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EDUCATIONAL CONCEPTS OF COMPUTER GRAPHICS
IN THE CLASSAOOM

ABSTRACT

There are increasing numbers of commercially available computer-graphic

packages, both in terns of hardware and software that can be utilized by in-

structors, practitioners, and students of edu. ltion. With the proliferation of

low-cost graphic terminals, time-sharing capabilities, and recent advances in

mini- and microcomputers, computer graphics and associated applications have

been practical, reliable, cost-effective, and available at a host of working,

user-oriented levels. Working data bases used for instructional purposes in

undergraduate and graduate marketing courses, especially in physical-distribu-

tion related sbujects, illustrated the potential capabilities of appropriate

computer-software packages such as: SYMAP, SYMVU, PLOTALL, QUSMO, and QUTAB

Applications and examples derived from these packages are represented from

existing output facilities, such as the line-printer terminal, incremental

drum-plotter, flatbed plotter, and electrostatic plotter. Computer graphics

can be an essential tool in helping consumers of information to conceptualize

and ultimately visualize raw data films. In addition, the basic skills that

students learn in applying Somputer graphics to business decision-making situa-

tions enhances their preparation in the world of work.
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INTRODUCTION

Since its introduction in industry and academic centers in the 1960s, the

field of computer graphics has captured the technical, ascetic, and artistic

interests, from rapidly increasing numbers of users from a vast variety of dis-

ciplines. No longer must the potential user be proficient in the complexities

of mathematical elements and computer graphics. As suggested by Rogers and Adams

(1976), Scott (1982), and Maft (1983), almost everyone will be affected by this

rapidly expanding technology, which combines the age-old art of graphical com-

munication with recent advances in digital computers. Now, relatil.ely low-cost

terminals, time sharing options, and advances in mini- and microcomputers have

made computer graphics practical, reliable, cost effective, and readily avail-

able to the potential user. In fact, the last few years has seen a tremendous

influx of research on business applications of the computer, especially the

mini- and microcomputers. However, there does not appear to be as great a volume

of literature on the business and educational applications of these recent ad-

vances on the use of the computer in the classroom, especially concerning tom-

puter graphics.

Hence, the thrustz of this paper is to discuss the basic types of computer-

generated display devices, and to illustrate the combined use of line-printer

maps, digital storage, and transfer of information into projected three-dimen-

sional surfaces for viewing as instructional aids to geographic and business

education. Although beginning business and geographic graduates, managers, and

other business-related personnel have many applications of such output to illus-

trate basic corcepts of marketing and physical distribution phenomena and its

spatial interpretation, applications of computer graphics and basic principles are

not limited to a single discipline of study. In fact, with the widespread use

of microcomputers in the classroom for computer-assisted instructional purposes,



the expanding use of computer graphics in all disciplines and its application to

communicate often difficult-to-interpret data bases and concepts is rapidly be-

coming an essential tool for use in the classroom by educational practitioners.

The usefulness of computer-graphical systems must, however, be based on their

ability to communicate the results of data manipulation and ease of access. An

understanding of the basic computer graphics in the classroom. Not all possible

computer hardware and software types are discussed in this paper, since a magni-

tude of such devices cad packages with length lists of menus exist (Smith, Timmer-

man and Seymour, 1984). However, the basic display devices that are commonly

available (including raster refresh, directed beam refresh, storage tube, and

plasma panel) coupled with the basic output devices (such as mechanical plotters,

electrostatic plotters, hardcopy devices, and color plotters) will be briefly dis-

cussed. However, the bulk of the paper will concentrate on marketing/business

education examples to illustrate the process of converting complex information and

models to easily communicated computer-graphical displays in the classroom.

COMPUTER INPUT DEVICES

Input devices can be grouped into two basic formats, including the batch

mode (reading one job or program in one-at-a-time) and the interacting mode

(which includes the ability of the user to communicate with the program while it

is running). Batch jobs usually can be initiated by reading in cards, tape, and

CRT (cathode-ray tube) via some type of terminal capability of reading informa-

tion in these particular modes, The interactive mode requires the user to inter-

rupt the computer programs so that new or revised information can be entered

before the final execution of the program. Although there exists a large number

of devices to accomplish this task, the simplest and most common is the alpha-

numeric keyboard. More sophisticated input devices include light pens, joy sticks,

-3- 5



track balls, mouse, function switches, control dials, and analog tablets.

These other input devices usually constitute greater flexibility and faster

speeds of interaction than the alphanumeric keyboard, which frequently becomes

a test of your typing skills.

COMPUTER OUTPUT DEVICES

There are a variety of output devices in use in computer graphics, but

most of them fall into a few basic categories. Graphic display devices are

usually divided between CRT, pen and iak plotter, dot mairix plotter, and the

plasma panel. The three basic types of CRT devices for computer graphics in-

clude the direct view storage tube (sometimes referred to as the visible tube

display), refresh, and raster scan. The direct view storage tube is probably

most common to the public and is similar to an oscilloscope with a relative long-

life phosphor or image phosphor. Storage tubes have the advantages of being

flicker free, good resolution, low cost, relatively easy to obtain an accept-

able hard copy of the frame or screen image, and more suited to time-sharing

applications. Unfortunately, the screen cannot be selectively erased in order

to change any element of the graphic display, thus the whole picture must be

redrawn and hence, no dynamic motions are possible. The refresh CRT is based on

a television-like tube of short-lived phosphor persistence, thus causing flicker.

However, the refresh can be used to show dynamic motion and allow selective

ele,:ents of the display to be created, changed, or removed. Disadvantages of

the refresh system include higher cost and greater difficulty in obtaining a

good quality hard copy of the image. Lastly, the raster scan CRT, which uses

a standard television monitor for the display console, makes use of a series of

dots. In the consideration of a raster-scan CRT graphic display system, color

is possible, but cost is a function the resolution needed. In addition, the



selective erase feature is more difficult to use, and obtaining quality hard

copies are problems.

Traditional hard copy graphical devices generally involve the digital in-

cremental pen and ink plotters, flat pen plotter is generally limited to 8

direction of pen movement, thus a curved line appears to be made up of a series

of small steps. The incremental drum plotter, which was the major device used

to create the three-dimensional computer graphics found in the paper, refers to

a type of plotter on which the paper is help by two roils--a supply roll and a

take-up roll--separated by a drum. Although incremental plotters can provide

high-quality hard copy of graphical output, they are generally slower than CRT

graphics and, hence, are not used for most real-time interactive graphics. The

electrostatic dot matrix printer/plotter operates quite differently by depositing

particles of toner onto small electrostatically Charged areas of special paper.

The electrostatic plotter was the device used to generate the bar, pie, and line

plots found in the study (Rogers and Adams, 1976; Maft, 1983). Lastly the plasma

panel, which was initially developed a few years ago and recently staging a come-

back, is essentially a gas-filled matrix or panel that usually can be viewed

from both sides. However, although good resolution is possible, it is cost pro-

hibitive and not popularly accepted. Tables 1 and 2 present a summary of the

financial and physical parameters that should be considered in the final selec-

tion of computer-graphical devices (both input and output) and the proper soft-

ware package to enhance geographic/business education activities.



APPLICATIONS OF SELECTED COMPUTER
GRAPHICS TO SPATIAL AND SURVEY

RESEARCH

Introduction to Classroom Examples

Examples of primary and secondary databases researched and collected by

the author for use in undergraduate/graduate marketing/physical distribution

management and related courses at Eastern Kentucky University's Department of

Business Administration. Portions of the courses emphasize the spatial varia-

bility of transportation costs and the need to communicate this information to

prospective clients and consumers. Generally, most theoretists of physical dis-

tribution expect the distance factor in predicting transportation costs to re-

flect the "tapering" principle--transportation rates initially increases signi-

ficantly with distance, then increase at diminishing rate. This relationship

has been studied for years as a basic principle in business logistics, and the

function is expected to be relatively smooth in nature and predictable in form.

However, especially through three-dimensional displays of spatially-oriented

transportation costs, this relationship is more complex and difficult to inter-

pret. Probably, many economic and physical characteristics influence transpor-

tation rates, thus each area must be analyzed in relation to the environmental

constraints that exists, both the economic and physical aspects. In addition,

information dealing with the frequency counts, summaries of statstics, and other

data dealing with survey-research problems are more effectively communicated in

a graphical form. Hence, to illustrate the use of computer graphics in the

classroom, several databases were established for students to access for report-

writing purposes. The databases include marketing-research survey results,

geographically oriented-transportation costs from a variety of origin and destina-

tion points, and revenue/expense data for departments within unnamed companies.



In addition, various options exist to allow users to mathematically model

seler.tea variables based on geographic coordinates (spatial variability).

Computer-Generated Output

Figures 1 through 3 illustrate representative information from the data-

bases in pie-chart, line-graph, bar-graph form via the electrostatic output

device, respectively. The user input, via the computer-software PLOTALL (Klein,

1976), for example, to arrive at Figure I was simply the following instructions

that the student/practitioner typed in at a terminal:

THE VARIABLE IS SATISFACTION
THERE ARE 4 CASES
READ THE DATA
-104, -48, -31, -89, -190
THE TYPE OF PLOT IS PIE PLOT
START SHADING
PLOT SATISFACTION
STOP
END

As shown in Figure 1, the negative sign associated with the data values results

in each pie slice being separated from the center of the pie shape. The other

basic graphical forms of frequency distributions are portrayed in Figures 2

and 3, and use similar options to generate them, Hence, the statements required

are English-like and require virtually no prior programming experience to write

them and execute the computer graphics.

The graphic displays of the three-dimensional plots were generated through the

use of QUSMO (Sawan and Nash, 1974) and SYMAP, SYMVU (Dougenik and Sheehan, 1979). The

basic line-printer map was also generated by SYMAP, a software package that has been com

mercially available for a number of years and is well-documented (Fig. 4). The

simple use of the program's electives allows students/users to create 89 by 98

data matrix on tape/disk storage. This data matrix can be read from storage to

a user-oriented plotting software, namely QUSMO. Table 3 illustrates the basic



specifications of the stored datanatrix, ,!s well as basic descriptive statistics.

Table 4 presents a partial listing of the data matrix by rows and columns. The

following list of commands, for example, is required to retrieve the stored matrix

and execute three-dimensional plotting software:

a //FTO8F001 DD DSN=USER. ADS 19, DISP-SHR

COSTS FOR TRANSPORTATION PER CLASS DIFFERENCES BETWEEN
COST IN DOLLARS

YES NO
NORTHEAST 0. 7

The computer-generated, three-dimensional plots of this digitized surface of

spatially oriented transportation costs can be found in Figures 5 and 6. Figure

5 is the surface as viewed from the southeast direction and Figure 6 is the sur-

face as viewed from the northeast direction.

Model comparisons and hypothesis testing of best fit surfaces can also be

performed (Smith 1983). Table 5 lists the basic electives in SYMAP to generate

a third-degree, best-fitted polynomial-trend surface. Table 6 summarizes the

error measures and coefficients of the third-degree surface. Table 7 contains a

listing of the actual predicted, residual transportation costs, as well as the

location coordinates of each of the 79 destination points to Kentucky from

Chicago, Illinois that was utilized to create the database. Figure 7 graphical

portrays the error surface as a function of distance and magnitude of error

derived from use of the third-degree surface. In addition, uses of the data-

bases can generate other graphically-portrayed models in forecasting and report

writing. The examples in the various Figures and Tables are but a few of the

many survey and spatial analyses available to consumers of information.

a
This entry is JCL (job control language) showing where the tape/disk file

is located, and will dhange somewhat depending on the computer installation.
b
User entered title.
c
User-entered legend.

d
Statistics and time-series options.

eDirection of viewing and final plot-size factor for output.



CONCLUSION

As evident from the figures generated from applying only a few aspects

established databases for instructional purposes, a large range of computer

graphics can be utilized for students and practitioners to conceptualize and

visual complex interactions of survey-research data and transportation costs

as a function of distance. Students/practitioners should be in better positions

to grasp more components of d research problem to make more effective decisions

and better communication of their analyses. With the increasing use and avail-

ability of appropriate software and hardware, computer modeling should be used

in conjunction with statistical models to better portray and communicate the

complex interactions found dealing with "real-world" problems. With the advent

of increased computer technology and associated applications that graduate busi-

ness personnel will rapidly find themselves confronted with, we as instructors

in the various disciplines should take steps to help our students make that

transition with a minimum of stress.



TABLE 1. Computer system checklist comparing resolution, accuracy, repeata-
bility, color, and speed with types of input and output devices and
software needed.

Characteristics Input Output Display Software Tape Disk Printer Overall

Resolution X X X A X

Accuracy X X X X

Repeatability X X

Color X X X

Speed X X X X X X X X

Source: Control Data Corporation, 8100 34th Ave., Minneapolis, Minnesota 55440.



TABLE 2. Financial and physical considerations of selecting the proper
computer graphics system for use in educational applications.

Financial and Physical
Attributes/Factors Overall Considerations/Concerns

Interface
Software
Hardware functions
Vector/Rastor/Both
Throughout
Hard copy output
Input

Physical environment

Delivery time

Personnel constraints
System and device

Reliability
Costs

Financing
Vendor stability

Other systems, software, devices
General graphics, applications, languages
All devices (specific requirements)
Each device and overall system
Overall system, units of work vs. units of time
Your needs
Range of data sources

Temperature,-humidity, lighting, static, dirt,
noise

Hardware, soitware (when must system be opera-
tional?)

How many operators? With what skills?
Maximum down time per week/month

Standard, custom services (software). Include
taxes, delivery, installation, training, site
preparation, maintenance, software
Rental; Purdhase; Leasing
Check Dunn & Bradstreet, Better Business Bureau
Banks, references

Source: Control Data Corporation, 8100 34th Ave., Minneapolis, Minnesota 55440.
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CAPTIONS OF SELECTED TABLES

TABLES

3. Basic specifications of stored datamatrix and associated descriptive
statistics of spatially-oriented transportation costs.

4. Partial listing of digital-datamatrix stored in tape/disk file(rows by col
umns) of spatially-orientated transportation costs.

5. Listing of the basic electives in SYMAP and SYMVU to generate the best-
fit, polynomial-trend surface.

6. Summary of error measures and coefficients of the third-degree,
polynomial trend-surface and associated statistics.

7. Listing of the spatial/geographical coordinates, actual and predicted
transportation costs, and the differences or errors in prediction for
each of the 79 locations.
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QUICK SMOOTHCOSTS FOR TRANSPORTATION PER CLASS DIFFERENCES BETWEEN 100 AND 77.5 KENTUCKY
-

LEGEND SPECIFIED FOR THE PLOTTED SCALE IS : COST IN OCLLARS
SIZE FACTOR SET TO 0.74300- -

- -

VERTICAL SCALE FACTOR SET TO 2.0000
SYMAP INPUT HAS BEEN SPECIFIED
THE UNIT NUMBER = 8 THE DATA WILL BE READ FROM THERE

- **NOTE*** ADDITIONAL JCL (IE. NEw DO CARD) IS REQUIRED FOR THIS UNIT NUMBER
-

THE NUMBER OF NOWS ON THE STRAP FILE EXCEEDS 98ONLY 98 WILL BE READ
THE NUMBEA-OF nows READ FROM THE SYMAP FILE WILL BE 89
HE NUMBER OF COLUMNS READ FROM THE STRAP FILE WILL BE 98

--SURFACE-MILL OrVIEMEOFROm THE SOUTHEAST
NUMBER OF ROWS IN DATA MATRIX 89
NUMBER OF COLUMNS IN DATA MATRIX 98
DATA EXTREMES ARE 2.85000 3.32171
MEAN is 2.92404
STANDAg0 ERROR OF THE MEAN = 0.00248
STANDARD DEVIATION = 6.14614
SKEWNESS 21 46175.37541

STANDARD ERROR FOR SKEWNESS =
KURTOSIS = 2974.84180
coirt7Top TRANSPORTATION PER dass OLFFEREiZES ä Eioô Akb 77.5 KENTUCKYROW 4

INPUT MATRIX

16



8.07 1.04 1.1112 2.01 11.03 2.911 8.07 /.0114 4
60 41.00 .4. .4.00 ...foe. .4.6 -11.06 1.214) So011 CoOO .2020 .2.90 R.... -i.e. -c.o. ..i.ge

.1.100 ..11. .4.00 .4.1110 11.11// ../ .41111 ..1.41111 .1.40 .4. 1 114 2.1/7 R.e. 8 .06 R.4111

Coe6 t.0111 Roe. 11.66 1. 2.14 Reed 1.60 4.46 11 8 . 8 .1111 1441 t 1.60
4400 R 1..60 Roe. 3.04 11.11111 2.4141 1 2.410 1113 8.61 1.7 1.41 1.41 t.o5
/.011 11.63 8.6, tel 1.06 8.011 R.66 R.110 2.14 7.04 4.114 toll, Joel 3.03 3.406

3.06 J.040 .0.110 4.61 1.116 3.01 3.0f 3.66 3.011 3.41 3.67 3.414 3.03 3.62 3.01

3.00 C.14 8.1111 8.1, 1.116 11.01 3.00 .1.041

al .2;00 .2.0 2.06 .4.60.8.00 .4.0 ..2.041 +1.008.60 1.06 1.06 1.661.06 11.00 1.64 1.0e4.64' -8.411 '-f:04 1.063.12 3.13 3.13 2.134.44 3.04 3.04 3.04

No011 2.021 ..2.420 2.042 100, .1.00 .1.0 2.60 1.61.2.16 .4.06 2.00 .2.00 .4.06 .4.00 2.122 2.02 Zoe/
i ...! 1: I ... 6: 6:

1o54 8.06 1.00 1.60 2.61 1.116 2.00 8016 4.611Z.06 11.06 i.e.. 8.60 4.00 1.47 2.62 ion, 4.41
t::: I:::

8.01 2.00 2.611 1.91
1::: 7::: R." 3.01 3.071.13 3.18 1.14 3.11 3.01 3.011 3.0, JoOO JoOS

3.04 3.04 Jolly 3.03
.11000 .4.6 .1.0. .4.60 Z.00 .4.041 1.6e .2.60 .8.00 .4.00 1.411 2.61 2.41 2.64 1.1111

2.01 4.01 8.00 11.111111 .4.00 .4.06 .4.110 .4.60 .4.60 /.00 2.64 1o0f /.614 7.11e 11.44
4:14 1/.4- -Par- /.411 S64 2.04 2.06 2.100 2.1916 2.016 2.60 4.01 2.64 1.01 7.11$

80114 8.61 2.114 2.116 4.e0 1.616 1.06 Z.O. 8.66 1.0. P.O. 1.01 2.61 1.47 2.67

2.611 2.09 2.2141 2.210 S.OF 8.011 8.10 1.01 4.117 1.40 3.01 3.61 3.06 3.11 3.13

3.16 1.141 2.11 JoIF 3.1F 3.t. 3.146 3.11 1017 3.114 3.13 Jelt 3.17 1.1* 3.11

3110' 7.1113.-. 3.111 3.16 3.130 3.60 3.64 3.06

I " -I:::
1006 8.60 8.06 Soed1 Roe/ 2.114 8.114 8.114t Tot: '-rot: t.tt3.14 3.111 1.10 2.10

1

.4.011 .4.00 .4.0111 2.011 .4.00 1.011 2.6 2.611 1.011 2.0. foOV
st.e. -8.441 -coos .i.oe .+2.6. -i.e. -a... 1.61 2.06 2.61 i.e.
1066 11006 2.611 2.66 2.611 4.01 toe/ 12.44 It.er 1.01 2.1114
C.OF 8.116 8.60 8.60 8.66 1.06 1.07 8.01 1.01 2.01 toe,
4.011 VI 4.61 it.64 : to00, 3.06 5.04 3.11 3.11 .1.14 3.17
J.21 .1 3.10 J.80 3.111 1.101 JAI JAI 3.16 3.14 3.14
3.14 3.113 3.11 3.00

."-- VS -.MN ---+r:041---"1:41 14:1111 '53.66 2.66 .2:40 .2.00 1.61 1.611 2.01 1.611 2.RIP 1.011

8.00 R.00 R.01 8.00 C.d. 2.01 8.66 -91.66 .4.60 .4.60 1.94 i.1.' 1.02 R.06 11006

1.06 4.10 201110 Rolle 8.06 Roed Coe, 11.411 n.Or 8.02 2.82 1.61 1.64 8.41 1.04

Z.6? II.Of 1111 8.411 8.6/ 2.1111 8.87 1.010 R060 1.06 1.06 C.011 14.67 1.61 2.07
-1.111-" R.66 204 Soef 2120 2oVO 2.02 2.111 2.14 3.01 3.05 3.69 3.13 3.14 3.111

3.24 3.13 3.74 3.115 JIffs 3.26 3.13 3.22 3.22 2.21 3.16 3.10 3.10 3.R0 3.20

3.211 3021 2.22 3.11 3./e 3014 3 .1 3.18
VI

..1.00 .4.00 1.60 8.011 1.1111 1.011 1.611 /.61 (.611 2.011

6.60 20011 11.41. 2.60 1.11 11.611 1.00 1.60 .4.06 R.66 1.64 1.51 8.14 11.041 8.06:::/. /::/. 8.6.
6.01

1.6,
S.Or

4.11.
2.01

2.611 11.01 RoOf2.01 2.64 i.e6
toOf
2.0.

Solif
Z.06

2.02
1.06

1.51 2.01
a.es 2.es

ir.es i.e. 8.07 100/ Rod. 8.11 1.03 1.116 2.1111 3.03 1.01 3.11 3.15 3.10 1.21

2.16 3.81 3.16 3.36 3.1, 3.10 3.16 2.121 3.24 3.24 2.23 3.73 3.71 1.3. 3.71

2.20 .1.11, 3.80 3.21 3.41 3.11 3.111 3.14ft 4041 .4.00 .1.114 -i.e. 8.941 21110 4.011 8.011 2.60 it.O. 2.011 Sell foOV 2.011 1.411

R.01 1.611 8.66 R.10 4.60 1.66 1.01 2.01 2.0. 12061 8.07 to4F 2.07 R.01 2.6.

Roe& ...* II:14 1141. 8.11. ZoOF 2.14 1.11. 2.82 2.41 8.64 2.04 1.00 1.40 2.049 2.110

1.00 C.66 1000 1.116 2.22 8.0F R.OF 2.0F 2.02 2.02 i.e. 1.611 R.66 2.44 2.04

4.06 8.64 2.44 2.12, 2.611 11.114 2.13 8.94 3.041 3.03 2.02 7.111 3.10 3.14 3.72

3.23 3.22 3.20 3.2O 3.10 2.20 2.211 3.22 3.26 3.17 3.23 3.7.1 3.21 3.75 3o24

-------'1:11,- .3.111 3.11 3.29 3.26 2.22 3016 3.14
21 .2.00 .4.00 ..1.00 .2.011 ..4.60 .4.00 2.111 2.0. Zoe* 2.60 2.6V 2.411 t.tV 2.64 1.R,

8.611 2.120 8.61 2.611 1.611 1.00 1.11111 8.66 2.00 8.68 Rof0 1.02 14.01 loaf 2.07

1.14 C06/ 2.12 S.02 2.24 CoOF 1.44 1.06 1.410 2.06 1.00 8.04 2.60 7.01 1.00

8.0111 it.e. 8.66 Rees 1.00 2.120 8.06 i.e. 2.122 2..12 ..e. 1.46 1.00 1.46 2.66

8.06 1.114 1061 2.02 2.811 11.11 1.13 8.90 3.00 3003 3.06 2.12 3.16 3.20 3.22

3.27 3.20 3.10 30.Je 3.36 3080 30111 .7016 3.40 11.17 3.14 7.14 a.r. J.J. J.219

3.11 3.311 3.30 2031 3.26 3.22 3.16 1.17
74- 6111413*--04011 --13;e11--191.9$ ' an;09 .4.114 st.se 1.40 1.40 1.00 n.61 1.69 1.61 4.60 2.61

11.61 1.111 8.10 4.6e 4.11111 8. 410 11.116 1.66 1.10 2.1111 E.611 it.Or i.e. S.er

1114062 Roe/ i.or v.., 1.41 2.80 1.66 4.66 4.46 1.06 i.e. 1.6 1.66 1.110 e.01

1.10 1.64 1.04 1.116 13.16 12.421 8006 8.06 2.06 toe. Noel goer 8.011 1.66 2.1110.. --11:11--- 1114 --Coll, teer t.e0 1:10 11.11 20117 8.19 3.01 3007 3.18 3.10 3.24 2.22

2.241 21.441 2.29 J.J21 3.36 3.10 3.86 3.81 3.20 3.te 3.40 J.10 1.21 3.1 3.16

.1.1111 3.80 3.211 3.16 3.14 3.24 3.16 3.13

" 1::: 1::: I::: 1::: 1::: -:::: '"1.1" 2.1°.i.e. 4.08
Zee. 2.611 R.001.410 /.6111 1.00

11.411
Z.40

4.00
2.60 8.611 a.e.

2..et it.e,

----- i.er-- it... v.., i.e. i.e. a.s. i...41 2.41. 8.1111 8.00 2.2112 2012. 2.01 1.111 1.011

8.11 1.94 11.64 1.46 1.46 1.011 1.66 2006 8.60 8.60 2.42 2.212 Sort 2.610 8.04

40041 R.66 8.er 4.0. 2... 2.41, Rolle 4.114 8.16 3.01 3.04 3.11 1.10 J.11 J.22

3.14, 3.441 3.11 3.30 J.311 3030 3.30 3..10 3.29 3.20 3.11 Joie 2.20 3.40 11.26

-114,111--711.el--11:2411-3:114" 3444' 2410 3.11 3.11
..14 11.06 11.041 .71.01 ..t.14 ...i.e. 11.40 /.40 .4.00 2.19 8.07 2.2112 10611 8.011 Reell 1.09

--11:111,--- 1441,---41:01,--44111
11.11 141, 14se 2.61 loOO 1.66 1.64 11.60 S.16 2.611 2.40

1.01 (.60 1.64 4.44 1.00 n.114 t.40 1.44 11.16 1.10 11.0V 1.01 1.00 2.01 1.00

1.19 CoSV 8.011 4.01 8.69 C.O. 11.4111 Roe% Rolle 8.00 2.40 loaf 2.02 foOf 2.42

1.06 1.On 8.41/ 4.0f e.e. Soda 2.110 e.e, S.116 3.611 3.01 3.11 2.16 3.19 3.14
'''71111/111811311111,14311. 1430 34341 Sole 3436 same 3.30 3.29 3.811 3:80 3.26 2.20

Svff 1.14 11.i4 2.21 Jdolle 3.111 3.11 3.011

i



F MAP

LOISTRI BUT ION COTS FOR DIFFERENCES
BETWEEN CLASSES 77.5 AND I OG

STATE-OF-KENTUCKY.

ALAN O. SMITH EASTERN KENTUCKY UN IVERSI TY

I MAP OIMENS IONS ARE 9.00 INCHES LONG BY 0.00 INCHES 11, IDEPRESSIOW-DF-CONT OUR-LIN E S- OR BO UN 0 AR I E S15 . NUMBER OF CHAI1ACTERS PER
INCH I S 10 .0 DOWN AND 10.0 ACROSS21 SYMVU T APE CREATE() AND PR INTED24 SUPPRESSION OF NUMERIC INFORMATION

38-TRENO-3URFACE-AFAUTSIS-i- OR DER 3.00
0 .000000 MINUTES FOR INPUT
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FIGURE CAPTIONS

FIGURE

1. Distribution of questionnaire respondents according to product satisfaction
and performance.

2. Line graph of sales, in millions of dollars, as a function of time of sales.

3. Bar plot of expenses by department in an unnamed company.

4. Line-printer map of transportation costs as generated from SYMAP and eventually di,
digitized.

5. Three-dimensional surface displaying transportation costs to Kentucky from
Chicago, Illinois as viewed from the southeast direction, 300 degrees from
the datum plane.

6. Three-dimensional surface displaying transportation costs tooKentucky from
Chicago, Illinois as viewed from the northeast direction, 30 degrees from
the datum plane.

7. Error surface (actual minus predicted transportation costs) as a function
of distance and magnitude associated with the third-order, polynomial,
best-fitted trend equation.

21



A denotes no satisfaction

B denotes little satisfaction

(..
denotes moderate satisfactiGn

D denotes much satisfaction

E denotes factor does uot apply
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