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I PREFACE 

I 

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. O'Neil was the Technical Monitor. 
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INSTRUCTIONS 

The purpose of Part A Is to describe some of the characteristics of 
the computer-based training system and to Identify the individuals 
who are using this specification. 

-i 

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

Qz)  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. 

) 

1 i. 

\3j      Check the type of hardware configuration supporting the system. 

{bj      Enter the maximum number of time-sharing students per system. 

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

1 

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

© Print your name, job title, and organization. u 

i fi ; 

0* | 
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SYSTEM DESCRIPTION 

(?)        Computer-Based Training System 

, 

® System Life Cycle 

0 Phase III - Operationsand 
Maintenance 

® Configuration 

Stand-Alone 

UlYeir    2nd Year    3rd Year    4lh Year    5th Year    6th Year    7th Year    8th Year 

19 19 19 19       _    19_    ,     19 19 19  

D Remote D Combination Stand Alone and Remote 

o 

(4)        Time-Sharing Capacity 

(5)        Courses Supported by System   (Specify) 

® 
No. of Students 

Per Year 

Total 

® Your Name Job Title Organization 

u 

-*-**—iW. .   ■    . . 

y ̂
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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 personnel, 
administration, instructional delivery, etc.  These costs include the 

following components: 

• 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. 

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

• Software. The costs of operating, maintaining, and modifying 

computer programs which support the training system. 

• 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. 

0 Instructional Methods/Materials.  The costs of maintaining, repro- 
ducing, and modifying the testing and training materials requ^ed by the 

operational system. 

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

1 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 

The 
fe 

administered, aided, or managed by computer (hence, aomputer-based). 
system component costs are distributed across the training system's li 
cygle 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 
each alternative must be stated in the same terms.  In Part I) 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 specifi- 
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 
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. Any cost figures }>rovided in  current 
dollars are  to he clearly identified as such. 

DISCOUNTED RATES 

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 OSD is 10 percent.) 

INDIRECT COSTS 

An overhead or indirect cost factor is attached or "burdened" atop 
direct costs by each contractor to accou.'t for general support and adminis- 
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. 

INHERITED ASSETS 

The use of assets already available (inherited assets) requires careful 
evaluation when preparing a cost estimate.  The fact that a given system 
component is already available does not automatically equate to zero cost 
to the computer-based training system.  Each inherited asset must be evaluated 
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 
must be included in some cost element in the system's life cycle.  If there 
will be no future expense, the cost of the item will be included in the 

.. 
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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 win 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 enable 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 (ISO) 

"A systematic procedure for assuring application of instructional 
technology to course planning and development."1  The five phases of ISD 
are treated in detail in the five volumes of: 

Air Force—"Handbook for Designers of Instructional Systems"2 

Army—"Interservice Procedures for Instructional Systems Development"3 

Navy/Marines—"Interservice Procedures for Instructional Systems 
Development" 

U- 
There is some disagreement between the Services on how the Phases 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 development process does not coincide with the computer-based 
training system life cycle for hardware and software.  The ISD 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, sections of the course will be designed, developed, 
tested, revised, adapted, and integrated throughout the entire life cycle 
of the computer-based training system.  (For example, one-third of Air 
Force instructional hours are revised each year on the average.) 

.. 

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

2AFP 50-5», 15 July 1973. 

3TRAD0C PAM 350-30, 1 August 1975. 

NAVEDTRA106-A, August 1975. 

l. j 
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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 
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 
Military and Civilian Personnel," and recent policies of the Otfice 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 computer-based training system.  The 
following percentages of base pay will be used in computing the costs of 

civilian personnel services: 

Retirement 24.7% 
Health Insurance 3.5% 
Life Insurance     .5% 

The military and civilian pay rates, as weighted, do not include special 
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 
leave accruals, plus the average Government contributions for other benefits. 

SUNK COST 

A cost which is irrevoodbly  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 

as sunk. 
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Part C 

COMPUTER-BASED TRAINING SYSTEM ELEMENTS: 
DEFINITIONS AND COSTS 

I 0 

i  r 
i   l: 

]. 

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.  For Software, Instruc- 
tional System Development (ISP) 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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DEFINITIONS 

EQUIPMENT 

Included in this catecorv arp nil ^h«   
a computer-based training system (e! t^COmp0ncnts of ^"ipment related to 
memory requirements, temlnaL car^i«    ^puter  and Us  associated auxiliary 
included are local Interface l^rdl"; f^, ^7 audiovis^l devices).  Also 

receivers power ^J^J^l ^^^'J^^T'  T^1^ 
etc.  Replacement spares and renair tLt „„„<       \ f  checkout equipment, 

and Maintenance Phase. M^ntenance cos s 'deS tl*    T^*  '" ^  0peraCLü" 
before failure and mean time or cost to repair  f  M"', TT  SUCh aS mean time 

of every piece of equipment maintained       '     ' ^ lnCluded in the Costs 

EXAMPLE 

1. EQUIPMENT 

1.3   Auxiliary Audiovisunl Dovlcos 

ülKtiiKinn 
/  |    [    Umli 

 TJUAJLU i__ 

HUM 

Coil 
roui 
Con 

$ an 

_±jrv_ Hat 

*3.2öt 

. 

requÄ^L1 t" dt  1,ardWare;   eithtr — or  in-house, 
includes   the'installed machi^ or urouoTH    * Cai)abillt>' of  ^he  system.     [t 

of  input,   storage,   comp'Lg    co.'t^ora'nd out utirr^^.r^1"68 C0^^ 
the main computing element  to   mtom  ic tiv        r ' Which USe clrc"itry in 
operations by means  of  internally stored or l*?0™**^*^ «"d/or  logical 
instructions.     This element  includes    for I eternally controlled  programed 

capacity storage data challt at^n^t/^ut^t!'  a  ^^   ^^^   ^ 

portiS^S^^ef0^^^^^!^^" reqUirCd   t0  Pr0dUCe  the data disPl*y 
presentation of processed data or L^r T^T' necessary tü P^vide visual 

electronic or ele^tro^ctnL'l^v1;1      "i  t^ n^te" ^^^.^^ 
processing subsystem,   such as  flat  nanel  1-^^ .     ^ computing/ 
storage and retrieval  equipment ^Plays.   projection screens,   image data 

Auxiliary Audiovisual Devices-    This sui 
presents audiovisual  instructional mater^l     C^f0^y consists of  equipment which 
slide  projectors,  slide/tane unit,     in       l\   InC!uded  arc such devices as: 

-vie  nil Projectors^^rt^e'^o^r"^^,0^^^  Pr0JeCtürS'   ^^ 

16 
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t. EQUIPMENT 

1.1   Coiviputjii(s) 

«. 

b, 

u. 

d, 

UeH-,ii'jtiuii 

No, 
Units 

Unit 
Cost 

V.N1I 

10 

Total 
Cost 

GFE 

{A 

1.2   TorminnKs) 
IToPatt D|i.63l 

U 

( I 

c 

.1. 

1.3   Auxilinry Audiovisnai Devices 

b. 

c 

d. 

(To Pan 0|). 63) 

IToPnrl Dp M) 

17 
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.; JWsiaiffiwwwssFniBW", 

Auxiliary Memory:    Storno capaMUty dcsl^u-a 10 extend the core memory oi 
« comimteVTumav consist  of  »orial a.ooss devices  (e.g.. magnetic  tape    or 

an «cc-ss   (e.g", disc ov drum)  or possibly extended core storage    RCS)  o, 
.Vhilt roftlsters added to the main memory.    The medlvun  la electro-magnetic 
although paper tape could be used. 

;i 

Local  Interfaces:    nireet   transmission connectors ""^^u^^^ 
devlceV(dlseV "tape drivers.   CRTs,   etc.)  with  the computer  or   in  some eases with 

each other. 

.1 

Telephone Lines:    standard public corame 
up to Yooo'Vps)' usable  In computer-based  training systems. 

n-clal voice grade channels  (generally 

18 

I! , 

ü: 

Ü 

,! 

0 
1 

„_     
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1.4   Auxiliary Memory 

c 

nosttiptiun 
li      No. 
j     Units 

Unit 
Dost 

IS 

loi.il 
Cost 

OFF] 

i i 

Ho I'ml 0 p 03) 

1.5   Local Interfaats 

K $ $ 

b. 

c 
  —                  ——__•_ _  

d. 

$ 
t«—^rrr, 

ITol >ai i D p (U)) 

1.6   Telephone Lines 

*. 

h. 

c 

d. 

L9 
(ToPart OP B3J 

 .;  
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Special Linos:  Kiectrlcal conmvun lent Ion rl.-niiuvlH do«ttinod Ln handle 
computer duta transmisaion bctwoun two or more |)olnf:s. Tl\e circuits arc con- 
structod to transmit baud rates (or bit« per second) relevant to various grade 
of transmission; c.\\.,   300-3000 cps Cor voice grade channels or np to 50,000 
hand (or highur) for hlgh-spcod, wide-band digital transmission. 

Satenites: Karth orhltiny, electronic transmitters designed as high altitude 
mean» to covor a large goograplui: area and to reduce signal Interference caused 
hv high natural or matt-made structures. Satellite transmission is typically at 
higher frequencies than is stundard for receivers and therefore requires frequency 

converters at reception point.-;. 

Receivers:  Devices at the instructional site designed to capture the trans- 
mitted signals to convert them to inst nu-t or/stmlont usable form as a basis for 
training materials. These Include, for example, radios, TV monitors, ground 
receiving equipment relevant to satellite signals, etc., along with related 
equipment such as antenna, mount, amplifiers, converter, batteries and cable. 

, : 

: 

: 

Power Generating Equipment: When' oon-olectrlfled areas (or minimal power 
areas) aro used as reception sites electrical generating equipment, or battorte 
are required to activate receivers tor amplify) transmitlal signals over appro- 

prlat Q receivers . 

J i 

ü \ 

:o 
.1 :: 
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I 
. ■ ■ . 
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1.7   Special Linos \.M. 

\9 
UwniiUmn No. Uu., 

     $ 

1.8 Satellites 

*. 

K 

Jm~l [tut 

I  

(Tok'ju l>t,  n;^ 

• 

■ 

1 

• 

V 

1 

1.9   Revivers 

«. 

h. 

it 

  

- "— 

" 

e. 

(TwPsm Ou 63) 

1.10 Power Generating Equipment H\> t\»i ( l> n. t;;{) 
■ 

it 

*■ ' 

$ 

-—^  auJSMiQii.Bai 
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) 

.i 

RM>lcej'!(l"t. ^res and Repair Tost Fouiomont- vui 
cost of roplacemonf spare COTO^V^V^^T  lh S *"h™<**ory  Includes 

. 

5 i 

! I 

Q 

9 
       ,  
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• 

i':' 

1.11 Carrals 

t. 

b. 

c. 

d. 

Oescrlntion 
Nu. 

Units 
Unit 
Cost 

19 

Total 
Cost 

GFE 

I (To Pan D p, 63) 

1.12 Replacement Spares and Repair Test Equipment 

i,     '- 
; c. 

d. 

(To Pan Dp.63) 

1.13 Other Equipr^ nt 

a. 

b. 

I 23 

(To Part 0 p. 63) 
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FACILITIES 
n ^hP Dhvsical facilities required for housing 

Included in this category are all tne P"y°     f the computer-based training 

the equipment components, ^/f^^^ laboratories, large group instruction 
system. This category includes classrooms, * d other information 
Spaces, offices, infviduf learning ^  ^f^ the number of ^.^Jeet 

I     EXAMPLE 

1     2. FACILITIES 
2.4   OHices 

CjyiyLi^tZ*,' (PujHnvKdL. iso "      i «o 

$ nns-ij^j 

CUSsT^TT^ »ithin buildings 1. which training is administered to 

students. 

t^t^:/^ providing^ 

r/^ri^-as^ra/waSlrerdeUding upen the particuiar trarnrng 

situation. 

^eJroutinstructloiLSEaces:    included ^^^^rsT 
as auk?7iI7^W^u57dSiiS^ation rooms, etc., 

can be trained. 

> 

1 

. 

:1 

2A 

I 
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i: 

i 
D 

2. FACILITIES 

2.1   Classrooms 

c. 

d. 

Description 
|  " No. 
I      Units 

Unit 
Cost 

Yoai 

19 

Total 
Cost 

GFE 
(/) 

ITo Part D p. 64) 

2.2   Laboratories 

s 

t' 

a. 

b. 

c. 

d. 

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

• 

a. 

b. I 

: 

Ü 
2.4   Offices 

(To Port D p. 64) 

C. 

d. 

25 
 ]  

" .  ■■     • 

(To Part D p. 64) 
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Wvidual  Learning Spaces;    Tliia category   LncludoH JmlU-ln cnrruls and 
smfill  cublcleu wliiclv serve a« Hpacea For  Lndtvlduals to atudy ot  work by them- 
selves.     11   such carrola are im)vi>;ii)li«,  they would bo claHHifled aa Kqulpment. i 

ykr_aJie.s. and 9^y. J'V'PR^-J«'I Resource Centers: pi acoa in whIch pr im «d 
and other forma of mediated Information La atored 7ind .n r.m^d for use.  Included 
in this element are learning reaourco centers, d.lat.-ln TV and other Information 
retrieval systems, cti-. 

I 
i 

1 
d | 

o 
i 

26 

tv».. .,-. «« — ■ -.- ...,..„.» 
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2.5   Individual Learning Spaces 

; 

I    U 

I 
■ 

Ytwi 

r Oosciipiion 

: 

h. 

c. 

it. 

I 
l!l 

&  «  l!,:;:     1-'1 r«?i I'ud 

2.6   Libraries and Other Information Resource 
Centers 

2.7   Other Facilities 

h. 

C. 

d, 

i2!Lj Li^ 
    t 

 $. 

i illicit i)(1 (j.,) 

(To Mart 0 p (Ml 

2? 
(ToPart Dp (i.|) 

m^ -^■—  J 
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SOFTWARE 

This category of the computcr-baaed training syatet« LncUuleH svstoms 
programming support, genoraJ appiicationa programs, dlagnoatlo and cho.ekoul 

softwara, utility programs, etc. 

EXAMPLE 
3, sonwAiu 
3.1   5>VJUmi» l'ioflrntv» 

DrutiiKion 

NOD 
IVMIMMII"! IVdOHttH IVuumwl \ ßUl 

MhM.H CniU Cftiti Cmt* 

fob       UbS     HSO    J^VS 

Systems Programs: The underlying software neceaaary lor the control of ;i 
computer system, including operating systems, monitors, oxocuttves, peripheral 

device interfaces, oiv-. 

on d 
uaef 

General Applications Programs: Those computer iirogram« which «re dependeni 
lata bases for their use hut which can ho run on v.uious maclilnes and have 
ruiness independent of ,-. specific course ol Instruclhni (o.g., SPSf/ J^1'11 

Statistical Packages, Compilers, Assemblers and Intcrpretors such as IORTUAN, 
BASIC, COURSEWRITEU, or certain Interactive CA1 fvmctlons). 

Diaynostic/Test Programs: Special purpose (n-ograms used primarily to lost 
the operation of computer system hardware components.  Kx.-mplcs Include 
diagnostics to Locate damaged tape or disk surfaces, faulty soot ions ol computer 
memory, transmission errors on telecommunication links,  lliagnostlc programs 
often operate Independently ol a computer's operating system software. 

.\s 

I 
,,r,..,,.„-.. . 
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3. SOFTWARE 
3.1   Systems Programs 

Descfipiion 
Personnel 

Hunts 
I'« i sonne I 

Cnsls 

Noiv- 
I'lMsnnnul 

Ousts 
Total 
Costs 

YlMI 

I9_ 

GFE 

i 

: . 

. 

u 
Ö 

3.2   General Applications Programs 

a. 

b. 

c. 

d. 

$ 

(To Pan Dp. 64) 

(lol'.lll  |1 p   (i.l) 

3.3   Diagnostic/Test Programs 

D 

I 

a. 

b. 

29 

.'   -•:■■■    ■   ■ ^ 

$ 

IToPan Dp,84) 

'^~>*w»»<«i»,wllMI|,i|ti|1MMMM[gw 

_^ L 



^ßm^^w^w^' S^ü^ -———-— »**B 

representation  (e v      AQPTT'»   . sk  fllt's,   convert   Fil««   .v       'nc',Kk 
vi-.t-,  ASCIJ)   to another,  etc. ''los   i runi U|RI data : 

I 

0 

30 

If 
i 
   ; ..-..,      -. .:.     .. 

o Li 

li 

I 
i 

M 
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34   utility Programs YlMf 

1<) 

l\lon 
Personnol    +   Pef$0nne| 

Cos's '        Costs 
Totul 
Cosls 

GfE 

b, 

c 

— s 

3.5   Other Computer Programs 
1 

(ToPiiri Dp. 64) 

«. 

—■ ~    — $ $ b. S 

d. 

—— 
  

—     — 
  

~ —■—- 

e. 

$ 

(To Part Dp, r,4) 

I    1 1 

1 

I 

11 
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INSTRUCTIONAL SYSTLM DEVELOPMENT (ISO) ACTIVITIES 
i 

This category Includes the costs Incurred during the process ol ImpUMIRMIting 
and controlling the qmility of the Instruction. The activities covered in this 
category are described In IS!) Phases IV and IV (Implement and Control).  However, 
for purposes of this specification, this category does not Include the costs ol 
actually r_c?vl_sijig the test items and instinction.il materials (see Category 5— 
Enstructiona] Methods/Materials). 

EXAMPLE 

4. INSTRUCTIONAL SYSTEM DEVELOPMENT (liTD) ACTIVITIES 
4.1   Implaiiwnl (PtM» IV) 
4.1.1 lli)ila«ni*nt Tiaining nl Sit« IVunnnrl 

Dttctititioii 

7 

(Viinitiipl 
Moms 

IVfMinnri 
Covu 

h'isoniicl 
Cnvh 

$ / g,jH 

i' i 

Implement (Phase IV);  Staff training Is required lor the implementation 
of the instructional management plan and the Instruct ion.  Some key personnol 
must be trained to be managers in the specified management plan.  The instrnction.il 
staff must be trained to conduct the instruction and collect evaluative data on 
all of the Instructional components.  At the completion cf each instructional 
cycle., management staff should be able to use the collected information to "improve 
the Instructional system.  The outcomes of this phase arc: 

• Documents containing information on time, space, student and Instruc- 
tional resources, and staff trained to conduct the instruction. 

• A completed cycle of instruction with Information needed to improve 
it for the succeeding cycle. 

Replacement Training of Site Personnel: This element refers to all the 
training services, courses, devices, accessories, aids, equipment, facilities, 
and parts used to facilitate instruction through which replacement personnel 
will acquire the skills necessary to operate and maintain the computer-based 
training system. 

Instructor Pay and Allowances; The cost of civilian and military 
personnel. Involved directly in the administration of the training program(s). 

)2 

1   - ?'   1- 
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4. INSTRUCTIONAL SYSTEM DEVELOPMENT (ISO) ACTIVITIES 
4.1   Implement (Phttsa IV) 
4,1.1 R«phic«imnt TVaining of Site Pttnomwl 

! 

i. 

HiiMiiplinn 
Peitonnel 

Houti 
IVismmiM 

Cosls 

Nun 
PM sonnet 

Costs 

N IMI 

18 

1 OI.lt 

Costs 
GF5 
hi 

c 

ll. 

I. 

4,1.2 Instructor Pay «nd Allowancas 

ttoi«   .«>) 

b. 

i 

c 

tV\M. 381 

i 

( 

%>> 

Erf- 

■■    •■J ■■:.)> 
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person Sw^^l^^;   Je cos, ,,, .wn. ultary 
(s) 

I 

Total Implementation Costs: j^j^j^jeiiitMiLdtion Losts:     Enter rntil   rnoho   ,1.1, 
4.1.1   thru rfXl^hT^cirproviSL.     s^ the^ co    s "o    "^^J^^- 
cost of the 4.1 subcateonrv      T •„,   r      .1 , arrive at   a/tota 
TCBS  Matrix  (Part  1))       '    '* ^^  ^ *"" t0  the ;'PPropri ato   line of   ,h, 

1 
le 

J4 

 .        .    . , 

: 

0 

1 
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i 
4.1.3 Student Pay and Allowances 

Dejctipiioii Personnel 
Hums 

Personnel    ^    Personnel 
Costs c..sIS 

Tutdl 
Costs 

Yttai 

19. 

GFE 

I') 

41.4 Other Costs of Implementing I nstruction 

a. 

b. 

(below) 

(below) 

I. 

Total Implementation Costs (4.1) 

Replacement Training of Site Personnel (4.1.1) 

instructor Pay and Allowances (4.1.2) 

Student Pay and Allowances (4.1.3) 

Other Costs of Implementing Instruction (4.1.4) 

Total 4.1 

35 

$ 

(To Part Dp. 65) 
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Control {Phased):  The first activity in this Phase (internal evaluation) 
is the analysis of learner performance in the course to determine instances of 
deficient or irrelevant instruction.  The evaluation team then suggests solutions 
for the problems.  In the external evaluation, personnel assess j, h 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  For 
purposes of this specification,  revision of instructional materials and tests will 
not_be costed tn this subcategory.     Rather subcategories 6.1  - 5.11 are to be 
entered with that information.     The outcomes of th5s phase are: 

• Data on instructional effectiveness, 
o Data on job performance in the field. 

• Instructional system revision plans based on empirical data. 

36 

Q 
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I 4.2   Control (Phase V) 

b. 

c. 

d. 

Description 
h'isumu'l 

Hours 
Peisonnsl 

Costs 

Nan 
Personnel 

Costs 

Yuai 

19 

Total 
Costs 

GFE 

M 

: 

( 

: 

I . 

4.3   Other Instructional System Development (ISO) Activities 
(To Part D p. 65) 

i 0 

i Ü 
(To Part D p. 65) 

t J 

37 
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INSTRUCTIONAL METHODS/MATERIALS 

Included  here are all   forms of   instructional  methods,  materials,  and   tests 
in the computer-based  training program.     All  print  and  mediated   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  computer  displays,   etc.      Indicate   the 
estimated number of course hours  for each element  of   Instruction revised  or added 
to  the  system. 

EXAMPLE 

5. INSTRUCTIONAt METHODS MATERIAtS 
5.9   Comptitet Administered Instructional Materials 
h a 2 SimuUlinit 

[tfuntiliim 

Lit 
Cu'jivf 
Huim 

lH.w 
ted 

No« 
tVm et •    i'momtel    ■ loin 

liivls Cum Com 
GFE 
[A 

11.     Id"?  * 33. /if   s7,3'J3     iJtOjijni 

W.    SJikl 122Ä13.   iUdÜ.    IllJlL 

'litun 

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

Audiovisual Mediated   instructional   materials 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  on   film designed   to  he 
viewed only.     Included   in  this  subcategory  are  slides,   overhead  transparencies, 
film strips,   silent  motion  pictures,   etc..   In which  text   as well   as  pictures  are 
presented. 

LI 

Leeture/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. 

n 
u I 

38 
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5. INSTRUCTIONAL METHODS/MATERIALS 
5.1   Audio 

Ytmi 

lluurü 
to 

Kiivisu/ 
I'u'liiiii' 

II 

t 

I  ii 
i Li 

c. 

ii. 

5.2  Audiovisual 

«. 

b. 

c. 

d. 

(In Purl Dp, («)) 

5.3   Film/Toxt/Visu«l (In I'dil 0 (i, Ii!, 

a. 

b. 

c, 

d. 

I 
5.4   Locture/Demoustnition (To I'dil I>|1  (i!.) 

' 
— $ L $ 

1 
c. __ 

""■"'■"■" "'        ■" 

1 
1 

d._ 

».  

— 

. . „    . -*  ;:;:^r: 
19 

=w 

$ 

(To • m ; Dp üb) i 
i i ..fe^HI 
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Group Disciission/Seminar:    A small number uf studentB enßüged  In  Interactive 
uxchanVo oT'lnYonua'iionahoul. .» j>ivL>n topLc.    The  Instructor mav or may not 

partlcIpute. 

Perfonnance/Practice:    KxtM-cisea for the student   to rehearao a skill   (I) with 
Oeedback (guided practice),  or  (2)  without   feedback  (undivided  practice)  on  the 
student's perfornmnce of  the skill. 

! 

Tutoring  (peer or Other):     A  form of   Inatruction   involving one-to-one 
alo^Vo'iwoon'insinu-tVonal   agent   (teacher,   follow student   or other)  and di 

student 

Printed Text/Visual:  Inatructlonal materlala that are printed on paper 
included in this subcategory are books, training manua.la, pn»gramuiot) texts, 

printouts, forms, aswoll as printed photogrnpha, etc. 

Ad 
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5.5   Group Discussion/Seminar 

Description 

b. 

c 

d. 

5.6   Performance/Practice 

d. 

8. 

I. 

0 
0 
0 

5.7   Tutoring (peer or other) 

a. 

b. 

c. 

d. 

«. 

5.8   Printed Text/Visual 

Est 
Coii'jc 
llinns 

n 

YlMI 

Hours 
in 

Httwiso/ 
PiKpain 

19 

Nun 
Personnel    4    PersunnBl 

Costs Costs 
Total 

Costs CO 

.'In ' .in D p CB1 

(To I'm I I) p (i>,| 

(To Pan |) p (ü,) 

. 

■ ■Jlf -  .  (To Pi»i U n «I.» 
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1,111,11   !>i i torraance. 
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simulation:    safetv  in „l   ■      ^ subsequent  tralnino im*      " (lul ,u   Progress and 
scoping roal-w   - ."M    Performing dangerous and crltSl  ^i    J"8tlflcation  For 
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5.9   Computer-Administered Instructional Materials YlMI 

)'l 

5.9.1 Drill and Practicu 

b. 

c. 

d. 

e. 

Ooscription 

E$t. 
Course 
Hours 

Hours 
to 

Reviss/ 
Prapara 

Non- 
Pnrsonnal     •    Parsonnol    -      Total 

Costs Costs Costs 
GFE 
(0 

5.9.2 Simulation 

(Top. «I?) 

a. 

b. 

d. 

o. 

5.9.3 Games 

a. 

b. 

c 

d. 

(To |i '1/1 

do p,-1/) 
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Tutorial;  An instructional situation in which the student intoructs 
with a model of a teacher, the model being resilient in the computer.  It can 
encompass all or some of the Instructional program, governing (dialogue) sequence 
of materials, feedback rules, strategies for Simulation, games, drill and practice 
or other related instructional paradigms.  Depend lug upon computer sophistication, 
and instructional needs, automation of Instructional prescript ion, resource 
allocation, and record-keeping can be partial or total. 

Problem-Solving: Due of the most common Instructional forms consists 
of quantitative problems generated by stored algorithms. The student interacts 
by inputting step-by-step process solutions at a terminal device or the student 
solves the problem on paper and Inputs his answer. 

Inquiry;  The student forms questions which lie .uUiress.-s to the 
computer system. He may use natural language or some easy-to-learn subset of 
the language.  The system processes the questions usually using key words and 
searching stored algorithms to provide an answer.  This activity is often 
ca1 led Information retrieval. 

A A 
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i 5.9.4 Tutorial 
i  19_ 

Description 

Est. 
Course 
Hours 

iiours 
to 

Revise/ 
Prepare 

Personnel 
Costs 

Non- 
+    Pursonnel 

Costs 
= Total 

Costs 
GFE 
(A 

j 

( 

c 

e 

>. 
$ $ L 

). 

*• 

1. 

$ 

. 

(To p. 47) 

5.9.5 Problem-Solving 

a. 

b. 

c._ 

d. 

(To p, 4V) 

L 

0 5.9.6 inquiry 

a. 

b. 

c. 

d. 

■ 

A 5 
(To p, 47) 
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Specific Aj»j)l ic;il IDUS IMoyrams:  Comjvutor programs written Lo s.itisiv 
a specific Instruct.loua 1 loj>lc renulrement in a glveu course.  These programs 
are both data aiul course dependent (such as unique algoritlmä written for 
Physics l problems for a particular instructor). They are usually written in a 
CAl language although they could also be written In a machine assembly language. 

Total Computer-Admin1stered Instructional Materials Costs: Knter total 
costs obtained in subcategories '3.'hi thru 5.9,8 in the spaces provided.  Sum 
these costs to arrive at. a total cost of the 5.9 subcatogory.  Transler this sum 
to the appropriate lines of the TGBS matrix (lJarl 0"). 

■'.(> 
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I 

1.1 

Q 
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5.9.7 Specific Applications Programs 

Description 

a. 

b. 

c 

d. 

a. 

Est 

Moms 

Hours 
(o 

Hoviso/ 
ft fi naii! 

Non- 
Pi)isünm>l     ^     Porsonnol    •       Total 

Costs Costs Costs 

19 

GFJE 
CO 

5.9.8 Other Computer-Administorcd Instructional Materials 

Ibolovul 

b. 

c 

d. 

I  U 
Total Computer-Administered Instructionol 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 

tlwlovn) 

(To PiiiI II p, ii>,| 

.. 7 

■   '   . ■      ■ 

i . 



Tests-  In the broadest sense, tests are materials presented to targeted 

BP^^^^TS^B^SJ  
.!l!hP indirect e g.. the student describes by paper and pencil bow he 
te8ts may ^ ^il§£t. ^8- ^     these niateriais sample student performance 

r ng or"   he end o a "arming slquence. They may be used solely to di.i^nose 
current ev 1 of achievement or they may be used in addition to ^p^ 
sequences of instruction.  If used strictly for diagnosis, the test items are 

usually presented without feedback of correct answers. 

Pnner and Pencil:  These are verbal materials.  Generally these 

index for predicting achievement in the criterion environment (e.g., job 

proficiency). 

Performance Test*:  Materials are thoae »1th which ^.""^ Jta5^  e 

given portions of Job-tasks to perform.  These tasks are representative, critical 

to job-performance, or both. 

48 
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5.10 Other Instructional Methods/Materials 

«. 

b. 

c 

d. 

Description 

Est 
Course 
Hours 

Hours 
to 

Revisu/ 
Propaio 

Non- 
PeisomiBl     +    Personnel 

Costs Costs 

Yr, 

1!) 

Total 
Costs (A 

(To Pan Dp ßs) 

5.11 Tests 

5.11.1    Paper and Pencil 

a. 

"     ' -—        L   $    i 
b.         ___^ '   

c.  

d.   ' 

e.  " 

5.11,2    Performance Tests (Top. 51) 

* $ $ S 

$ 

b. 

c 

d. 

e. 
—  

49 
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to admlnlstar tests o„-ll„a.      
!,':"11'nt diaSnosis and prescriptionj and (d) 

D 

IoJ^l_Jes^_Preparation Costs-    p . 

of the TCBS matrix (Part ^^'     ^«"sfer this sum to the appropriate line 

i 
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5.11.3    Computer-Supported Testing 

Description 

Est, 
ICouise 
Hours 

Hours 
to 

Ritvise/ 
Prepcro 

b. 

c 

d. 

i , 

1. 

5.11.4    Other Tests (below) 

i.'- 
d. 

e. 

(bolow) 

: 

: 

! 

D 

Total Test Preparation Costs (5.11) 

Paper & Pencil (5.11.1) 

Performance Tests (5.11.2) 

Computer Supported Testing (5.11.3) 

Other Tests (5.11.4) 

Total 5.11 $ 

(To Pan o p, 65) 
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SYSTEM MANAGEMENT 

This Ccitegory includes the management effort costs expended in the process 
of operating, maintaining and supporting the operational computer-based 
training system.  It includes costs associated with program management, etc. 

EXAMPLE 

6. SYSTEM MANAGEMENT 

6,1   Program/Project Mnnngemcnt 

DeicniMiun 
PiMiümiel 

Minus 
Ptiitmnel 

Com 

Nun 
t'muiini'i 

Cam 
I mal 
Cnsii 

GFI 
\> l 

U*o    LL£H3 i - 
JiFP^     L&M  =L JßajM 

'llOll 

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 maintenance support, personnel training, 
operational testing, activation, or deployment of a system. 

Li i 

. 
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6. SYSTEM MANAGEMENT 
6.1   Progrum/Proioct Munugomont 

Ymii 

l>) 

Ooscrlptiun 
I'mnnnnl 

Hosts 

Non 
I'OISDIIIIDI 

Costs 
Total 
Costs 

GFE 

n. 

•»■. 

c, 

d, 

6.2   Other Direct Munugomont Costs 
(To I'mi Dp (il'O 

n. 

C, . 

d. 

(To I'm t Dp, 06) 

M 
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OTHER DIRECT COSTS 

EXAMPLE 

7. OTHEH DlflECT COSTS 

74 Contraoti/SubcontriKiti 

I r c"" j 

Uä 
Supplies: i.HPPnes;    This subcntegory consist m    ,11 amployKi "■the —'- - 1"::;: "^ ":;;;;;l;:::i;;,:r;;;:-,;;:':;':; 

1 
1 

1 

JXaveJ:     [ncluded  In this subcntouorv   „v   .n   ^ 
tation coatH,   nor die 

Consultants:     TIU« subcategorv  Includes costs ... 
services required   In Liu- direct operation «1 mw."1^ Wi,h unl{^l,0 P^*««"' 
training systcn,  arranged  for ^[n^Z/S^^ ^   the "«nn.ter-basod 
•sponsor. M,l   l,rimo contractor or Govornmonl   ov other 

U 

v, 

l.,.!,^,»^,^*»«^* fci'tlrM     -«■■-—     •-■ - ■  ...   '   '  . : :       

I 
.1 

I 
I 

ll 

I 
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7. OTHER DIRECT COSTS 

7.1   Supplies 
Yon. 

Doscription DG 
I!) 

No. Unit 
Units Cost 

«. 

b. 

c. 

d. 

Total      I   [GFE 

-I0"  I Li 6 

7.2   Travel 

Description 

7.3   Consultants 

(To l\ii i i) „, eg) 

] r co" i 

(To I',» i U p, Gt!) 

Ü 

(ToPart Dp,68) 
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5 

ij 

7.4   Contracts/Subcontracts 

Detcription 

7.5 Other Direct Costs 

I!) 

Cost 

(toPan Dp.661 

(TdPafi On «Gl 
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TRAINING COST BREAKDOWN STRUCTURE (TCBS) MATRIX 
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Part D 

TRAINING COST BREAKDOWN STRUCTURE (TCBS) MATRIX 

In this part of the specification, a matrix is provided for enterina 
total yearly costs of operating and maintaining the computer-based 
training system.  For purposes of obtaining total Operation and 
Maintenance costs, the element costs shown in Part C are to be summed 
tor each subcategory and entered into the appropriate row of the TCBS 
matrxx. All costs should be presented in the year expended.  As noted 
in Part B, General Costing Assumptions and Definitions, all costs should 
be expressed in constant dollars (using the present year as the base 
year).  Total costs for each category are to be calculated and entered for 
each year.  These total category costs are then to be summed to arrive 
at total Operation and Maintenance costs for each year covered in this 
Phase of the system's life cycle. 

- . v'JjJSBB 
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Part E 

TRAINING EFFECTIVENESS ASSUMPTIONS AND DEFINITIONS 

In this section of the specification, guidance, definitions, and 
procedures are provided for the measurement of training system 
effectiveness.  A general discussirn of evaluation and effectiveness is 
followed by definitions of terms used in this specification.  Effective- 
ness measures are described and procedures recommended for acquiring this 
information. 

EVALUATION OF TRAINING EFFECTIVENESS 

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 to the two sets of training goals which exist for a 
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 
achieved. 

.. 

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

D 

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- 
ments cannot be taken immediataly following course completion, then they 
should be obtained as soon as- possible from the job or operational 
setting. 

•  Evaluation. Evaluation has as its major characteristic the deter- 
mination of value, worth, or merit.  It has a more general meaning than 
effectiveness.  While training effectiveness data can be 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. 
Wien evaluation  procedures  are   used   for course  i^^enTTü^ f*  -d   f, 

formative  evaluation is   that   nrn.fo     T    , formative."    Therefore, 
ongoing initial pr^ deveio'pmen S ^• '  T^T* ^^n during 
during  thT^i^lopment  Phase and/or'thin     f0rmat;iVe  Proces«  ^y  occur 
of   the computer-based   training system H?'"?

0
" ^  Maintenan-   Phase 

diagnose and  correct  the weaknesses !f.       ^       *     ltS  PUrpOSe  is   to 

evaluation are  acted  upoViS iy^in  ^rolrZ'moJJfi"^'^  ^   ^ 
be  concerned with   the different^!   Z  ^n,[r0?rani modification.     One  may 

tional components  to  U.  tota   '      eca  e^^f  the^ ^   the  inHtrUt;- 
effectiveness  of  individual  course section! u      C0UrSe-     The   training 
of measures  and  techniques  designed   'f       f?    t  eXamlned  ^   the  use 
example,  achievement optima measures "for .^^ ^  ^ PUrpOSe-     (F- 
criteria.)     These measures mav not h!  for/ntermediate,  within-course 

the  same as   those needed    or  judgng^he'eff1:  T'  ^^ ^iiljiot  be. 
course. judging  the  effectiveness  of   the   total 

•   Summative Evaluation     TM., - c 
^e P-rp^T^T^^^inl^L^  °f/val^tion  is  performed   for 

to  its  ability  to  produL  JaduL     P r"16"'^   trainln8 pr0^am "^   aspect 

of Perforn.nce7.     In
P tht^ttL6  .^^^^t^f'ff "^^ ^^ 

may be  external   to   the system      Onlv  let  Cri
l
teria of  effective   training 

as  producing successful grates  can  th"       t "^ ^ b^ «"ablished 
transfer  to  a job  or   to 3^  ^u se    be^lS ^/^^"-^   ^r 
summative evaluation can Hpf-0r-mi- ,     ,        aPPlled-     In addition,   a 
use was made of  edu^^r^l^6^ ^ -t  ^^ *"*  ^-tive 
after instructional development     ^ Summatlve evaluation should  occur 

operational and adminis    a ^ Ic  ^ tLT^Th3"' "filizati-  of 
uation are of primary concern  t-n^f* e results  °f such  an eval- 

program is   to be  contin edT H^T It " he T^ ^^ ^ ^ a 

of policy decisions  that do not  neces*     ii;  .n ^      "'  Pr0VideS   the basis 

or a product.     Once  the success  of   th^     y  .      ^ revision of  a program 
established,   comparisons  ca       1 efi^^  Xlv".      "H   T^^ '* 
means  of  producing successful graduates  ^e "ede between  it  and other- 
instruction or  other means  of  Sf  1   V '   Conventio^l  lock-step 

valuation generally wm occur durSth   X™truCt±0^'     This   type of' 
occur during  the Operation and  Maintenance  Phase. 

•   Training Effectivenp«;«:     TI • 
^at  trai^^t-J^~^e-ntJ^S

0 IZY^3  t0  the SPecific -«ects 
are usually measured  in terms  of  .he  tl^'  'T^1^     These  effects 
training goals/objectives! and/or  in  the  /     '0ok

f^
d^   *> reach  given 

Training effectiveness  da a should be ^n!if!  ^ achieveme«  reached, 
to which a  training course nr^. collected  to determine  the degree 
This  can only be d^e00^3^:^^^H

achie-S  ^s  established  goals! 

Effectiveness  relates  to    he b^^8/ ^^ ^^  0f  ^ Gaining  program, 
effects  of  training are  iudsed  aTZ  ?0n^Pt  of   evaluation  in  that   the 

to the  goals  and ob^Ä thetai^g ^ogr^1^16 ^  ref— 

or s.lu'm^^^-JZ a^ntlrtiL0  ^ tT" "'  ^^ 
gain.     Thus,   for example    a  ^   "e am

i
OUnt  of/ime  spent  in achieving  the 
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Course« efOiciency rBfora to the number oE studenta who Hucceaafully 
achieve training \\oi\\n  per unit time or within given training reHources, 

i 

1 : 

TRAINING EFFECTIVENESS MEASURES 

Several typos of meusurementH for asHUHBlng truinlng oi i on i vom-ss 
aro poaaible. Foremoa« among these are direct measures of student 
achievement which reflect attainment of course goals and learning 
objectives. These measurements axw  be In terms oi test scores, gain 
scores, time to achieve mastery, number of objectives mastered, etc. 
The specific meuaurements selected should correspond to the requirements 

as stated In each course's train lug objectives. 

Effectiveness measures may be either short term or long term.  SJuirt- 
torm measures can reflect the attainment of Intermediate goals within a 
course, as well as final goals, such as end-of-courso achievement, l.oug- 
terro measures are designed to assess the transfer of the effects ol 

training to other environments. 

In the Ideal case, the effectiveness of a training program should be 
evaluated from the viewpoint of long-term as well us short-term criteria 
measures. However, many Intervening factors and events, as well as 
attitude changes, can take place and effect the long-term measures. 
totally unrelated to the course of Instruction. 

As It Is usually Impractical to account for these Intervening factors, 
the validity of long-term measures decreases the longer these measures 
are separated In time from the training that Is being evaluated. 

Therefore, for most uses oi this specification, the training effec- 
tiveness of a course should be assessed Immediately upon completion ol 
that course.  Tests administered at that time are the most direct and 
relatively unconfonnded measures of training effectiveness. 

Other measurements that might be taken which could reflect attain- 
ment of training program goals can be categorized as:  attitude and other 
affective measures; ratings of achievement (student and/or instructor); 
and unanticipated secondary effects.  It Is important to look at as many 
meaningful outcomes of a program as possible oven 11 they were not ant Id- 
patod In the program's stated goals and objectives.  It is highly probable 
that if the course goals and objectives were stated completely, an 
absence of nenative side effects would he desired and, in many cases, 

insisted upon by the training developers. 

To describe the overall training effectiveness ol a course or 
training system, the individual student measurements need to be accumu- 
lated and summarized.  Measures of central tendency (e.g., means, 
medians, modes), ranges, frequencies and other descriptive statistical 

indices can he used for this purpose. 

Once measurements have been made and summarised, the resulting data 
must be compared with standards or criteria which reflect the training 
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goals.    Tlius,  the units of moasurumont  must  eovreHpond  to ilu» units ol 
the criterion for ivu-h training offectlvenenH dlmonaloii. 

• AL)S{Mit.eo Rntos. This miMsun' idois to the avorago pörccmtagt' 
ol students who are not present for training on any glvon day for eacii 
course. 

• AocuvMcy Scoi'os.     Accuracy acoroa   Indicate tiro  level  ot   achieve- 
ment   reached within certain  tolerances on specific scales.     These scores 
reflect   the quality or precision oi   performance!     Such scores can be 
described  in terms oI the number of positive   Instances   (correct   Items)  or 
the number of errors made on a given scale. 

t    Adnovomotlt. Moasuros,     Tlieso  measures  either  reflect   si u.lent 
achievement  or wlthln-course enabling objectives or assess end-of-coursc 
proficiency.     In order  for  this kind ol   asaeasment   to he possible,   the 
objectives musl   bo explicitly stated and  translated   Into performance or 
behavioraJ   terms.     Examples ol   siu-h aclilevement   meaaures vould he scores 
on criterion-referenced  tests  related  to objectives,  iU-  gain scores 
taking  Into accounl   the   Initial  proftclenoy   level  o\   each student.     Addi- 
tional  scores  that   can be used  to describe a  student's   level  ol   achieve- 
ment  are;    number of  objectives mastered,  skill   level  attained,  etc.     All 
of those would he objective-baaed achievement   scores.     NormalIw  (norm- 
referenced)   test   scores,   or a student's   class standing are achievement 
scores  that   are used when comparing each student's  performance with  that 
ot  the class  as a whole.     11   achievement   score,'; are used  to compare  the 
effectiveness of different   training programs,  a considerable el Ion 
should be undertaken  to   Identify  the differences  thai   may exist   in 
training objectives and/or student   population characteristics. 

Obj&otuu?. achievement   or performance  tests  are  the best   means ol 
measuring training effectiveness.    These  tests contain   Items or  tasks 
which cannot   he answered or performed  correctly without   the henelli   ol 
training.    Thus,they  reflect   directly on  training effectIveness. 

/'.(/vc-,)>;,/-/'(•>;,'//   /,';!/;!  can he  used   to  acquire  data  on  achieved 
level  of Job knowledge.     Such  tests are used   for obtaining data on student 
proficiency  at   recall   or  recognition ol   lads,   principles,   or  procedures, 
and   In  the application  ol   such  knowledges. 

/Vi'J''m, (M. v ttfütti  consist   ol   systematic observation and scoring ol 
the performance of  students   In  teal   situations which  sample actual   |ob 
operations and requirements.    This can occur  In either  the actual  or 
simulated  Job environment.     Performance  tests are most   appropriate  for 
evaluating  the el Iect Iveness ol   technical   skill   training. 

('.w/'NiVi'-uN/'/vM'/V,/ /I'J!/)!   consist   ol    those   tests   that   are  administered 
by  the computer and/or require the student   to  input   responses on-line. 

.'Mv't W/'iV measures  yield data based  on  opinions  about   the  proficiency 
ol   the student/graduate,   rather  than direct   measurements ol   skill  or 
knowledge.    Though not   as   Informative and useful  as objective measures, 
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subjective measures and Instruments often provide the onlv Drarr I 
for assessing training effectiveness. .AJ-;,',„ , ' •,,. .  ■ ^ .ü""^"1 T""" 

ITL:^:^™ are 0fte" ^ "'- '-""«   fs'inal,1,;)|.;u'te,,„i.;'-' 

traiatng^5^^  ^IrT^t^'^T "T™ " 

=:f^t^r:r-r-LS L ^rl:" 
for interpreting the proficiency ^^^T^Jt" * "^ 

dropped  from the  training program      It  -,1«.   i     i   ^     Cr"eria dnci are 

voiu„tarily leave t„e trfiSinl T^ ^l^l^l^ZlT 

prior'to^iSio/^- iir^^iiTitiiT^ir6 rcisim (i- 
Instruction was „ortl,  the  lnvestme"l" dollars      the rfj.^," T" <>f 

rvLio^air-ttt ^grf,^ ^ 

priatelv su-nri.ed to dtShfota    "otL^f?:: i^Lr'lf^fr0- 
or other measures of central   tendency are used to refL" twining 
effectiveness,   the,, similar criterion v„l„aa „eed  to ifLtlbJlshed. 

•    Criterion-Referenrpfl TP<;I-Q     TI ^ 
ment is I^when Per^^ "—" 
empirically or  rationally  established stä^dardf    ?> eValUfed  a8alnst 

is usually  derived   Prom an  analy        of    1      ,  L ".a    s'  ZTT* T^* 
is designed.     There can be paper-and-pencll    as    ^      '       1 Crainin8 

based  criterion-referenced   tesf^      r.f!    J   '  as.we11 as   Performance- 

contrasted with nor^LrercL ^asuresir^icrr06?  teStS are USUally 

how individuals  compare with  eac    other       CrltPr n r'   int:e"Sted  in 

indicate the degree of achievement of I'stSdlrK^T^  teStS  Can 

equivalent  post-test^olLwing a^nt^l^rStr" tio"^^ ^in 
(difference between  pre-  and  n^^t-^n^f■(a^   ^ • .   J-"f,LLUCi:ion-      'he gam 
effectivpnPQ«       n , ' tests)   is  said  to  be   the  measure of 

of his  initial  level  In  rhn  «nn   ,    >'11,Utl  Dy '" student   is  a  function 

a sufficient meagre      1 ^ stL „ s ^teTtr»;     T"e'-<äf0"'   " '» "« 
low levels of  the sUll   for ZtTl^l   "^^ZT"  ^^ 
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menta to exhibit expertise  in a S^en cour required number oi 
terms,   it   Is often used  to ^^^^^f^pe^ormance.     If   Instruc- 
objectives at  a minimally a"f^)"0.go" basis   (achievement  or not)   per 

"f "BO" declslonB   In ".-.lor tn complete  the course. 

to  .„üloaürVÖUtlve kaolins .«ong Airs ot « glve^^ ^^ ^^ m.u 

Ihey ate ^^«^1X0°     "to   acMe^ent ogoloec estahUshed 
used  to measure   liut IVIUIKIL 

standards. 
1    iir.w.t qublective  measures  of  elTective- 

•    Ratings.     Ratings are  ^direct subject! obtalned>   they 
nes8.    WhilT^tings have  the advantage -l   ^    ^^ artl   Lndirect 
often have  low -^«"11^  ^ -lid    y       A«  rati  ^ ;___>      ^   ^ 

measures  of  perfortnance.   they  '' •'.     j over  t-lmo  iron,  the same 
often difficult  to obtain ^^^^iXm}  time  (inter-rater 
individual,   and  from several   ^^J^  f£ 

reliability) without:   training the  taters. 
r „-o   t n  the number or percentage .    Rec^lesJWashbacks).    This  term refers  to  the nu        ^ J^ 

o£  studeTTtf^-^ forced  ^ ^ ^t^ü^^L section's   required 
„ore  than once,  based  upon  '-1  ^^ \;   ^ ^ e  students are  then  recycled 
^gHL^n^^tll^andT^^^/^ortunitv   to    taUe the criterion 

test(s)   again. 

ago of personnel "'"""";'  ,ervlce.  However, roenllstment can 

£vr«urofi;;; :e"aS9
s:Xtr, s u, ^ ^^ ™  

on the .,a,sis of  tho.r P»"«1» , " ""^"^UcehlUt, of  the data  that 
rfoliSe""" 5::,;:; ^r.iru.-'.Vdo..,,'.,..,.. .„u,... a,- data „„u^ 
the data are  reliable. 

§ Sigeed Scores, 
performance. 

. . t-ha  rni-p of acceptable task This term reters to the ra^ ol ac P 
_Jcores. This ^^V ^ ^ ^, .^Ehe standard for certain 

performance. If time or ^od o je^^^ effectiveness must reflect 

training objectives, then «f^^0^^^ performed In a given time, a 
this criterion dimension. If ^H' ould be the number of students who 
possible effectiveness measure to "^ ^^ ^d score could be the number 
perform acceptably in that time. Another s,c ^ ^ a cer ercent, 

of steps or activities in a task u L the scores used to 

criteria. 
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• Throughput. This raeaaure ceEers to the number of students 
passing a wlthin-course requirement IHM- unit time, or the number of 
students completing the course per unit time.  In this sense, It is an 
index of the efficiency of a training program, 

• Time Measures 

Course Time.  This measure refers to the total number of hours, 
days, weeks or other time units a student spends In a given course in 
order to reach mastery of the required objectives, 
of training time and testing time—see below. 

It represents the sum 

Training Time.  This measure represents the time actually spent in 
learning the subject matter and practicing the skills to be acquired,  it 
does not contain time devoted to non-academic subjects, in- and out- 
processing, and other activities unrelated to the instruction.  Training 
time should include any self-study, remedial or recycle time, even il 

these times are not: officially prescribed. 

Testing 'lime.  This measure represents the time spent in taking 
criterion tests.  It includes all the time spent In taking tests that are 
graded—tests that determine if a student has attained the training 
objectives of the course.  Testing time does not include time spent In 
skill practice, practical exercises, or quizzes that are part nt the 

instruction or training time. 

§ Transfer.  A transfer measure of effectiveness Is any score (time, 
trials, errors, etc.) obtained on tasks performed subsequent to course 
completion.  The transfer measures are taken after the student attains 
the required objectives within a course.  These measures can be relatively 
immediate and refer to achievement in another course.  Or, they can retei 
to initial job performance following the completion ol a course.  One 
possible index of transfer effects that could be used is: 

Percent Transfer. The criterion value (time, trials, errors, 

etc.) thatisreduced as a result of relevant prior training.  This is 
expressed as a percentage of what the c. iterlon value would be without such 

prior training. 

On a longer term basis, transfer can refer to overall Job effec- 
tiveness In terms of such performance measures as Army SQTs, or the Air 
Force's ATC Field Follow-Up measures.  Other Job performance data can 
include:  supervisor ratings, work productivity measures, absenteeism and 
tardiness rates, etc.  Transfer can also refer to the relationship ol 
course achievement to attitudes.  For example, It could refer to effects 
of course success or failure on reenlistment rates, career development 

pattern, or general attitudes toward the Service. 

• Unanticipated Secondary Effects. Sometimes used as training 
effectiveness measures are serendipitous effects that are not directly 
related to stated or established training goals.  A positive side effect, 
for example, may be Increased independent study by a graduate as a result 
of his positive experience within a course.  An example ol a negative 
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side effect might be an increase in AWOL or disciplinary problems duo 
the lack of sufficient supervision. 

Co 

• Validity. Training effectiveness data are valid if they accurately 
reflect the degree of achievement of course goals.  The Lnstruments used 
to measure, effectiveness must: be carefully selected in order that validity 
and reliability of the data are maximized.  This is particularly difficult 
with subjective measures such as attitude scales or ratings.  Also, valid 
data are obtained only if the person being evaluated reacts In a normal 
manner when tested.  Objective data gathering measures (e.g., performance 
tests) are better at eliciting "normal,,andl therefore, valid reactions, 
than are subjective measures (e.g., ratings). 
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TRAINING EFFECTIVENESS DATA: WITHIN-COURSE MEASURES 

© 
© 

Course 

Section No. 

Time Measures 

© AVERAGE TRAINING TIME 

Hours 

Hours 

® 

Audio 

Audiovisual 

Film/Text/Visual 

LectiWDomonstration 

Group Discussion/Seminar 

Performance/Practice 

Tutoring 

Printed Text/Visual 

Other 

CAI:    Drill & Practice 

Simulation 

Games 

Tutorial 

Prot)lem-Solvinr) 

Inquiry 

Specific Applications Programs 

Other CAI IVlalurials 

CAI Materials (Total) 

Average Training Time in Section No.. 

/-—> 
4 )    AVERAGE TESTING TIME © 

Hours 

© 

Paper and Pencil Tests 

Performance Tests 

Computer-Supported Tests 

Other Tests 

Average Testing Time in Section No._ 

© AVERAGE SECTION TIME 

Make as many copies as required lor 
the number of Sections of the Course, 
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Enter the criterion test results used to measure achievement of this 
Section's instructional objectives.  These data should represent the 
scores and results obtained from students' first attempts at the 
criterion tests.  (Identify 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 Sections where the achievement measure 
is the number of objectives attained, enter the average 
number of objectives achieved in the appropriate space. 

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

(d) If 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. 

Entpr the average, number of attempts taken to pass the criterion tests 
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 Attempt) 

Tosts 
(a) 

Accuracy/Spesd 
Scores 

__ 

(1)1 

No. Objectives 
PilSSOtl 

Ic) 

Per com 
Sludums Passed 

(d) 

Gain Scorns 

® 
Numboi 

ol 
Attempts 

Pap«r and Pencil: 

Performance: 

Computer-Suppoited:. 

Other: 

(To Summary Form) 
(page 85) 

® 
SECTION No. -    Other Effectiveness Measures 

Recycle Rate 

Instructor Ratings 
Student Attitudes 

Other 

(To Summary Form) 
(t>a()u 8ÖI 

M.ik« as many copms as required lot 
tlic number of Sections ol tin- Courso. 

81 

' 



: ,—— ™— 
txt^jT^Kmtmiisgmt 

-- 

II 

WITHIN-COURSE 
TRAINING EFFECTIVENESS DATA SUMMARY 

I    M 

1,7 

^«W P.OE BUNK - « n^l| 
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INSTRUCTIONS FOR ENTERING WITHIN-COURSE 
TRAINING EFFECTIVENESS SUMMARY DATA 

In thl8 T you are .o su^rUe the ^^f^^Z 

l^T^Tl^lnlllV^sl IZu =L reprcBe„C  the eve.eU 
effectiveness of  this Course. 

(j)      Print  title of  Course. 

© 

© 

© 

© 

© 

tion Number In the appropriate space.  "c^"n"
e:dut"°^t 

 ., H,0 «„mmrv data for a given Section, put tnac Enter the Sec_- 
than one line to enter the summry data 
number in all the applicable spaces 

Ent      tbe -ase S„lng T^e apen^in.ch Sectlon^^he^Course 
in the spaces provxaea. 
forms. 

© 

Copy  the    (A) 

Enter.the -erase Tee rlns^e spent J--^ rp^c^inrr^" 
the spaces provided.     Copy  cne    \vj 

Enter  the Average  Section Time in 
'       +    ©     from the Preceding formS 

the spaces  provided.     Copy  these 

times © 
E-rh%"h:1^r£SLrrXdi::tr:hririoo£irrfprche 
r^intcrr«^6 n so. Sectlone   pnl, one typetO£^^ 

ment test data may be listed.     In these cases        ^ criterion 

spaces  provided.     If more J^^^'s  grade  in  tie  Section by weight- 
performance,   determine each student  s  grade  in weight:ed 
Lg and -bining  the separate  --e    -     ^-/^^  it L not 

To^iri/trL^rs'ch llTJ,   enter  them on separate  lines-thereby 
using more than  one  line per  course Section. 

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

for  each Section of  the Course. 

Enter any other  training effectiveness  data obtained in each 
Section in the spaces  provided. 

Course 

i  I - i 

u 

I 
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TRAINING EFFECTIVENESS DATA SUMMARY 
WITHIN-COURSE MEASURES 

(T)    Course. 

■ y 

■ 

I 

< 

® 
Course 
Section 

(Enter Number) 

Time (6)      Achievement 1 
® 

Training 

® 
Testing 

® 
Section 

Total 

Accuracy/ 
Speed 
Scores 

Number 
Objectives 

Passed 

Percent 
Students 

Passed 

Gain 
Scores 

® 
Number of 
Attempts i j 

i 
J 1 
% 
i, 

\ 

: 

J 
] 
9 

J 
« 
1 

Overall 
Course 1 

(Totals) (Average) (Total) (Average) (Average) (Average) a 
Make as many copies as required 
for the number of Courses. 

0 
85 
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iG EFFECTIVENESS DATA SUMMARY 
WITHIN-COURSE MEASURES 

(6)      Achievement (§)      Other 

lumber 
bjoctives 
passed 

Percent 
Students 

Passed 

Gain 
Scores 

® 
Number of 
Attempts 

Recycle 
Rate 

Instructor 
Ratings 

i- ■ jdent 
Attitude 

Other 

; 

j 

i 

1 (Total) (Average) (Average) (Average) (Averages) 

Make as many copies as required 
for the number of Courses. 
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Part G 

END-OF-COURSE TRAINING EFFECTIVENESS DATA 

c 
1 - 

Q 
0 
i 
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INSTRUCTIONS FOR ENTERING 
END-OF~COURSE TRAINING EFFECTIVENESS DATA 

In this part of the specification, recording forms are 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.  End-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 FOR EACH COURSE CONSIDERED. 
If only within-course data (by Section) are available, use the summarized 
data In the form at the end of Part F and go to Part 11 for further cost- 
effectiveness analysis. 

0 
© 

Print title of Course. 

Enter the average training time spent by students in each instructionül 
method/mode used in this Course. These  time (lata ehould ba  bha sumn 
of the time data listed in Fart F foveaoh SöCHOII of thin Coio'iw, 
This information should represent the time actually spent in learning 
the subject matter.  It should not contain Course time that is 
unrelated to this function (e.g., non^academic subjects, in- and out- 
processing, etc.).  In the cases where these times are officially 
prescribed, care should be taken to Include additional self-study 
and recycle time, if relevant.  Enter average training times to the 

nearest tenth of an hour, along with the number of students (N) 
from whom the data were obtained.  Then add those times together 
to obtain the Average Training Time Ln this Course (Q   . 

© 

© 

Enter the average time spent by students talcing the criterion tests 
within this Course.  Do not includo the time spent in quizzes and 
practical exercises that are part of the instruction.  Rather, that 
time should be included in  (5)  above.  This entry should include 
the time spent in tests that are graded—tests which are designed to 
assess whether or not students have attained the instructional 
objectives of this Course.  These times should include both within- 
course and end-of-course tests. The time data should be  the aums of 
the tvnc data Hated in Part  /•' for each of the Seations  in  thin 
Couviw,   PLUS the time spent by  the students  in the final  (')' rnd-^f- 
aour'se avitevion  tests.     Enter the average testing times (to the 
nearest tenth of an hour) in the 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 Course MH 

Sum the Average Training and Testing Times  Qy 
obtain the Average Course Time. 
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TRAINING EFFECTIVENESS DATA: ENDOF-COURSE MEASURES 

{^J   Course. 

Time Measures 

{2)    AVERAGE TRAINING TIME 

Hours N 
Audio 

Audiovisual 

Film/Text/Visual 

Lecture/Demonstration 

Group Discussion/Seminar 

Performance/Practice 

Tutoring 

Printed Text/Visual 

Other 

CAI:   Drill & Practice 

Simulation 

Gamns 

Tutorial 

Problem-Solving 

liiquny 

Specific Applications Progran» 

Othi'i CAI Maiona's 

CAI Materials (Total) 

Horns 

(A)   Average Training Time in Course 

3 )    AVERAGE TESTING TIME ® 
Paper and Pencil Tests 

Performance Tests 

Computer Supported Tests 

Other Tests 

Hours N 

(B)   Average Testing Time in Course 

D 0   AVERAGE COURSE TIME 

©+® 
Maku as many copies as requirod 
tor ihi! numbai of Courses, 
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^ thlf rn         J  cyiterio" ^st  results  used   to  measure achievement 
of  this Course's  instructional  objectives.     These data  should   repre- 
sent  the scores  and results obtained  from students'   first  attemn  s 
at  the end-ot-course criterion  tests.  ■■ pcs 

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

e appro- 

In those Courses where the achievement measure is the 
number of objectives attained, enter the average 
number of objectives achieved in the appropriate space. 

Enter the percentage of the students who pass this 
Course s end-of-course criterion tests on their first 
attempt. 

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 spare' 

Enter the average number of attempts taken to pass the end-of- 
course criterion test(s). 

(b) 

(c) 

(d) 

1 

I 

© In this part of the form, enter other summarized data deemed imnor- 
tan  or describing the training effectiveness of this Course ' 
Attrition and absentee rates, affective data (e.g., student atti- 
tudes)  indirect measures such as instructor ratings   "oll L' 
other measures used, should be described and the findings Us ted. 
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TRAINING EFFECTIVENESS DATA: END-OF-COURSE MEASURES (Continued) 

Achievement Measures 

® 
FINAL CRITERION TEST RESULTS (First Attempt) 

® 
Nlllllhri 

ol 
Attompts 

Tosls 

(a) 

Accuracy/Speod 
Scores 

(b) 

No. Objüctivcs 
Passed 

(c) 

Pi'tcunl 

Students Possad 

(dl 

Gam Scorns 

Paper and Pencil; 

Performance: 

ComputerSupportod: 

Other: 

® 

Absentee Rate_ 

Attrition Rate_ 

Oth'jr Effectiveness Measures 

  Rocvclu R;itü_ 

Instructor Ratings Student Attitudes 

Other 

Make .is many copids «s roqulrod 
for the numbor o( Coursus. 
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Cä/  Transfer Measures 

Enter actual or estinmtod 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. 

InLr,0 1;SOlate the influence üf raining in this Course from other 
intervening events (e.g., Job experience, etc.).  Collect these daf. 

p
aiacSr?E) Ifter r6 T^™ **  POSSible' U d^ ™ ^^ piace (.t,; arter the entry. 
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TRAINING EFFECTIVENESS DATA: END-OF-COURSE MEASURES (Continued) 

(§)    Transfer Measures 

Time to Complete Subsequent Course  

Achievement Score in Subsequent Course  

Job Performance 

Time to be Job Qualified, 

Test Score(s)^  

Work Productivity Measure 

Ratings - Self 

Ratings - Supervisor, 

Absentee Rate 

Attitudes 

Recnlistment Rate, 

Other 

Makn ns nmiiy copit-s as lüquirod 
for thu number o( COUISüS. 
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Part H 

COST-EFFECTIVENESS ANALYSIS GUIDANCE 

i. 
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Part II 

COST-EFFECTIVENESS ANALYSIS GUIDANCE 

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 
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 
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. 

• An evaluation of cost-effectiveness can only be made following 
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. 

• The specific criteria by which to compare the cost-effectiveness 
of alternate training systems need to be clearly established.  If the 
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 
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 
cost-effectiveness when training effectiveness is of utmost concern. 

97 

PRECEDING PAGE BLANK - NOT FlU^l 

.  ..  i ™ . 1 ■äMämM 



l:  ,    ^mmnnmMV:' 

• In the absenoe of effeativeness oviteria baaed upon Job or 
tmininn requirements,   indicators such as  throughput should not be 
mistaken for evidence of   training system quality.     Rather,   in  these  cases, 
such  ratios   (e.g.,   cost  per  student  course hour)   should be   interpreted 
as what  they are—efficiency measures. 

• 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. 

or 

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. 

• 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 zero cost becomes an ideal which 
is not tenable and should not guide the cost-effectiveness analysis. 

• 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 more 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, 

• 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. 

• 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. J 
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• If training system alternatives are to be compared, such a 
comparison is meaningful only if the systems contain course? with 
similar objectives, content, testing conditions and criteria. 

• 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-based 
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.  II" 
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 worksheets are provided for 
calculating 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. 

(T) 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 # 
Graduates 

Total # 
Students' 

Total # 
Students' 

Attrition Rate" 

GRADUATION COST 

1 Total #Students Fiom Part A, p. 3. 

''Attrition Rate From Part G, p. 91. 

Total Operation St Maintenance Costs (p. 66) 
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 each Course supported by the system. 

! 
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WORKSHEFT FOR COST-EFFECTIVENESS CALCULATIONS 

(T)    GRADUATION COST 

Total Operation & 
Maintanance Costs 

Check COUISG(S) 

Involved in Analysis 

(From page 66) 

D Course 

D Course 

D Course 

Total # 
Graduates 

Total Students 
(From page 3) b 

□ All Courses 

Total Students 
rom page 3) 

Attrition Rate 
(From page 91) ] (Total rr Graduates) 

(0 & M Costs) 

Graduation Cost 
/graduate 

(Total # Graduates) 

©    GRADUATION COST 

Total Operation & 
Maintenance Costs 

Check Course(s) 
involved in Analysis 

=      $ 
(From page 66) 

Total # 
Graduates 

Total Students 
(From page 3) [ 

□ Course 

D Course 

D Course 

□ All Courses . 

Total Students 
(From page 3) 

Attnlioit Rate 
(From page 91) ] (Total # Graduates) 

Graduation Cost 

(0 & M Costs) 

'Total # Graduates) 

/graduate 

io; 
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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 calctthte this ratio for each 
Course or Course Section separately, indicate the specific Course and/or Section on 
the work sheet. 

u 

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

Total Average # Students/ 
Course Course x        Course/Year 
Hours Time1 

Average Course Time Fiom Pint G, p. 89, 01 
Pjit F Summary, p. 85. 

7 Studems/Course/Yoai Fiom Pjri A, p. 3. 

Total Instructional Hours Total Course Hours added together for all 

Courses supported by the system. 

Hourly Cost 
of Instruction 

Total Operation & Maintenance Costs (p. 66) 
Total Instructional Hours (all Coursesy 

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., CA1 
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. 

011 
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©    HOURLY COST OF INSTRUCTION 

Course 

Total Course Hours 

Section 

•  Course 

Average Course Time Students/Year 

 Section 

Total Course Hours 

•  Course 

Averate Course Time Students/Year 

 Section 

Total Course Hours 

Average Course Time Students/Year 

Total Instructional Hours (All Courses) =    hours 

Total Operation & Maintenance Costs (All Courses)     =    $ 

(From page 66) 

(0 & M Costs) 

Hourly Cost of Instruction   =   $ 

(Total Instructional Hours) 

(D    HOURLY COST OF INSTRUCTION 

•  Course 

Total Course Hours 

Sectic 

X 

•  Course 

Total Course Hours 

Average Course Time Students/Year 

 Section 

•  Course 

Total Course Hours    = 

Average Course Time Students/Year 

 .         Section 

X 
Average Course Time 

Total Instructional Hours (All Courses   = 

Students/Year 

hours 

Total Operation & Maintenance Costs (All Courses     =    $ 

(From page 66) 

(0 & M Costs) 

Hourly Cost of Instruction   =   $ 

(Total Instructional Hours) 
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(3) COMPARISON OF EFFECTIVENESS MEASURES 

In ordor to calouluU) Uw cost-offooUvoness ratios tUat air most imporUml to 
your analysis. tlu> effocUvunuss m«>asuivs spooitunt in Part l!+ »owl to IH> mtiHl m 
tmportanco by tho dooiBiotMnnkor, 

(A)    List U\ü onil-ol-omirso ollVctivcnoss svoirs to In« uswl 
il visioM-iuakinn (from I'arl (,',), 

in 

B;    Kstimato tho "value" of tmeh s.-oiv by ratiuK tho hnportnniH» 
of tmch mettsuro basod on tho system's or Cotn-sol'tnUninH 
roquhtimontii.   (Pliuro a rat in« of 1 to 10 in tho spuoo 
provuhnl   to btiing most important.) 

rost-oflVotivonoss ratios cttn tlu>n bo culoulntod for oueh of tho "most ImporUml" 
moasuros bofore uonsidorinK somo of tho oUtor uitootivonoss sooros. 

For oxamplo. if tho Aehlovomont lovol attaiiun« as ivfhvt.nl by Aooumcy Sooivs is 
Uvo most important m.-asuro of U'utntn« oflVotivonoss. thon it should ho" tho basis 
lor oomparmn altornaUvo trainiiiK systoms.   Cost offortivonoss oomfwrlsons oan bo 
nuulo using this indicator (nssumin« costs aiv hold consUmt);   ov if aohiovomont 
sooros aro hold oonslant. thon toinlnH systoms oan ho oompaml with xvmM to tho 
costs roqmro*! to mach this lovol of aohiovomont. 

"Pan l Summmy, it \\»\ Q m<i nvMll«bl(t 

1.06 

Ü 
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WORKSHfcET FOR COST EFFECTIVENESS CALCULATIONS 

I. 

I. 

i 

i 

li 
I 

(3)    Ratings of Elf«ctivon«?ss MOHSUIOS 

Tima Maasuros 

Avciao« Com so Timo 

Achiovöiiiont Moasmos 

Accuracy/Speed Swims 

Numlun Obloctlvas Passwl 

Percent Students Cassini 

Gain Scoios 

U Attempts 10 Pass Giitwion Tost 

Other Moasmos 

Absentee Rates 

Attrition Rates 

Recycle Mains 

Instructor Ratings 

AuiuuU; Scores 

Other 

Tronsfor M«»asiiros 

Subsm^uottt Course 1 Itne 

Subsequent Course Achlevmtnont 

Job Performance     rime \o Qualification 

.lol> lost Scores 

Work Productivity 

Sulf Hatimis 

Supervisory Ratings 

absentee Rates 

Attitiul«>s 

Roenltstment Rate 

OtlU!) 

M'nu I Sumtnarv. U P«"' Q m\ 8\wu«W«, 

Courto 

(A) 

Bnd'Of-Courie Rattnui of 
BffeotlveiWM Scoraa       Importance 

(Prom Pan Q, II »0, to - 
pp, «9, 91 & tW Most Important) 
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