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l. Introduction

Whal does the name AT&T mean to you? Mast of us think of a iong-
distance teiephone company. In reality AT&! is much more than a tele-
phene company. Persons at ATAT design, engineer, manufacture, install,
ahd maintain a variety of products reiated ta information movement and
management. Some of these are for individual use. Yau may have seen
them advertised on TV or for sale in AT&T stores. Many of them are
much more compiicated and are used in large-scale information systems.

In addition, ATAT provides its custumers and its employees with
high-quality training in the use and maintenance of its produects.  Qur
probilem has to do with the development of training programs requested
by the customers of AT&LT.

There are foaur ATAT National Product Training Centers and four-
teen regtonal centers.  The main function of these centers is to "de-
velop and deliver tralning designed for customers and Internal popula=
tions responsible for maintaining, operating, engineering, administer-
ing, or installing AT&T products and services." The satting of our
problem is the ATAT National Product Training Center in Nuklin, Ohio.
The problem asks us to cansider seme budgeting options in the develop-
menl of a training praogram requested by a company whose praduct uses
ATET equipment.

Il. General Background
A. Who Needs a Training Program?

One product ATAT has designed and manufaclured is an Electranic
Switching System (E55™).  Suppose a company {we'll call it Creative
Communications Company--CCC) buys this system for use in a producl or
service it is te provide to its own customers. Those who buy such a
sophisticated product er service need to also know how to operate it;
what to expect of it; and how to get rid of any "bugs" that may occur
during shipping, handling, day-to-day operations, etc. Persons who use
delicate and complicated systems need good instruction in how to use
and care for this equipment. The company contracts with the ATAT
traitning center Lo provide a training program that CCC can supply to
buyers af its final product or service.
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A training program can take a variety of forms and will probabtly
kave a number of components. It s impertant that it be preoduct
specific; that is, it must be designed directly and specifically for
the particular product for which il is needed. It must be performance-
based; that is, it must be closely related to maintaining and improving
the operation of Lhe product. It must be comprehensive; that is, it
must prepare the custemer for every guestion that may arise--ranging
from instructions for turning it on and off to methods for dealing with
any irregularity in the performance of even the smallest piece of it.

B. What Is a Training Program?

A very simple example of a training program is the instruction
book that goes with your camera. My camera is the automatic kind. It
advances the film for me, focuses far me, tells me what Kind of film I
am using, and tells me how many pictures there are left on the roll.
S$till it needs an instruction book to tell me how to load the film,
what kind of batteries tg use, where to install them, how the automatic
flash lets me know it is ready, how to set the camera so that it will
take a picture automatically, and how much time is allcowed between the
time it 75 set on automatic and the time it actually takes the picture.
There are many pieces of equipment, large and small, that come with
fnstruction boaoks.

Training programs are much more than instruction books. They
can involve many other approaches to training. For example, the Fast
Break Swim Team is preparing its swimmers to compete in Olympic try-
outs. They need a comprehensive training program. The cempeneants of
this program might be-=

1. a booklet entitled "Rules for Conditioning" that describes
needed activities 1ike running, 1ifting weights, stretching
exercises,

2. a2 booklet entitled "Diet for Speed and Strength.”

3. a video demonstrating the strokes with emphasis on arms, legs,
and turns.

4, audio tapes to develop self-confidence, concentration, and
visualization.

5. a chart describing detailed in-the-pool activities.
from time to time we include short gquestions to help you test how

well you understand what you have read. Work these Try Qut Prohblems
{TOPs)Y and check your answers with your teacher.
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&.  Suggest seme equipment for which there is a training pragram
consisting of a single booklet,

. Plan a Briver Education program for your school. List study
material and hands-aon activities, assuming your schoo!| has
all the needed equipment.

C. Who Creates a Training Program®?

Fite answer to this question depends very much on the purpose of
the program. In the case of my camera, the instruction hooklet (the
training program; is probably created by someone in the campany that
made the camera. However, for a very complicated video camera system,
the training program would be much longer and might be creatod by Lhe
compaity that made some of the essential operational parts in the video
eqlipmient.

In the case of a swim team in a small community, the training pro-
gram might be made by the coach and would 1ikely be much simpler than
the one suggested for the rast Break team. That team might hire a re-
tired 0lympic coach to create a training program specially designed
Ifmr fls needs.

In our problem the training program is developed by the AT&ET
Mational Preduct Traintng Center, Duhlin.

Yeow ara
hare

Ill. Specific Background

A. The Creative
Communications Company

the AT&T Mational Product Training Center in Dublin, Ohio, is real;
and it is providing the setting for our problem. The Creative Commu-
nications Company {CCC) is imaginary, but it is typical af many compa-
nies that use equipment developed by ATAT. Since it is an tnaginary
company, we can assume anything we wish abuc® it.  We assume that the
communications system sold by CCC uses components created by ATAT. Thus
it is logical to assume that CCC requests the AT&] Preduct Training
organization to develop a training program that {CC can provide to com-
panfes or institulions that buy Lhe CCC commurications sysbem.

ATAT makes

Ess™

L

COC makes
ESSW dependon
produat

¥

CCO asks ATAT
Mationa* Product
Trainig Cerer Lo
dove'op a fraining

Pregram

¥

ATAT Mational

Product Teaiming
Canlar Develogs
pragrarm for CCC

b

CCC sals its
product and the
fraimng pragram

L J

CCC produsn
in use
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B. A Training Program Suitable for CCC

in developing a training program, we must first decide what this
program ought to include. Our projected training pregram consists of
four matn parts:

PART 1. OVERVIEW, OPERATION, ADMIMISTRATION
a. A course, overview, introduces in general what the equip-
ment is intended to do and describes special operaticnal
features, hardware, and terminology.

b. A course, Operation and Administration, deals with the
actual working of the eguipment, truuble shooting, and
debugging.

PART 2. INSTALLATLON

A course, Installation, gives detailed instructions fTor setting up
the equipment and provides related hands-on activities.

PART 3. MAINTENANCE
a. A course, General Maintenance, teaches the reguiar proced-
ures required to keep the equipment in good operating
coendition.
b, A coursa, Special Maintenance Procedures, describes types
of maintenance required periodically and includes hands-
on activities.

PART #. EMGINEERIMG

a. General Engineering Seminar presents detailed hasic angi-
neering information related to the product.

b. A course, Advanced Enginesring and Problem Sclving, in-
cludes information of a more advanced nature and examples
of problems that may arise alang with methods of handling
them.

ToR 2

What part of the training pregram described above is simlar to
the instruction book for a camera?

praparation and Testing

To produce each part of a good training program there is an impor-
tant Tirst step. Those invalved in the preparation must be thoroughly
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informed about the product, the company producing the product, and the
potential buyers of the product. For this reason, field trips will be
required. In this context a field trip means that the persons prepar-
ing the course materials travel to some lecation where first-hand in-
formation can be cbtained. In ocur example the field trips will be made
to CCC's production locatian.

Field trips are expensive, but they are also essential. A field
trip will be required for the perscnnel involved in preparation of
Part 1. A separate field trip will he required far the persons prepar-
ing Part 2. The third field trip can serve both those preparing Part 3
and those preparing Part 4,

™R 3

In Section IIA it was siated that a good training program must be
product specific, performance-based, and comprehensive. In your opin-
ion, for which of these qualities are the field trips especially
impartant?

Other trips will be needed besides Lhese informational trips. At
the end of each of the four parts, testing and evaluation is needed.
This testing wil) hest be done al either the location where the product
is produced or a2t the location where it might be installed. These
trips are called field £rials. The field trials for Parts 1, 2, and 4
must be at a location away from Dublin.  In order to reduce cost, the
field trial for Part 3 can be held in-house, that is, at the ATAI
Mational Product Training Center, Dubrlin.

C. How Much Time is Required to
Develop This Training Program<

Estimates of the time reguirement for development of each part of
the tratning program are listed in table 1.

wWhat Is an Hour?

We know the answer to that guestion of course!  An hour igs GO
minutes. In deciding how many hours a development takes, the word hour
can be used in two ways. We can think of a real-time hour, that fs, #...-:.._—
the length of time from 2 p.m. to 3 p.m. (Some real-time hours may & munwE
seem longer than others, but they are 217 60 minutes long. )

In developing a training program, more than one persan may be
working an the same project. Thus we have to think of a work hour.
When one person works one real-time hour, one wark haur is produced.
It three people work from 2 p.m. to 3 p.m., three work hours are created.
If a staff of 20 people work from 8 a.m. to 4 p.m., they have created
20 ¥ 8 = 160 work hours.

In Table T the times listed are work hours.

5-5
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TAELE I

ESTIMATE GOF TIME REQUIRED FOR
DEVELOPMENT ACTIVITIES

PART OF TRAINING PROGKAM CSTIMATE OF TIME

1. OVERVIEW, OPERATICON, AODMINISTRATION

Field Trip

Overyiow

Operation and Administration
Field Trial

2, TINSTALLATION

Field Trip
Installaticn
Field 1rial

3. MAINTEMANCE

XField Trip

General! Maintenance

Special Maintenance
**Field Trial

4. ENGIMEERING
Engineering Seminar

Advanced Engineering & Problem Solving
Field Trial

2 days
240 hours
400 hours
b days

4 days
8200 hours
5 days

4 days
240 haours
640 hours
G days

B0 hours
240 hours

& days

*Field Trip 3 must be taken by personnel developing

Fart 4.

24 This field trial can be held fn-house at the ATET

Hational Product Training Center, Dublin, if desired.

this case 6 days can be replaced by 45 hours.

In

5-B
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8. How many work hours does it take to prepare the Overyiew?

b. If three persons are assigned to this preparation, how many
real-time hours does 7t take?

c. IT three persons are assigned te this preparation, how many
wark hours does it Lake?

How Long Is a Day?

We may also want to talk about a work day. A real-time day is, of
tourse, 24 hours; but 1t Includes sleeping, eating, and playing, as
well as working. A standard work day s considered to be 8 hours. Mo-
tice that in ihe table we said that a 6-day field trial would be
changed to 48 hours of work., (& work days = & x B hours. )

Also, it 1s assumed that in a week we work 5 days and that in a
year we work 45 weeks. This assumption accommodates such Lhings as

vacattons, sick days, and holidays. Thus a year of work is eguivalent Enﬂm
to 45 * 5 x 8 = 1800 hours. & N

TOoP 5

a. How many real-time hours dees it take one person to complete
Part 17

E. If two persons work fLogether on Part 1, does this change the
real time required for a field trip?

c, If two persons work together on Part 1, does this change the
real time required for preparing the two courses?

d. What is the total real time required for preparing Part 1 7
two persons work together on Lhis part?

D. What Is the Cost of Production?

Praduction cost includes many things: salary, supplies, overhead,

depreciation of equipment, etc. It is cstimated as %25 per work hour.

Figures here and elsewhere are arbitrarily chosen for convenience. In oy r
reality they might be much larger and would certainly change with chang- WE
frg economic conditions.

5-7
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TOFP &

Ten persons {including everyone From office boy to office manager)
work an eighi-hour day five days a week in a small auto parls assembly
factory., The office boy makes $5 an hour. |he manager makes $20 an
hour.

a. What is the office boy's weekly pay?

b. What is the manager's weekly pay?

c. What is the estimated weekly production cost at the factory?

The cost astimate For Lhe development of our Training Program is
given in Table [1.

TAELE [1

COST OF PRODUCTION

Production Flen {fost
Field Trips 5300 per day per person
Field Trials 3500 per day per person
In-House Productiocn 225 par work haur

Top 7

a. What is the difference in cast/haur between Tield trips and
in—house production?  {Assume an eight-hour day.}

b. What do you think might make field trips and Field trials
more expensive than in-house production?

The 4T&1 Mational Product Training Center, DubTin, must consider
how best to meet the requirements of a company that asks them to develap
a training program. These requirements will usually take the farm of
keeping the cost down Lo a reasonahle level and at the same time keeping
the real time required for preparation short enough. You will need to
consider how adding more persons affects the time and how it affects
the cost.

5-8
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ToF 8

a. Soppose Part 1 is to be performed by one person.  Fill in the
fallowing chart. Remember that although the real time re-
geuired for the field trip is listed in hours, the calculation
of cost is by number of days.

Real-Time Work
Hours Huurs Cost

Field Trip

Overview

Operation & Administration

Field Trial

Total

b. Fi11 put the same chart assuming that two people are assigned
te Part 1. Will the real-time hours for the field trip
change? Will the real-time hours for-the overview change?

c. Will the real-Ltime hours decrease or increase when twoe per-
sgns are assigned to Part 17 Will the cost of production
increase or decrease?

E. Organization

Ore of the most important steps in considering a4 problem of this
type is organtzing wour thoughts. You might begin iy making a chari
showing the real time invelved in each part of the develapment plan for
ane, two, three, or mdre workers. A similar charl for the cost of de-
velaping each part would be useful also.

Next you will need to think of a way of analyzing the different
ways af assigning workers to each part. lhere are manmy possible as-
signments, bul you can discard some by giving some thought te the pro-

cess.  Sometimes choices can he eliminated by using conditions given in
the problem.

One way of organizing the assignment of workers is to set up an
array indicating parts in one direction (say horizontal} and workers in
the ather {verticai} and showing the assigrment of a worker by a suit-
ably placed "x."

For example, suppose two workers are to be assigned teo Parbt 1 and
Part 2. A possible plan is described in the following array;

Copyright © The Mathematical Association of America. Used with permission.
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Assignment Part 1 Part 2 Beal Time

Worker 1 'y x 37h + BFZ
Warker 2 X 376

With this assignment it requires 376 hours Lo complete Part 1 and 872
hours to complete Part 2. Worker 1 (W1} will work a total of 1248 hours
and W2 will work 376 hours. The entire project is completed in 1248
hours,

If the problem stipulates that the work must be completed in 800
hours, this plan would be immediately rejected. A condition Tike this
pne 15 called a bound.

Another organizational technique is iliustrated on the cover and
title page of this book. The varigus T1ines going from oene part to the
next are called paths or branches.

Again, suppose two workers are to be assigned to Part 1 and
Fart 2. With this techmigue we would write the following:

fﬂ)Start

| N
i

t.
Part 1 (1 69 (121 378

There are two chaices here for Part 1, WL and both W1 and WZ. The
worker or workers assigned are shown by numbers in the circies. It
might be helpful to write the real time beside each circle.

How extend the path to include Part 2. This time there are more

possible branches. Follow back up the branch to see who is working and
what the total time will be.

{;jStart

||
Part 1 @ 696 2% 376
r”{) 1568 é) 872 é 1168 CL
% L

Part 2 1248 @ B4

5-10
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TOP 2
a. Why is (:) not included in the chart at the Part 1 level?
E. 1n the assignment for Part 2, why fs it not necessary to
inciude in the branches in the right-hand set, but it is

necessary to inciude {g} in the branches agn the Teft?

¢. Why 15 it necessary to include 12 in both the left and the
right branches?

Wotice that the branch

T
Start(i} \E;

gives the same assignment of workers as Lhe array above.

©

IV. The General Problem

Analyze the development cost and time reguirement for a compre-
hensive training program te be created by the AT&1 Mational Product
Training Eenter, Oubtin. [Discuss how to budget time and <ost in erder
to meet the needs of a customer.

V. The Specific Problem

The Creative Components Company has asked the AT&T Mational Prod-
uct Training Center, Dublin, to develop a training pregram for the
communication system it is abkout fo put on the market. The company
would 1ike to have a training program with the components described in
Sectian III. (Again, costs are chosen for convenience.}

The following assumpticns are made:

1. Each haur of in-house develapment costs 325 per persaon.

2. Fach field trip costs $300 per person per day.

3. Each field trial costs $500 per persan per day.

4. Field trips must be taken away (rom the Oublinm site. If at
all pessible, field trials should lake place away from the

Dublin site. The field trial for Part 3 will he ipn-house in
order te reduce cost.

[

Field trip 3 must be taken by persons develaping Part 4.

Copyright © The Mathematical Association of America. Used with permission.
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6. The four developmental parts can be carried on at the same
time if enough persons are avaiiable.

¥. The four parts can be carried out in any order.

E. The persons assigned to any part remain with that part until
its completion and must be included in the field trip and
also in the fieid trial.

A. Preliminary Problem

Discuss how te budget time and cost requirements for developing a
training program satisfying the conditions listed. The AT&T National
Product Training Center, Dublin, would 1ike to have answers to the
following questions:

1. What would the entire development {as outlined) cost if per-
formed by a single person? How many real-time hours would it
require?

2. What would the entire development cest if each part is per-
formed by a single person, but a different person is assigned
te each part? How many real-time hours would this require?

3. Suoppose the entire development is performed by two persons,
one assigned Lo Parts 1 and 2, the other assigned to Paris 3
and 4. What is the number of real-time hours required? What
is the cost?

4. What is the shortest Tength of time needed to complete the
entire development if no more than four persons are available
to be assigned to it? How will the personnel be assigred to
camptete the development in the shortest time? What is the
totat cost in this case?

5. What is the least cost to develop the training program if five
persons are availabTe? How are the persons assigned? What is
the corresponding time?

B. The Problem

The Creative Compaoneats Company expects to have Tts product on the
market in four months. It reguires a training program for the buvers
of the product. The company would Tike answers te the following
quastions:

a. What is the minimum cost to develop a training program in four
months?

. The company has set aside %60,000 to have a training program
developed, It is important that the program be of high

512
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quality, as comprehensive as possible, and that Part 4 he
included. Part 1 is essential. Discuss how you would develop
such a program at a cost within $1000 of the amount set aside.
Include the number of persens used and how they will bhe
assigned. Give reasons for the choices you make. If necg-
essary, you may suggesl changes in some af the assumptishs
1isted, provided you give a justification of your suggested
changes. .

C. Computer Problem

Although one couid design a computer program to do Problem B, Part
a, such a program wouild reguire a long time to run on a microcomputer
Tike the Apple Ile. Restrict the problem in any way you wish and write
an appropriate program.

One suggested restriction is contained in the following statement:
Find the least cost for developing a training program in four months,
assuming that no more than eight workers are available, ne more than
two workers can be assigned to Part 1, and no more than two can he
assigned to Part 2. Have the user input the desired time Timit.

Copyright © The Mathematical Association of America. Used with permission.
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