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1 .0 I NTRODUCTIO N

As p a r t  of  the Op e rat i o n a l  Dcc i sion A id s (ODA) pro jr~mi , Int eq rat~ d

S Sc i encc~, Corpo ra t i on  i s  cond uc t i n g ex p e r i  men ta l i f l V t~~; I. i C j S I t  i o n s  of r ;ian -

flaCh i t IC interface (tiMI ) concepts. The Current task is di rected toward the

deve l up~~ n t and  ev i l uat ion of Con t n I b  s Sub ~cct i ye Fti rict ions (Cs F) as they

np~~lv to  com pute r— u i  d cd d~ ci s ion nial~ ng . The use of Cont inuous Subject ive

Funct i utis is one ieans b y v,hi ch a dcc is  ion C’:lker ( e . g .  , Task Force CoIoni rIder

(TF C ) )  can convey h is  e s t i~;bat e o f a given situat i on to the deL ISiOIl ai d ing

hardw are .  As such , i t can represent an al t e rnative to less comprehensive

m et h o s , suc h as e l i c i t i n g  sca la r  e s t i m a t e s  for m a n— t o — m a c h i n e  t r a n s f e r  of

subjec tive jud g m e n t s .

One way to i mp lement a CSF v ia  dec i s i on  a i d i n g  equipment is for

the d e c i s i o n  maker  to “draw ” t he curve , l ine , or sur face represent ing  his

e s t i m a t e  on a cOr . I puter—dr iven g raph ics  d i s p lay . Var ious  types of con t rol

hardware arc available to perform draw i ng tasks in conjunct ion w i t h  an

i n t e r a c t i v e  graphics disp lay ; among them are the li gh t pen , the track bal l ,

and the joy stick. The li gh t pen is one of t h e  fliOSt common l y used devices;

it consi sts of a hand-held fiber—optic tube that can be “pointed” at a

li ght source ( e . g . ,  cursor ) on the screen and used to move the cursor to

produce a l i ne .  The joy st ick and track ball are both analog devices. The

j oy  s t i c k  rese mb l e s  a p i lo t ’ s contro l stick; the track ball consists of a

recess ,unted sp here t hat  can be rotated by the palm of the hand . Both

are equ ipped w i t h  poteri t i o i~ ter s , the s i gnals of which are converted to

dig it a l x- and y—va l ues , so that the cursor on the screen moves in direct

propol t ion to t he moven-~nt of the dev ice.

This p i lo t  study was undertaken to evaluate the l i ght pen , track

ball , and joy stick in relation to types of drawing tasks to be performed in

subsequent CSF research . By determining in advance which of the three control

devices y ields the best performance in CSF-type tasks helps to avoid con-

found i ng the main experiment. According ly ,  the primary experimenta l nu l l

— 1 —
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hypot h e - 1 s  w~ is t hat there is  no si g n i f i c a n t  d i f f e re nce  anvsn j devices . This

report doc IJ’n~ nts t he re s u l t s  of t he th ree facto r  a n a l y s is  of va r iance ,

d e s c r i b e s  the resu l t s  of t e s t s  on observed d i f f e r e n c es  among devices , and

develops a c r i t e r i o n  f unc t ion  that a ids  the ‘,e l e c t i o n  of the best  dev ice.

I
I
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- 2 .0 E X P E R I M E NTAL D E S I G N

2.1 OP [RATOR TASKS

The gen~~c~~ioi1 of a Conti nr uou ~ Subjective Function (CSF) may

require a v a r iet ;~ of ‘‘d~ a’.:ing ’’ tasks From the operator. Thus the grap hic

repre~eotation of a suK j~ ct i ve function may be accompl ished by dra~-iing

strai ght l i n e segments , curves , or surfaces , depending on the funct ion.

Furthermore , curv~ s may either be continuous (e.g., circles) or discrete

(e.g., histograms). in addition , a drawing task may be further classified

into three categories:

t • Sketching

• Tracing

1 . Pseudo-tracing

In this context , “sketching ” refers to the trans fer of a men tal image to

I the grap hics disp lay screen without the aid of visual reference--or anchor---

po ints. “Tracing ” i nvolves generating a visual image aided by a series of

I closel y spaced anchor points; when done on a CR1 , tracing is analogous to

a “connect—the— dots ” routine. “Pseudo—tracing ” i nvolves aspects of both

‘ 
sketching and tracing: there may be certain points , lines , or other data

available as visua l references , but they are not so many that the task be-

Conies simp l y m echanic al.

Since sketching and pseudo-tracing of straight lines and curves

are the types of draw i ng tasks i nvolved in the production of a CSF , the

experi ie nt included both types . The exper imental tasks exc l uded (insofa r

as poss ible) a subject operator ’s artistic ab i l i t y  or mathematical sop h s —

t i c u ti o~t aS an influence on the results . Another factor influencing the

selection of experimental tasks was the need for strai ghtforward measure—

ent of operator performance across con tro l devices. Figure 1 , for instance ,

shows two possible operator estimates (broken lines) of a CSF (solid line) .

S 
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I

F iqi r e I . Examp le CSF Estima tes.

To measure wh i ch operator  es t ima te  is a bet ter  rendition of the des i red

shape was considered need l essl y complex for this experiment. Instead , one

or two simp le geometric figures were needed , wh i ch (1) required the types

I of drawing tasks des i red , (2) were commonly unders tood , and (3) allowed

direct measurement of deviations . According ly, two commonly known geo-

I metric fi gures were chosen for the d rawing task: the equilatera l triang le

and the circle. Both fi gures readil y yield commonly held and repeatable

I 
men ta l irio r ;~ s; this helped to measure more directl y perfonilarlce due to the

control d~viccs . Selection of these two fi gures also allowed the definition

of the dependent variables to be relativel y strai ghtforward (see Section

1 2 . 2 ) .

F i nu ll y, dra~ in q the two f i gures involved both sketching and

pseudo-tracing tasks . Drawing the circle is defined as pure l y a sketching

task: no visua l anchor points were available to the subject operator.

Ore m g the  equilateral triangle as a whole is taken to be a sketchinq task;

but add i t iona l  d i s t i n c t i o n s  were made for generat ing the ind iv idua l l ine

segments of the triang le. These distinctions are as follows : first , the

order and direction in which the sides of the triang le were to be drawn

were specif ied , in order to simp lify the samp ling of points (done in soft-

w a re ) on the l ine segments. These spec i f i ca t i ons  are shown in Figure 2.

4 
1
1 
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Fiqure 2, Triangle Sketching Procedure.

Drawing the first side was defined as a pseudo-sketching task ; since the

line was to be horizontal , the operator could take advantage of the edge

of ~he screen as a refe rence. The second side required sketching : the

operator had to jud ge the proper length and slope of the line without the

benefit of easil y used l andmarks . Drawing the third side consisted of a

pseudo-sketching task with anchor points , i.e., two vertices of the triangle;

the operator had onl y to draw a strai ght line segment between the two points.

( In SUI;I’lin ry , drawing the circle was a sketching task only, while

drai~iing the triangle invo l ved a transition from pseudo-tracing to sketching

to pseudo-tracing ~ii t h anchor points. These distinctions hel ped to define

the experimental dependc :i t variables wh i ch are the performance measures of

the circle- and triangle-dr awing tasks.

2.2 DEPENDENT VARIABLES

To evaluate performance of three control devices for these

draw ing tasks , nine performance varia bles were defined . Eight were

recorded for each operator—drawn tri angle and one for each circle , Thus ,

both straight and curved l ine sketching were measured , as well as straight

line pseudo—tracing .

J . — 5 —
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F i r s t , the straightness of each side of the triangle was
measured. For each side , points were samp led from the drawn line according
to a soIt~ are—c ontr olle d lime/distan ce criterion . Linear regression
c o e f f i c i e n t s  for a lea st—squares fit were calculated (Equations 1 and 2)
from the x— and y— coordin ate of the sampled points on the line:

Ex 1y 1 — ______

a 1~~ ( 1)
2 

_______

~x. 
- ______

n -

a2 
= ~~ i - 

a
l
.x. 

(2)

where the summation s over i go from 1 to n , the number of samp led points.
Next , estimated valuqs of y. were computed for each value of x on the
l ine according to the regression equation (3) :

— a 1~~. a
2 ( )

The residua l is then defined to be:

R
~ 

= (y. y ) 2 
(4)

where y. equals the ra’~ y value of the samp led point on the drawn l ine.

Then f o r  each of the tN r : side s , the mean residua l and standard deviation
of the r e s i da ] ls  :e c a l c u l a t e d  according to Equat ions 5 and 6 re s p ec t i v e ly :

— V R
(
~

)
n-2

“R . ~~~ 
- (~ R.)

2
/n (6)

(n-I)

To measure ho~ cl osel y the triangle drawn on the screen resemb l ed
an equ; latera l triangle . standard deviations for the length of the sides
and fur the size of the angles were computed . The lengths , L~ , of the three
sides were calcu lated according to the Euclidian distance between the

— 6 -
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I

re~ i ’ v c t i v e  V e r t i c e s . Mean length , L , wa s com puted ; the s tand a rd  dev i a t i on
for the l ea b t is udS o b t a i n e d  by:

_ _  

( -I )

T h e  ,e i j i e s , . ,  m e ~~~ d~~te r l ined (a~ u n  from the vertices of the t r i a n g le)
and t i e  s t s 1 m c d  d i - - i t ion , o , w—m s com p uted by :

~~~~~~~ 
/ 2  ;(6o) 2 (8)

The sin le n e  r’n~ince v a r i a b l e  recorded for the c i r c l e  wa s the
stand .ird d e v i a t io n  o f d i s t a n c e  ( ra d i u s ) ,  r

~~, 
f rom the c e n t r o i d  of the

samp led point s of tie drawn fi gure. The centro d (xe, 
~~ 

was taken to be

the rv~an of the x— at~d y-coordinates of the samp led point s . Distance from

the centro d to each sampled point was determined by the Euclidian distance

for r ia , so tha t the standard dev ia t ion  was g iven by:

0 ~~~ /~r.
2 

- n(~ ) 2 (
~

)
r 

n- i

To summarize , nine per forn lance measures were recorded for each

trial:

( 1 — 3 )  Three values of °R~ ’ 
the standard dev ia t ion  of

res idua ls  for each ’ s ide of the t r iang le.

()
~— 6) Th ree values of R

~ , the mean res idua ls  for
eac h side of the triangle .

(7) One v~ lue of o~ , the standard deviation of
the lengths of the sides of the triangl e.

(8)  One value of a , the standard deviation of
the ang les of the trian g le s.

(9) One valu e of o , the standard deviation of
the radii of tcie circle .

_____ — -— - S 
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2.3 INDEPENDENT VARIA BLES

The three independ ent variables for the experi me nt vinre:

(I) Subject operators

(2) I n t e m a c t i v e  graphics control  devices

(3) Repl i cat  ions

Five subj ect operators were used. A l l  were U . C . L . A .  nedengrad uates  in the

fields of eng i neering, computer science , and psychology . Three control

dev ic es  were used: j o y s t i c k , t rac kha l l , iiid l i c jhtpen . Four comp lete

rep lications were performed ; each replication consisted of four triang les

and four circles d rawn per each control device per subject.

2.4 ANOVA DESIGN

I
S The effects of possible differences in devices , operators , and

rep flcations on performance were of interest. Therefore it was decided

to conduct a th ree  f a c t o r , fu l ly replicated , randomized block factorial

experi ment to deter m ine i f  there were si gni ficant performance differences -

due to the fac tors  or the i r  i n t er a ct io n s .  There were three dev i ces , five

operators , and four rep l i c a t i o n s .  Each replication on a performance measure

consisted of four date po~ nts generated by an operator dur in g n sing le

sess ion .  Thus , the da ta  m a t r i x  for a single performance measure and one

rep l icati o r i has the structure of Table 1 . The full data matrix for a

performance is 3 devices x 5 operators x 4 replications x 4 data points

per replication. The model is:

Y~ • = U + R . + D . + RD. . + O  f RO. + OD. -4- RDO ..
i j km i j  ij  k ik jk sj k

(10)
+ C fli( j j k )

The levels of devices are clearl y fixed and not chosen at random.

Operators were not chosen at random from any population of potential users

of the control devices in a military setting. Therefore the results of

- 8 -
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the experiment are no t gcnc’ral i zabl e to any popul at ion ari’h ‘ e ratm r~ ’’

m u s t he cnn ;idcred n fi xed v a r ia h le .  R e p l i c a t i o n s  ar a , s u - e d  to be a

raniur m vari abl ’~. Since there are two factors at fixed levels and one at

ra ndom 1 eve is , the r ’ nd~ I is a mi xed e f f e c t s  mnndel
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3.0 EXPERIMENTAL PROCEDURE

3.1 SINGLE TRIAL PROCEDURE

Each experimental session was conducted by a test director and

two subject operators. For each trial , the tes t director selected the

control device to be used for that trial; a single trial consisted of

drawing one triang le and one circle with the selected control device .

At the beg inning of a session , the test director scheduled , via

the teletype , the software package for the experiment. Responding to an

interactive query at the teletype , the test director entered the identifi-

cation number assigned to whichever subject operator was executing the

trial. The test director then entered a number des i gnating the control

device to be used for that trial. The test director randomized his

selection of control dev i ces to minimize any sequential effects across

devices . In gene ra l a subject operator did not use the same contro l de-

vice for two consecutive trials.

Once the program was scheduled and a cont rol device selected ,

the subject operator--seated at the display console--began the trial. On

the screen appeared a frame marking the boundaries of the screen area

where the figures were to be drawn , and the legend “Position Cursor. ” The

subject  operator used the des ignated control device to move the cursor to

the screen position he chose as the starting point for the first leg of

the equilateral triangle. Once he had the cursor positioned at the chosen

po int , the operator depressed the l i t  function button , thus (I) marking the

coordinates of the start point for the first li ne segment , and (2) freeing

the control device to “draw” the first leg of the triang l e. At the end of

the first leg, the operator depressed the function button again to mark the

coordinates of the second vertex of the triang le. The second leg was drawn ,

and the function button depressed to mark the starting point (vertex) of

the third leg. The operator drew the fina l leg ; when this third line seg

nien t was within a software-specified distance of the in i tia l  start point

— I I  —

~~

--

~~~ 

t~_ 
- -. ~~~~~~~~

-,
~~~~~

- —
~~~~~~~~~~

‘ ? i~~
- - - - -

~~~



—- -

for the triang le , the fi gure was automaticall y closed. For sampling

purposes , each side of the triang le had to be at least two inches long ;

if the comp leted operator-drawn figure did not satisf y this requirement ,

a message appeared on the display screen instructing the operator to re-

draw the figure. In this case the operator repositioned the cursor and

proceeded as before .

If the triang le met the specifications , the operator next pro-

ceeded to draw the circle. Using the same contro l device des i gnated at

the start of the trial , he positioned the cursor at the desired start

point , again within the4rame appearing on the display . To draw the

fi gure , the operator depressed the single , lit function button and p ro-

ceeded to use the control dev i ce to produce the circle. In this case ,

there was no requirement for direction in which the circle was drawn :

the operator was free to proceed either clockwise or counterclockwise.

Again , the figure was closed automaticall y when the cursor was within the

prespecif ied distance of the initial point. If the completed circle was

less than the specified one-inch radius , the operator was instructed--via

a message on the display--to redraw the figure . If the circle satisfied

this requirement , the trial was over , and the test director defined the

next trial by selecting another of the contro l devices and/or the other

member of the s ubject  operator team.

3. 2 SCHEDULE

Prior to the experimental sessions performed for data collection ,

the subject operators partici pated in a series of training sessions under-

taken to familiarize the subj ects with the hardware and experimental pro-

cedures and to hel p minimize learning effects during the data collection

phase. The training sessions were also used to i dentify and discourage

any operating strategies deve l oped by a subject that could affect the

experimental results. The test director was on hand to educate the sub-

jects in the use of the hardware , monitor practice runs , and prov i de

training feedback.
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Data gathering sessions were initiated once the subjects were

I fami liar with equi pment and procedures . A single session consisted of

the test director and two subject operators and was scheduled for two

hours. The subjects performed 1c rials according to the sequence dictated

by the test director. Since the individua l trials could be comp leted

f a i r l y quick ly, each subject was able to complete one repli cation per

sess ion ; any t ime re r l a in ing  in the two-hour sess ion  was devoted to

t ra in ing  tasks pertaining to the main experim ent (in progress).

1

I
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4.0 DISCUSSION OF RESULTS

4,1 TESTS OF S IGNIF ICANCE

Tests of si gnificance were performed for each nma in effect and

J for the first— and second—order interactions. Computed values of the F

ratios for each perfo rmance measure are given in Append i ;< A ; leve ls of
significance are shown in Table 2.

Severa l pre l ini na ry conclusions were indicated by the results

shown in Table 2. First , devices were clearl y significant for all

performance measures i nvolving strai ght— or curved—line drawing tasks .

Second , replications appeared to be significant. This was discounted

however , because the Rep lication x Device interaction was not s ig n i f i c a n t,
i .e., there were no significant learning or boredom effects that selec—

S 
tiv el y affected devices. Third , operators appeared to be significant in

tasks involving stra i ght lines. In this case, the results could not be

overlooked since Device x Operator interaction was also sig n ificant for

six of the eig ht performance measures involving straig ht line drawing .

The Device x Operator interactions were plotted for the signifi-

cant performance measures (Figures 3—8) . Examination of the interactions

for performance measures on the second leg of the triangle (Fi gures 3 and

4) shows drastic differences among operators for both the joy stick and

lig ht pen . These interactions also show that the common element across

all ope rators is that the track ball yields the best (or insi gn i f ica nt ly
different from the best) performance . Figures 5 and 6, show i ng the inter-

action for performance measures on the third leg of the triangle , are less
clear cut. It appears that the results are highly individualized by

subject operators. Clearly, operators 2 and 3 differ markedl y in perfor

mance from the othe r mem bers of the experimental group. (In a rea l world

situation , these two might be assigned to more appropriate jobs.) Other—

wise , among operators 1 , 4, and 5, the track ball again seems to y ie ld
the best (or ins igni ficantl y differ ent from the best) performance . Figures

.. ~~~ ‘ I
i — 1 4 —
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7 and 8, for measures of the r egu la r i t y  of the triangle (UL and a) show

that-—except for one operator——there appears to be litt l e  difference among

the devices. This nijFi t be expected because devices alone were not si gni-

ficant ly different for these performance measures (Table 2) and because

producing an equila t. ral triangle can he expected to depend more on an
operator ’s spa t ia l  ju dgement than on the control dev i ce used .

4.2 RANK OF DEVICES

S ince contro l dev ices were significant for strai ght and curved
line drawing tasks , the t o t a l  means for devices werc’ ranked numerically

and the contrasts among devices tested by Scheff~ ’s method to provide a

pre l imi n ary indication of wh ich device was best. Results are shown in

Tab le 3. From the table , it can be seen that on the basis of observed
differences among the devices , the track ball was most often the superior

dev i ce. In conjunction with the results of Scheff~~s test , the track ball

appears to be the best device for straight-line tracing (°R 1 
and R 1 ) and

is clearl y the best for straight—line sketching (°R and R2). Judging

from observed differences onl y, the light pen yielded the best performance

for s t r a i g h t — l i n e  p s e u d o — t r a c i n g  with anchor points (°R3 
and R3). Tests

on the means of these measures , however , were inconclus ive . In the first

case (c~~ ), the cont rast  bet~-ieen the light pen and joy stick is signifi —

cant , but the track ball is not significantl y different from either . In

J the second Cas e  (

S~~~

3
) no ;leari is significantl y diffem ent from any other

mean. For these two performance measures , then , it is difficult to judge -

between the track ball and light pen as to which is the better device for

this pseudo—tr acing task. For the performance measure for curved—

l ine sketching, Sche ff ~~’ s test did not support the observed numerica l

superiority of the track ball . In this case , as fo r R3, none of the means
was significantly different from any other niiean .

Scheff.~’s test is , of course , less sensitive to observed differ-

ences than are other tests on means , hence one possible source of i nconclus i ve
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I
Table 3. Numerical Rank of Devices and Resu l ts  of Scheff ~~ s Test .

Performance Nu~:e r ica l  Rank Schef f ~~’ s Test
I Measure - -_________ 

~~~~~~_ _ _ _ _ _  - _________ __________ _________

- —_____ ____ 
Joy S t f t kj T~~ck Ba l l  Ligh t Pe n Joy S~~~k

1 
Trac k_Ba llTLight_Pen

- °R 2 1 3 1 1 2
Vi

i n C  
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _1 C

2 1 3 2 1 2
I)

C .—
C D >
U) C) 0
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3 

-

• 
2 1 3 1 1 2

-1~~
- - _ _  _ _ _ _ __ _ _
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0 r 3 1 2 Test Inco rclus i ve
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r e s u lt s  for thre e of the performance measures. The infornnat on displayed
in Table 3, ho-.-iever , ~u~ qes t s  tha t the t rack ball i s a reasonable choice

aioricj the dev ic es  for both strai ght— and curved—line drawing tasks. The

track ball is clearl y byst for st ra ig h t — l i n e  sketc hing and also displays

the best performance value ( lowest  total mean) for cu rved—l i ne  sketch ing

}
I i .3 CP ITER IO N FUNCTION EVALUAT ION

A second evaluation of the con t rol devices was carried out by

-cans of a norra l  ized , we i ghted , l inea r  sum c r i t e r i on  fu nct ic , r n . The f i r s t
step in form ul ating the criterion function wa~ to simp lif y the evaluation

by eliminating irrelev ant or redundant perfo rmance measures from consider-

at ion . Therefore , °L and m~ (measures of regularity of the t r iangle ) were
eli nirnated because devices were not si gni f icant ly  different for these

variables (Table 2). In addition , the three standard deviations of

residua ls of the sides of the triang les 
~~~~ 

CR 2 . °R3~ 
were el im inated

because-—for purpose s of the criteri ~ n function——they were considered

redundant with the three mean residuals of the sides of the triang le

~~ 
R2, and R3). Of the four remaining performance measures of interest ,

three were reasuCe~; of st r~~gh t— 1i n - :- drawin g tasks and one was a measure

of curved—line dra- .’:ing. They are :

( 1) i~ a r ILas ure  of strai ght — l i n e  pseudo—tracing w i t h
a reFerence frame

(2) R2 : a measure of stra i ght - line sketching

(3) 
~~ 

: a measure of strai ght—line pseudo—tracing with
anchor points

(Li) Cps a measure of curved—line sketching.

The functiona l form of the criterion function is given by Equation II:

14 PM~~
CF~ — E  Wj PM~ ( 11)J’

~
l j
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where:

CF
~ 

c r i t e r i on  funct ion va lue of the ~th device

wj = the wei ghting coefficien t of the ~th performance
measure

Pl~lj j  = the exper imenta l  value of the performance measure
o the ith device on the j th performance measure
(total niean exper imental value)

PM~ t he value of the best (minimum) performance measure
among the three devices for the jth performance
measure

and :

‘1

~ w . = 1.0 (12)
j=l -~

S ince three of the per formance measures pertained to strai ght-line

drawing tasks , it was decided to use w~ as the sensitivity variable , so
that fro m (12) :

-

~ 

+ ~I~3 
= 1 — w~ r 

( 1 3)

The order of importance of the types of straig ht—line drawing tasks was

def ined and sub jec t i ve  ra t i o  factors assigned . Since sketching was

considered mos t cons is ten t  w i t h  CSF—type tasks , R2 was assi gned the rank
of one; 

~ l and R 3 were ranked two and three , respectively. The relative

importance of the strai ght—line drawing tasks is expressed in Equations

(14) and ( 15)  by subjective constant ratio constraint-s .

— = .:~;;_~ ( 1 14)
2

R2 .25
.15R3
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The s e n s i t i v i t y  anal ys i s  cons i s ted  of se lec t i ng  a va lue for the
sen s i t i v i t y  variable , w 0 ;  solving the system of equations (13, 14 , and

15) for w~~~ w R 2 and w~ 3
; and us ing these solved values of w 1 to compute

t~~e va l ve  of CF~ 
(E quat ion 11 ) .

The resul ts are p lo t t ed  in Fi gure 9 for values of interest of the

s e n s i t i v i t y  v a r iab le , namel y f rom 0. 1+ to 0.8. The p lot ind ica tes  that the
track ball and joy stick are markedl y consistent across performance

reatures , i.e., their respective performances are quite similar for the

types of drawi ng tasks (s t ra igh t  vs. curved l ines)  examined here. The
slope of the p lot for the Hg ht pen sugg-~sts that the li ght pen ’ s
performance var ies among the drawing tasks , w i th  a relative superiority

for curved l ine sketching.  The primary in te rp re ta t ion  of the cr i ter ion
function evaluation , however , i s  that the track ball appears to be always

the bes t device regardless of the subjective wei gh ting of the curved

(w(or
) )  l ine sk etch i ng performance factor.

14.4 CON CLUS IONS

The ana lys is  of var iance ind icated that the three in te rac t i ve
grap hics control deviL :es examined in th is  stud y were s ign i f i can t l y different

for a range of drn.- ;ing t a s K s — — e s p e c i a l l y s t ra i ght— and curved—l ine
ske tc h in i  of thr  type used to represent continuous subject ive funct ions.
Althoug h the resu l t s  of us ing  Sche f fe ’ s test did not show the track ball

to be super ior in a l l  cases , they provide a reasonable basis for selecting

the track ball as the preferred device. On the basis  of the c r i te r ion
function eva l uation , the track ball is clearl y the best dev i ce overall.

The combined impact of these resu lts , therefore , indicates that the t rack

ball will be the single con t rol device of choice for all subsequent contin-

uous subjective funct ion app l icat ions.
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