
of what the i tterion value would be without such

expressaed as a peveentage
prior training.

On a fonger term basis, transfer can refor to ovevall job eflfoc-
tiveness in terms of such performance measures as Avmy SQTs, or the Alr
Foree's ATC Field Follow-Up measures. Other job pervformance data can
include: supervisov vatings, work productivity measures, absenteefism and
tardiness rates, ote. Tramnsfor can also vofor to the relatfonship of
course achievement to attitndes. For example, it could refor to effects
of course success or fallure on reenlistment vates, career development
pattern, ov general attltudes towvard the Service.

e Unanticipated Secondary Effects. Sometimes used as tralning
ef fectlveness measures are servendipitous effocts that are not dlrectly
related to stated ov established craining goals. A posltive side effect,
for example, may be fncreased Independent study by a graduate as a result
of his posltive experlence withln a course. An example ol a nepative
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side effect might be an increase in AWOL or disciplinary problems due to
the lack of sufficient supervision,

e Validity. Training effectiveness data are valid If thoy daecurately
reflect the degree of achievement of course goals. The instruments wied
to measure effectiveness must be carefully selected in order that validity
and reliability of the data are maximized. This s particularly diff{cult
with subjective measures such as attitude scales or ratings. Also, valld
data are obtained only if the person belng evaluated veacts In a normal
manner when tested. Objective data gathering weasures (e.p., performance
tests) ave better at eliciting "normal"and, thevefore, valid reactions,
than are subjective measures (e.g., rvatings).
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! TRAINING EFFECTIVENESS DATA: WITHIN-COURSE MEASURES g‘
@ Course —8 1
@ Section No '
Time Measures !
. @ AVERAGE TRAINING TIME |
Hours N
. Audio
7 Audiovisual
L Film/Text/Visual |
B Lecture/Demonstration !. ‘I
i Group Discussian/Seminar i
Performance/Practice
Tutoring ]
) Printed Text/Visual
i Other 1 !
. Hours N
CAl: Drill & Practice
i Simulation it
Games
H Tutorial
Problem-Solving i ¢
Inquiry |
Specific Applications Programs
3 Other CAl Materials g
g CAl Materials (Total) :
F. .
) @ Average Training Time in Section No. i
p L (To Summary Form| 1
{page 85) {
E ,) @ AVERAGE TESTING TIME j
; { Hours N A
;E § Paper and Pencil Tests ‘
%‘; | [ Performance Tests
E‘ ‘ Computer-Supported Tests g
E i Other Tests il
fp Average Testing Time in Section No.___
i ] (To —;;unary Form)
E {page 85)
@ AVERAGE SECTION TIME
Make as many copies as required for
the number of Sections of the Course. {To Summary Form)
{page 85)




Enter the cricerion test results used to measure achievement of this
Section's instructional objectives. These data should represcent the
scores and results obtained from students' first attempts at the ‘
criterion tests. (ldentify the specific tests being reported.)

(a) If accuracy or speed scores are used to measure
performance, enter the average scores in the appro-
priate space.

(b) In those Course Sectjons where the achievement measure :
is the number of objectives attained, enter the average i
number of objectives achieved in the appropriate space.

(c) Enter the percentage of students who pass this Section's
criterion tests on their first attewmpt.

(d) TIf the measures of achievement used in this Section are
gain scores (differences between pre- and post-tests),
enter the average gain score in the appropriate space,

(:) Enter the average number of attempts taken to pass the criterion lests
on this Course Section.

In this part of the form, enter other data deemed important for
describing the training effectiveness of this Section of the Course.
Affective data (e.g., student attitudes), indirect measures such as
instructor ratings, as well as other measures used, should be
described and the findings listed.
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]
: TRAINING EFFECTIVENESS DATA: WITHIN-COURSE MEASURES (Continued)
Achievement Measures
® @
SECTION No. — AVERAGE CRITERION TEST RESULTS (First Attenpt)
S Mo = Numbe
{n) (b) {c) (d) ol
Tosts Accuracy/Speed | No. Objoetives Perceny . Attempts
; Scores Passed Students Passed Gain Scores
3
! Paper and Pencil:

S Performance: .

5
9

Computer-Supported:
i =
Other: _

| S

3

i (To Summary Farm)
: I (pagn 85}

*
*l SECTION No. — Other Effectiveness Measures

1, Recycle Rate
;. Instructor Ratings Student Attitudes

R R L © e e DR T R

Other

(To Summary Form)
{page 85)

Make as nxiny copies as renuind for
the numbnr of Sections ot the Conrse,
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INSTRUCTIONS FOR ENTERING WITHIN-COURSE
TRAINING EFFECTIVENESS SUMMARY DATA

o summarize the within-course training
the preceding forms. If only within-
hese totals can represent the overall

In this form you are t
effectiveness data listed on
course data are available, t
effectiveness of this Course.

(:) Print title of Course.

(:) Enter the Section Number in the appropriate space. If you need more
than one line to enter the summary data for a given Section, put that

number in all the applicable spaces.

each Section of the Course

Enter the Average Training Time spent in
times from the preceding

in the spaces provided. Copy the
fprms.

in each Section of the Course in

the spaces provided. Copy the times from the preceding forms.

Enter the Average Section Time in the spaces provided. Copy these
times @ + from the preceding forms.

@ Enter - the Average Testing Time sp.ent

Enter the results from first attempts at the criterion test in each

Thesedata indicate the ievel of performance

In some Sections, pnly one type of achieve-

In these cases, copy the data into the

s used to measure criterion

in the Section by welght-
Enter this weighted

1f it is not

g-—-thereby

Section of the Course.
achieved in each Section.
ment test data may be listed.
spaces provided. 1f more than one test i
performance, determine each student's grade
ing and combining the separate test scores.
average score or Section grade in the summary form.
possible to combine such scores, enter them on separate line

using more than one line per course Section.

(:) Enter the average number of attempts Lo pass the criterion test(s)

for each Section of the Course.

Enter any other training effectiveness data obtained in each Course

Section in the spaces provided.
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TRAINING EFFECTIVENESS DATA SUMMARY
WITHIN-COURSE MEASURES

L 32

¥ @ Course

@ Time @ Achievement
ia
o | ® | @ | ® ®

T Section Accuracy/ Number Percent Gain

{Enter Number) . . Section Speed Obijectives Students Number of
Training Testing Total Scores Passed Passed Seores Attempts

L £

%

o

E |

Overall
Course

{Totals) {Average) {Total) {Average) {Average) {Average)

) Make as many copies as required
] for the number of Courses.
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G EFFECTIVENESS DATA SUMMARY

WITHIN-COURSE MEASURES :
5% i
4

@ Achievement ( 8) Other

ﬁmber Percent . »
jectives Students Gain Number of ReEyelg Instrt.xctor ) <.u.dent Other ;
: Scores Rate Ratings Attitude -
assed Passed Attempts a
i, ".‘
£y
/
1
7 k
.
7 3
- !
g
fra

5 e,

otal) {Average) {Average) {Average) {Averages)
. Make as many copies as required
)] for the number of Courses. ‘
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INSTRUCTIONS FOR ENTERING
END-OF-COURSE TRAINING EFFECTIVENESS DATA

In this part of the specification, recording forms ave provided for

you to enter data on training effectiveness for the Course as a whole.

A Course may be self-paced and achievement criteria fixed, or course

time may be fixed, and achievement allowed to vary, or there may be a
combination of both situations. Lnd-of-course training effectiveness
data can be entered on this form for any of these cases. MAKE A COPY OF
THE RECORDING FORM ON PAGES 89, 91, AND 93 TOR EACH COURSE CONSTDERED.

If only within-course data (by Section) are available, use the summavized
data in the form at the end of Part F and go to Part Il for further cost-

effeetiveness analysis.

®
®

Print title of Coursec.

Enter the average training time spent by students in eaclt instructional
method/mode used in this Course. Thewe time data should be the s

of the time data listed ‘n Pavt P for-each Section of this Conme,

This information should represent the time actuially spent in learning
the subject matter. It should neot contain Course time that is
unrclated to this function (e.g., non-academic subjects, in- and out-
processing, etec.). In the cases where these tlmes are offlicially
prescribed, care should be taken to include additlonal self-study

and rccycle time, if relevant, ILnter average tralning times to the
nearest tenth of an hour, along with thie number of students (N)

from whom the data were obtained. Then add these times together

to obtain the Average Training Time in thls Course .

Enter the average time spent by students taking the criterion tests
within this Course. Do not includc the time spent In quizzes and
practical exercises that are part of the instruction. Rather, that
time should be included in above. This entyy should include
the time spent in tests that ave graded--tests whlch are designed to
assess whetlier or not students have attained the instructional
objectives of this Course. These times should include bhoth within-
course and end-of-course tests., The time data should be the sume of
the time data listed in Pavt F for cach of the Scetions in this
Course, PLUS the time spent by the atudents in the [Tnal or end-of-
course oriterion tests, Enter the average testing times (to the
nearest tenth of an hour) in tlie space beside the applicable test
form category, along with the number of students (N) from whom the
data were obtained. Then add these times together to obtain the
Average Testing Time In this Conrse

Sum the Avervage Tralning and Testing Times (:) and (:) to
obtain the Average Course Time,

88

dg o Ll e . I :
O MDA TN A IR D R T VROt PP g PSR e T P e AR T




kS R i b 8 L Uz il o ]

|
TRAINING EFFECTIVENESS DATA: END-OF-COURSE MEASURES )
@ Course
Time Measures
@ AVERAGE TRAINING TIME
Hours N
Audio
i Audiovisual ;
Film/Text/Visual
| Lecture/Demonstration
Group Discussion/Seminar - __
Performance/Practice \
Tutoring I
Printed Text/Visual
Other —
Howrs N
CALL Drilt & Practice
Simulation
| Games :
Tutonal
: Problem-Solving _ .'
lquiry ;
Specitic Applications Programs —
‘ Other CAl Materials S ——
CAl Materials (Total) SR
@ Average Training Time in Course
@ AVERAGE TESTING TIME
Hours N
.r Paper and Pencil Tests _ ‘
E | Performance Tests -
Computer Supported Tests _
l‘ Other Tests _
Average Testing Time in Course %
{
(4) AVERAGE COURSE TIME |
®®
Make a5 nmany copies as required
tor the number of Cowsses.
89
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Enter the final criterion test results used to mea
of this Course's instructional objectives,
sent the scores and results obtained from
at the end-of-course criterion tests.,

sure achievement
These data should repre-
students' first attempts

(a) If accuracy or speed scores are used to measure

performance, enter the average scores in the appro-
priate spaces.

(b) In those Courses where the achievement me
number of objectives attained, enter the
number of objectives achieved in the appr

asure is the
average
opriate space.

(c) FEnter the percentage of the students who pass this

Course's end-of-course criterion tests on their first
attempt.

(d) If the measures of achievement used in this Course are
gain scores (differences between pre- and post-tests),
enter the average gain score in the appropriate space,

Enter the average number of attempts t

aken to pass the end-of-
course criterion test(s).

In this part of the form, enter
tant for describing the training
Attrition and absentee rates,
tudes) indirect measures such
other reasures used,

other summarized data deemed impor-
cffectiveness of this Course,
affective data (e.g., student atti~
as instructor ratings, as well as
should be described and the findings listed.
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Achievement Measures

TRAINING EFFECTIVENESS DATA: END-OF-COURSE MEASURES (Continued)

®

FINAL CRITERION TEST RESULTS (First Attempt)

®

Numbe
e {a) (b {c) ) of
Tests Accuracy/Speed | No. Objectives Percent A Attempts
sScores Passed Students Passed ain seores
’ Paper and Pencil:
% Performance:
i Computer-Supported:
Other:
Othar Effectiveness Measures
Absentee Rate . Recycle Rate
Attrition Rate
Instructor Ratings Student Attitudes
Other
|

Make as many copius as required
for the number of Courses.
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Transfer Measures

Enter actual or estimated data that reflect the transfer effects
attributed to the training provided in this Course. In all cases,
enter average values. This information can come from subsequent
course records, job performance tests, field feedback records, etc.
Try to isolate the influence of training in this Course from other
Collect these data
£f data are estimates,

intervening events (e.g., job experience, etc.).
as soon after (ourse completion as possible,
place (E) after the entry
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TRAINING EFFECTIVENESS DATA: END-OF-COURSE MEASURES (Continued)

{
Transfer Measures
! Time to Complete Subsequent Course
Achievement Score in Subsequem Course
‘ Job Performance
Time to be Job Qualified _ i
:
{ Test Score(s) A
;%
Work Productivity Measure i
{ 1
|
. 1
Ratings — Self 1
o 4! ¥
s
b
Ratings — Supervisor { A
“ i
1 h
i Absentee Rate '
'i‘- Attitudes %
| 1 Reenlistment Rate é
I
Other ]
3

2o
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Make as many copies as required
for the number of Courses.
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Part H
COST-EFFECTIVENESS ANALYSIS GUIDANCE
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! Part H
COST-EFFECTIVENESS ANALYSIS GUIDANCE I

In this part of the specification, the approach to be taken in
analyzing the cost-effectiveness of computer-based training systems is
described. The assumptions which underly this approach are discussed
first and general guidance is presented for interpreting and applying
the findings of this type of analysis.

When examining alternative systems, a reasonable cost-effectiveness t
analysis would compare the best estimates of future operation and main- :
| tenance costs and not include costs (for development, etc.) that were
expended in the past. In the ideal case, one compares the cost-
effectiveness of two alternative training systems when they are in their
Operation and Maintenance Phase. Although comparisons are made between
| operational systems and alternatives that are still in their Development
Phase, these comparisons can only be treated as hypothetical or
"projected." The effectiveness data that are gathered while the system
is under development can be influenced by many factors which would not
4 occur in a more stable operational environment. This is particularly
important to consider when a prototype hardware/software system is under-
going modification throughout the Development Phase. Thus, projected
cost-effectiveness ratios that are calculated during the Development Phase
should be treated with caution as they are subject to considerable error.

— g ————

ot g T g ——— T i oA

® An evaluation of cost-effectiveness can only be made following f
the assignment of value or priority judgments to the various dimensions
of training effectiveness. These are to be established by the appropriate
decision-maker and should reflect training requirements and goals.

e —e———a

® The specific criteria by which to compare the cost-effectiveness
of alternate training systems need to be clearly established. If the :
i efficiency of a computer-based system in aiding the development and '
{ revision of training materials is of prime importance, this aspect of the
system can be assessed independently of its training effectiveness.
Similarly, a system's efficiency in scheduling training resources and
I l equipment, keeping records, etc., can be judged. However, even though
- these measures are important in determining the value of a computer-based
system, they should not be considered the same as analyzing a system's ‘
i i cost—effectiveness when training effectiveness is of utmost concern.
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e In the absence of effectiveness criteria based upon job or
training requirements, indicators such as throughput should not be
mistaken for evidence of training system quality. Rather, in thesec cases,
such ratios (e.g., cost per student course hour) should be interpreted
as what they are-—efficiency measures.

e When comparing alternative training systems, identify a desired
level of effectiveness and examine the costs of achieving that level.
The cost-effective decision is to select the alternative with the lowest

cost.

L)

Designate the acceptable costs and determine the level of effec-
tiveness that different training systems might reach assuming those
expenditures. The cost-effective decision is to select the alternative
which yields the best effects.

e If both costs and effectiveness levels are allowed to vary, one
may fallaciously attempt to minimize cost and maximize gain at the same
time. Thus, infinite effectiveness at 2zero cost becomes an ideal which
is not tenable and should not guide the cost-effectiveness analysis.

e The problems associated with comparing alternative training
systems which differ in costs and effectiveness are numerous. This is
of particular importance when there are significant unanticipated benefits
elicited by the nore costly system (e.g., new skills are taught which can
transfer to other training situations). Additional study is then needed
to determine the value of such benefits. The higher cost alternative
should be rejected if additional benefits do not justify the extra expense.

e In performing a cost-effectiveness analysis of a computer-based
training system, one should consider all appropriate costs and benefits
during the entire operational life of the system. In this way, "cost
avoidance" factors (e.g., fewer instructional personnel or facilities,
less training time, etc.) which may accrue over several years will be
permitted to surface and balance the large initial capital investment
costs of implementing a computer-based training system,

e Although this specification focuses on quantifiable cost-
effectiveness data, a thorough analysis should consider these data in
light of any effects (both positive and negative) which can only be
described in qualitative terms.
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‘ e If training system alternatives are to be compared, such a
comparison is meaningful only if the systems contain courscs with

k similar objectives, content, testing conditions and criteria.

!

. e If one wants to compare medir within a course, cost-effectiveness

estimates will be error-prone unless content, objectives, testing
conditions, and criteria are equivalent.

® Do not use the cost-effectiveness ratios or relationships
established in the analyses as evidence of causality.

® In order to attribute the effectiveness of a computer-hased
dw training system to its innovative instructional technology, one must tie
the effectiveness measures (e.g., criterion achievement or time scores)
to that portion of the course that is supported by this technology. If
the portion of a course that is uniquely related to the innovation or
method being evaluated cannot be identified, then by definition no

= conclusions can be drawn related to the efficacy or cost-effectiveness
§ of that innovation or method.
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Part I

COST-EFFECTIVENESS ANALYSIS CALCULATIONS
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INSTRUCTIONS FOR CALCULATING
COST-EFFECTIVENESS RATIOS

In this part of the specification, instructions and workshects are provided for
calculatling cost-effectiveness ratios which can be used to evaluate a computer-based
training system in its Operation and Maintenance Phase in comparison with alternative
system(s). There are many alternative cost-effectiveness ratios which might be considered
appropriate for particular applications. It is possible that several ratios will be required
in order to make a decision concerning whether one system is better than another. This
will require the decision maker to rate the relative importance of one measure of effec-
tiveness over another and make comparisons between systems by calculating only those
ratios using the most important measures.

The first two ratios are indices of efficiency and are useful as measures of a training
system’s cost-effectiveness--PROVIDED that training requirements have been established
and graduation signifies attainment of these criteria. Following these ratios is a worksheet
upon which to rate the importance of effectiveness measures.

(1) GRADUATION COST

This index provides the ratio of total dollars expended to produce a graduate for all
Courses supported by the system. If you are going to calculate a ratio for each Course
separately, indicate this Course on the worksheet,

Total # - Total # Total # Attrition Rate’
Graduates Students' Students' X a

ITotal # Students Fiom Part A, p. 3.
2 Attrition Rate Erom Part G, p. 91.

Total Operation & Maintenance Costs (p. 66)

GRADUATION COST
Total Number of Graduates {all Courses)

This ratio can be calculated by course, but there would need to be an appropriate
allocation of Operation & Maintenance Costs to cach Course supported by the system,
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WORKSHEET FOR COST-EFFECTIVENESS CALCULATIONS

(1) GRADUATION cosT

Total Operation & $

Maintenance Costs {From page 66)

Check Coursefs)
- Involved in Analysis

[J Course

[0 Course

O Course

0O Ail Courses

—
Aturition Rate (Total # Graduates)

Total # ~
Graduat ) ——— 2
raduates Total Students Total Students
(From page 3) {From page 3) (From page 91)

(O & M Costs)

Graduation Cost = -

{Total # Graduates)

(1) GRADUATION cosT

$__________ /graduate

—_—

Check Coursel(s}
Involved in Analysis
O Course
Total Operation & - g
Maintenance Costs =i ee— [ Course
{From page 66}
{1 Course
O All Courses .
1]
Total # _
Graduates B e e — S X B
Total Students Total Students Attrition Rate (Total # Graduates)
(From page 3) (From page 3} (From page 91)

(O & M Costs)

Graduation Cost = B

{Total # Graduates)

s d . _—

$ /graduate

.
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@ HOURLY COST OF INSTRUCTION

This index provides the ratio of dollars expended for each student hour in the

Courses supported by the system. If you are going to calculate this ratio for each
Course or Course Section separately, indicate *he specific Course and/or Section on
the work sheet.

To calculate the instruction hours for each Conrse use the following formula:

Total Average # Students/
Course = Course X Course/Year®
Hours Time'

'Avmaue Course Tume Fiom Part G, p. 89; or
Part F Summary, p, 85.

S Students/Coutse/Year From Part A, p, 3.

Total Instructional Hours = Total Course Hours added together for all

Courses supported by the system,

Hourly Cost _  Total Operation & Maintenance Costs (p. 66)
of Instruction Total Instructional Hours (all Courses)

If this ratio is calculated by Course, use Total Course Hours in the denominator,
However, Operation & Maintenance Costs then would need to be allocated to each
Course supported by the system. This ratio can also be calculated by Course Section,
Here too, Operation & Maintenance Costs would need to be appropriately allocated
by Section. If this ratio is calculated by mode/medium of instruction (e.g., CAl
portions only), then there is a need to allocate Operation & Maintenance Costs
by type of instruction. This approach is practical only in Courses with Sections
using a single mode/medium of instruction.
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@ HOURLY COST OF INSTRUCTION

® Course Section
Total Course Hours = X = hours
.} Average Course Time Students/Year
® Course Section
. Total Course Hours = - X = hours
Averate Course Time Students/Year
L ® Course Section
' i Total Course Hours = X = hours
! Average Course Time Students/Year
Total Instructional Hours (All Courses) = hours
1,. Total Operation & Maintenance Costs (All Courses) = §
(From page 66)
L (C & M Costs)
Hourly Cost of Instruction = $ = $
’ (Total instructional Hours)
@ HOURLY COST OF INSTRUCTION
® Course Section
{
Total Course Hours = X = hours
{ Average Course Time Students/Year
® Course Section
l. i Total Course Hours X r hours
Average Course Time Students/Yecar
® Course Section
Total Course Hours = X = hours
Average Course Time Students/Year
Total Instructional Hours {(All Courses = hours
Total Operation & Maintenance Costs (All Courses = §

{O & M Costs)

Hourly Cost of Instruction = $

(From page 66)
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@ COMPARISON OF EFFECTIVENESS MEASURES b

I onder to ealenlate the cost-offectivoness rutios that are most important to

your analysis, the offectiveness mensures specitiod i Part G* nead to be eated in 3

importanee by the decision-maker. 4
‘
@ List the ewd-olconrse oftectiveness scores Lo be used in !

docision-making (from Part. Q).

!

3 @ Estimate the “value™ of each seove by tating the importanece E
¢ of vach meastre based on the systems or Conrse™s training 1
vequivements,  (Place a rating of 1 to 10 in the spaee B
; provided =10 being most imporiant.) 5
Cost-effectivenoss ratios can then be caleulated for vach of the “most mportant ™ i

measiees before considering some o the other effoctivoness seores, H

. l‘

For example, it the Achivvement lovel attained ax reflocted by Acenraey Scoves is _
the wost impovtant measure ot teainig effectiveness, then it shonld be the basis g

for comparing alternative training systems, Cost-oftoetiveness compirisons can he ¢

k made using this indicator (assuming costs ave held constant),  or if aehievement

seoves e held constand, then training systoms can e compared with vepard to the 3
L costs requived Lo reach this fovel of achiovement, 7
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@ Ratings of Etfectiveness Measures
()

End-of-Cowmse
Etfactivonoss Scores
(Fram Part G,
pp. 89, 91 & 93}

Time Moasures

Average Covse Thme _ — -

: Achievement Maasures

Accmacy/Spead Scores

» Number Objectives Passed

B .. Percent Students Passed

Gain Scores

]
# Attempts to Pass GCriterion Yest ~

E {

E . Other Measures

,JI‘ Absentee Rates R

"‘ Attrition Rates

Recycle Rates N

. Instructor Ratings

’f Attitude Scores

J Other

Transfor Measures.
Subsequeint Course Time
Subseguent Cause Achiovement
Time to Qualification

Jubh Pariormance -

Job Test Scores

il Work Produetivity
i\ j SeH-Ratings
“

Supervisory Rativygs

Absentee Rotes

Attitwdes
Reenlistinent Rate

Other )

G P B Simnmary, o By G oo awntable
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WORKSHEET FOR COST-EFFECTIVENESS CALCULATIONS

Couwrse

®
Rathngs of
Enapan tanee
(110, 10 -
Most himportant)
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