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NOTES FOR A MODEL OF HUMAN PERFORMANCE IN ZOG 1 

ZOG is an in te r face fo r man-computer communication cu r ren t l y under e x p l o r a t i o n at 
C M U ( R o b e r t s o n , Newel l & Ramakrishna, 1977). This paper conta ins . some in i t ia l 
c o n s i d e r a t i o n s fo r how to analyze human per formance using ZOG. We wi l l g i ve a b r i e f 
i n t r o d u c t i o n t o ZOG as seen at the level of the user, in order to make th is paper min ima l ly 
se l f con ta i ned . The paper re fe renced above, which int roduces ZOG and descr ibes t h e s y s t e m 
a r c h i t e c t u r e , shou ld be consul ted for more background. 

ZOG may be descr ibed as a rapid response, large ne twork , menu se lec t ion t e c h n i q u e . 
T h e user s i ts in f r o n t of v ideo terminal on which is d isp layed a f rame of i n f o r m a t i o n , as 
s h o w n in F igure 1 ( the names of the various parts of the display are also ind ica ted o n t h e 
f i g u r e ) . Thus communicat ion f rom the computer to the user is via a d isp lay of f o r m a t t e d 
a lphamer i c data. Communicat ion f rom the man to the computer is v ia the se lec t ion of o p t i o n s 
(some of w h i c h are cal led pads). Selection is accomplished e i ther by touch ing the s c r e e n at 
t h e p lace w h e r e the op t ion is d isp layed or t yp ing the se lect ion-character that appea rs at t h e 
f r o n t of each op t i on or pad. Selection general ly produces another f rame of s imi lar f o r m a t 
w i t h add i t iona l op t ions . Select ion may also evoke an action, which may lead to add i t iona l da ta 
b e i n g d i s p l a y e d or o ther act iv i t ies taking place. Though it wi l l not be of much c o n c e r n h e r e , 
ZOG is ac tua l ly a communicat ions device to other programs on the computer ; thus the ac t ions 
t h a t it takes are to communicate commands and data to o ther p rograms (of a r b i t r a r y 
c h a r a c t e r ) , w h i c h in t u r n ou tpu t back through ZOG to the user. From the user 's v f e w p o i n t 
ZOG might as we l l be s imply a program capable of ca r ry ing out complex ac t i v i t ies . The 
d i s p l a y of F igure 1 dist inguishes three kinds of select ions, which are logical ly iden t i ca l , b u t 
s e r v e to s t r u c t u r e the in format ion on a display for the user. The op t ions lead to o t h e r 
f r a m e s of similar, fo rmat and are s t r i c t l y local to the frame. The global pads alorjg the b o t t o m 
a r e ava i lab le on e v e r y f rame and const i tu te a set of general search and or ientar t ion 
capab i l i t i es . The pads ver t i ca l l y along the r ight size are actions that hold ove r a s u b n e t , e g , 
s t a n d a r d commands to a g iven program, if the subnet is being used as a gu ide p r o g r a m t o 
e x e c u t i n g a p r o g r a m . 

What d is t ingu ishes ZOG f rom a standard menu-select ion scheme, of wh i ch t h e r e a re 
m a n y , is tha t the response t ime for the next display is essent ial ly instantaneous (eg , a r o u n d a 
t e n t h to a q u a r t e r of a second) and that the total set of f rames t h r o u g h w h i c h one can 
c o u r s e is v e r y large (eg, tens of thousands). These two features go t oge the r s ince r a p i d 
r e s p 6 n s e in a small net is of on ly l imited ut i l i ty . With ZOG, the user is to be able t o s t a y 
w i t h i n the net essent ia l ly indef in i te ly , gaining knowledge and g iv ing commands. ZOG's b e i n g a 
c o m m u n i c a t i o n agent to o ther a rb i t ra ry programs is also a d is t inct ive f e a t u r e , t h o u g h it 
r e l a t e s to the scope of its appl icabi l i ty rather than to the nature of the m a n - c o m p u t e r 
commun i ca t i on to wh ich it g ives r ise. 

Rapid response coupled w i th the large ne twork produces a qua l i ta t i ve ly d i f f e r e n t 

1 I w o u l d l ike to thank George Robertson and Kamesh Ramakrishna for d iscussions o n t he 
t o p i c of th is paper . 
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£ fcL 
Genera! background on ZOG Z0G1 Z0G3 

ZOG is part of a research ef fort to understand communication between humane 
and computers Various aspects of this research effort are described below. 

1 System specifications of ZOG 

2. What is ZOG used for - - functional characterization 

3 Scientific issues behind ZOG 

4. Who ts doing ZOG 1 5 Where* 5 When? What sponsors 9 

5 Prior research and antecedents 

6. Examples of ZOG projects (real and in progress) 

7 Developing your own ZOG net P-PRINT 

a-alter b-back d-display h-help m-mark n-next r-return z-ZOG TC-exit 

-[Title] 

[Mark ID] 

[Frame ID] 

[Text] 

[Options] 

[Local pads] 

[Global pads] 

Global pads: 
a-alter 
b-back 
d-display 
h-help 
m-mark 
n-next 
r-return 
z-ZOG 
TC-exit 

Enter alter mode to modify (edit) current frame 
Go back to previous frame 

Display again (in case display is lost or garbled) 
Go to Help subnet to explain how ZOG works 
Mark this frame for return (will show in Mark ID) 
Go to frame next to this one in option list "above' 
Return to last marked frame (shown in Mark ID) 
Go to Z0G1, the root frame of the total ZOGNET 
Exit from the ZOG system to monitor mode 

ftft^p^ or t yp ing the charac ter 
- c f o n may occur, a new , r a m l ' ^ S J ^ p , ^ a V d t s ^ ' l ."Sift ^ / f e S " 

Figure 1 . Typical ZOG Frame 
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m a n - c o m p u t e r communicat ion phi losophy f rom standard menu se lect ion. The PROMIS 
l a b o r a t o r y (Prob lem Or ien ted Medical Informat ion System), of the Un ive rs i t y of V e r m o n t 
Med ica l School , was the g roup that f i rs t developed this scheme and d e m o n s t r a t e d i ts 
e f f e c t i v e n e s s in a large appl icat ion system (Hurst and Walker, 1972). Our i n t e r e s t is in 
d e t e r m i n i n g w h e t h e r the communication phi losophy is genera l ly appl icable, in d i s c o v e r i n g i ts 
n e c e s s a r y pa rame te rs and in character iz ing its per formance. Thus, in many r e s p e c t s ZOG 
c o p i e s t h e essent ia l fea tu res of the PROMIS communication in ter face, though it r e f l e c t s some 
add i t i ona l des ign cons t ra in ts and requi rements. 

It is ou r in tent to a t tend ser iously to how to descr ibe human pe r f o rmance in ZOG. 
The v e r y a r rangement of ZOG, w i t h the user cycl ing th rough a repe t i t i ve cogn i t i ve o p e r a t i o n 
as he moves f r o m f rame to f rame, entices one to the bel ief that answers shou ld b e 
f o r t h c o m i n g to quest ions such as the fo l lowing: 

(1 ) T ime: How long does it take a user to accomplish some task using ZOG? 

(2 ) E r r o r s : What sor t of e r r o r s are committed in using ZOG? How ser ious are t he 

consequences of these er rors? 

(3 ) Lea rn ing : How long does it take a user to learn a g iven body of mater ia l o r a 
co l lec t ion of p rocedures using a ZOG net? 

( 4 ) M o t i v a t i o n : How much is the user induced to s tay w i t h the sys tem unt i l t he 
task is done or the material learned? To pick up addit ional re la ted know ledge 
and ski l l because the net beckons him? To come back to use it f o r o t h e r 
pu rposes? 

Each of these ques t ions , as soon as asked, suggests a companion: 

(5 ) Compar i son : How does behavior ( for t ime, e r ro rs , learn ing, mot iva t ion) in ZOG 

compare to the behav ior in attaining the same ob jec t ives b y some o t h e r 

sys tem? 

These quest ions are "ex te rna l " quest ions. They take ZOG as g i ven and seek an 
o v e r a l l eva lua t i on of i ts e f fect iveness and place in re la t ion to a l te rna t i ve t e c h n i q u e s . 
A n o t h e r set of quest ions are " in terna l " . They deal w i t h design a l te rna t i ves of t h e ZOG 
s y s t e m to increase its e f fec t iveness and its ef f ic iency. They are of l i t t le i n te res t in any 
a b s o l u t e sense. Some examples are: 

(1 ) How impor tan t is sys tem response time to ove ra l l pe r fo rmance? 

(2 ) What is the t r ade -o f f be tween h igh- fanout shal low t rees of op t i ons and 

l o w - f a n o u t deep t rees of opt ions? 



( 3 ) What is the t r a d e - o f f be tween the amount of tex t to descr ibe an o p t i o n 
c l ea r l y and the t ime it takes to read and comprehend it? 

( 4 ) Wha t is the t r ade -o f f be tween large amounts of tex t on a single f rame and 
sp l i t t i ng up the tex t on separate frames? 

( 5 ) What is the opt imal layout of the display? 

( 6 ) What is t he opt imal set of common interact ion functions? 

( 7 ) How shou ld knowledge be decomposed to be p resented in a ZOG n e t w o r k ? 

( 8 ) What m ix tu re of p resenta t ion , quest ions, exercises, etc., make fo r e f f e c t i v e 
learn ing? 

Each of t hese in te rna l quest ions, in i tself, is unanswerable w i thou t be ing r e f e r r e d back t o 
s o m e of t he e x t e r n a l quest ions about t ime, e r ro rs , learning or mot ivat ion. 

Ne i ther set of quest ions can be taken as p rope r l y posed. They must be recas t in a 
f o r m su i t ab le f o r be ing answered exper imental ly and quant i ta t ive ly . They may t hemse l ves 
no t be the r i gh t cen t ra l quest ions to ask; they might fo l low f r om some more f undamen ta l 
c h a r a c t e r i z a t i o n s of human per formance in ZOG. However, they do indicate p r e t t y c l e a r l y t h e 
s o r t s o f issues tha t must be addressed ul t imately by any t heo ry of human p e r f o r m a n c e f o r 
ZOG. 

The ques t ions are not p rope r l y posed in ye t another way . ZOG may be used f o r a 
v a r i e t y of d i f f e r e n t tasks: guidance, educat ion, in te rv iews, data re t r i eva l , command language 
f u n c t i o n s , p rog ramming , and more. Many of these lead to d i f fe ren t s ty les of ZOGnets. The 
a n s w e r s to the quest ions wi l l be corresponding ly var ied , along w i t h the ove ra l l use fu lness o f 
ZOG f o r t he d i f f e r e n t tasks. 

It w i l l p r o b a b l y come as no surpr ise that the answers to the quest ions p o s e d f o r ZOG 
a r e no t ava i lab le fo r any comparable system. Though the re is a long t r a d i t i o n o f human 
f a c t o r s w o r k , and though the re has recent ly been establ ished a journa l d e v o t e d w h o l l y t o 
s u c h issues (The In ternat iona l Journal of Man-machine Systems), st i l l the l i t e r a t u r e p r o v i d e s 
h e l p o n l y f o r va r ious l imi ted aspects. Some recent w o r k we have been i nvo l v ed in o n 
s t u d y i n g i n t e rac t i ve ed i t ing (Card, Moran & Newell , 1976) comes about as c lose as any 
p r e v i o u s e f f o r t to be ing d i rec t l y applicable. Editing and using ZOG share some o p e r a t i o n a l 
a s p e c t s as r ou t i ne cogn i t ive ski l ls, but edi t ing does not ex tend to know ledge acqu is i t i on , 
p r o b l e m so l v ing and search, such as occurs in a ZOGnet. The present paper d r a w s s t r o n g l y 
o n t h e a p p r o a c h of the ed i t ing s tudy that one can bui ld quant i ta t ive models fo r c o g n i t i v e 
sk i l l s , bu t i ts deta i ls w i l l not be per t inent to the level of discussion here . In any e v e n t , t h e 
b e s t t h e p r e s e n t essay can p rov ide is pre l iminary guidance. 

The p u r p o s e of th is paper is to examine the s t ruc tu re of human act ion in ZOG t o lay 



t h e g r o u n d w o r k fo r answer ing these quest ions, by exper imenta l i nves t iga t ion and t h e 
d e v e l o p m e n t of quan t i ta t i ve models. We discuss four components of an u l t imate p e r f o r m a n c e 
m o d e l . F i rs t is the fou r measures we ident i f ied as important to ZOG pe r fo rmance . Second is 
t h e d e t e r m i n e n t s of the t ime per f rame, ie, what happens when the user p rocesses a f r a m e . 
T h i r d is t he p r o b l e m of o r ien ta t ion in the net. Four th is the descr ip t ion of user s t r a t e g i e s . 
T h e s e f o u r components const i tu te a major par t of the tota l requ i rements of a p e r f o r m a n c e 
m o d e l , t h o u g h not al l . 

T h r o u g h o u t it w i l l be premature to dist inguish carefu l ly the d i f f e ren t w a y s ZOG migh t 
be u s e d f o r d i f f e r e n t tasks. However, to have a concrete task in mind, cons ider t he o n e f i r s t 
b e i n g imp lemen ted : a guide to the faci l i t ies in the Computer Science Depar tment at CMU. 
M u c h of th is ZOGnet consists of a expanding t ree of explanat ion and desc r i p t i on tha t c o v e r s 
in i nc reas ing deta i l the peop le , p ro jec ts , computers and so f tware avai lable — wha t t h e y a r e , 
w h o does w h a t , how th ings wo rk , where things happen, some h is to ry , and so on . The use r 
e x p l o r e s th is t r e e f rame by f rame to va ry ing degrees of deta i l , as sui ts his mo t i va t i on and 
o b j e c t i v e s . W h e n a r r i v ing at part icular so f tware systems, say, the ZOGnet w i l l gu ide t h e use r 
in e x e c u t i n g the s o f t w a r e , e i ther showing him how to use the commands of the p r o g r a m o r 
h a v i n g h im execu te the p rogram indi rect ly by making specif ic select ions (eg , h i t v a r i o u s 
pads) . I t w i l l suggest var ious exercises to t r y w i th specif ic programs and may d e m o n s t r a t e 
t h e s e t o t he user b y having him step through a par t l y prep lanned sequence to w i t n e s s h o w 
t h e p r o g r a m behaves . The user wou ld re tu rn again and again to the same ZOGnet, e x p l o r i n g 
d i f f e r e n t c o r n e r s of it as his in terests d ictated. Thus he wou ld t rave l t h r o u g h some p a r t s o f 
t h e t r e e many t imes (on the way to other newer par ts) and wou ld become fami l iar w i t h t h e 
g e n e r a l l ayou t of the ne two rk in vary ing degrees. Overal l he wou ld p r o b a b l y v is i t many 
m o r e f r ames tha t jus t held in format ion than he would those that had act ions assoc ia ted w i t h 
t h e m , because all act ion f rames would be sur rounded by var ious addi t ional i n f o rma t i ona l 
p a t h s t o exp la in the act ions and their consequences. 
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THE BASIC MEASURES 

e r r o r * ^ C . h a r a c t e , r , 2 e d . t h e e * t e r n * ' performance of ZOG in terms of four variables: time 

Tt â t̂arm T̂oTr̂ f0" A r d e ' m U S t f i r S t d 6 f i n e t h e s e i n — terms be ore 
a u e , ? i n n i f ? . to structural features of interest (eg, those mentioned in the second set of 
ques fons ) . Let us md.cate briefly what needs to be studied to treat each of these 

Time 

Time is the on ly var iab le of the four that raises no basic measurement issues. The 
t o t a l t ime fo r a user to accomplish something in ZOG is decomposable in to the sum of t h e 
t imes t a k e n fo r each f rame. Given some uni formi ty in the design of ZOG f rames, t h e r e w i l l b e 
c h a r a c t e r i s t i c t imes per f rame, so approximat ing total t imes by the number of f r ames t imes 
t h e a v e r a g e t ime per f rame wi l l be useful . The time per f rame depends bas ica l ly o n t h e 
i n t e r n a l make up of the f rame (its content and arrangement) , whereas the to ta l n u m b e r o f 
f r a m e s d e p e n d s on the sub ject matter (broadly in te rp re ted) and the s t ra teg ies of t he user . 
Th is f a c t o r i z a t i o n is not pe r fec t , eg, frames are dealt w i th qui te d i f f e ren t l y w h e n used as a 
s o u r c e of know ledge or when used as an access path to o ther f rames. St i l l , de ta i l ed s t u d y of 
t h e t ime pe r f rame and its dependence on the internal s t ruc tu re of the f rame w o u l d seem t o 
b e a necessa ry component for an analysis of the behavior in the large, ie, of t he t o ta l t ime t o 
accomp l i sh a g i v e n ob jec t i ve . 

Errors 

In ZOG, as in many in teract ive systems, e r ro rs do not show Up p r ima r i l y as an 
i n d e p e n d e n t measure of per formance. Instead, they are de tec ted by the user h imsel f and 
c o n v e r t e d in to addi t ional t ime — time to undo the e r ro r ' s consequences and p r o c e e d 
c o r r e c t l y . This is on ly an approx imat ion; ul t imately some e r r o r s sneak b y t h e u s e r ' s 
d e t e c t i o n and become e r r o r s in the f inal product , e i ther e r r o r s of learn ing or e r r o r s o f 
s y s t e m use. Basical ly , however , the study of e r ro rs becomes fo lded in w i t h the s t u d y of 
p e r f o r m a n c e t ime. 

The de ta i l r equ i red in a theory of e r ro rs depends on the deta i l o f t he t ime 
p r e d i c t i o n s . Simple e r r o r ampl i f icat ion factors might do v e r y wel l fo r some pu rposes . In so 
f a r as e r r o r s can be de f ined by frames encountered or select ions made, t h e y can be d e f i n e d 
w i t h accu racy and can be de tec ted automatically. If e r ro rs have to be de f i ned b y human 
ana lys i s and post hoc judgment , they become ext remely di f f icul t to w o r k w i t h . 

Even a b r ie f ope ra t i on w i t h ZOG reveals a cr i t ical source of e r r o r s to be t h e use r ' s 
o r i e n t a t i o n in the net . Where am I? Where did I come from? Have I been he re be fo re? Do I 
k n o w w h e r e to go next? Can I get back here, if I wander of f in search of some in fo rma t ion? 
T h e s e ques t i ons are not unique to ZOG. They show up in e v e r y ex tended ac t i v i t y f r o m 
w a n d e r i n g t h r o u g h a c i t y or a bui ld ing, to reading a book. In most areas of l i fe t h e 
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o r i e n t a t i o n is bu i l t in to our exper ience w i th the si tuat ion and is not d is t inc t . But w i t h ZOG 
t h e space is a n e t w o r k , wh ich is fo re ign to the user both in s t ruc tu re and in e x p e r i e n c e . 
F u r t h e r m o r e the f rames have a homogeneity (being always text a r ranged in s imi lar f ash ion ) 
t ha t makes o r i e n t a t i o n and recogni t ion more di f f icul t . Some at tempt to deal w i t h o r i e n t a t i o n 
seems a necessa ry component for t rea t ing the more sub jec t -mat te r dependen t aspec ts o f 

Learning 

The basic requ i rement for measuring learning is a measure of pe r fo rmance . L e a r n i n g 
is i nd i ca ted by changes in the per formance measure over repea ted occasions ( su i tab l y t a k e n 
t o a v o i d contaminat ion by o ther phenomena such as fat igue). The pe r fo rmance measure can 
t a k e essen t ia l l y t h r e e fo rms: (1) a b inary value of succeed/ fa i l , wh ich leads to p e r f o r m a n c e 
b e i n g measu red e i the r by the time to complet ion or by the p robab i l i t y of success; ( 2 ) a 
m e a s u r e of the number of e r r o r s commit ted, e i ther on the way to comple t ion o r in t h e f ina l 
p r o d u c t ; (3 ) a measure of the qual i ty of the final product along some scale, as in j u d g m e n t s 
o f t h e aes the t i c va lue. Qual i ty measures usually involve human judgment . Besides ra i s i ng 
p r o b l e m s of i n te r j udge re l iab i l i ty , they are re la t ive ly expens ive to ob ta in in mass ive 
q u a n t i t i e s . It is t empt ing in ZOG to use what comes easiest, namely t ime to comp le t i on and 
s u c c e e d / f a i l measures, bo th of which are detectable automatical ly (p rov id ing tha t s u c c e e d / f a i l 
imp l ies a r r i v i n g at some f rame or taking some selection). 

The c rea t i on of per formance tests is part of the design of ZOGnets, in any e v e n t . 
Good i n s t r u c t i o n impl ies p rov id ing var ious indications of whe ther the user has l e a r n e d and 
f e e d i n g th is back to him. For ZOG used as a guidance system for o ther p rog rams , t e s t s a re 
ma in ly p r o b l e m sets w i t h detectab le success or fa i lure condi t ions. For ZOG used in a m o r e 
C A I mode , these are mult ip le choice sub jec t -mat ter tests. 

Lea rn ing en te rs into ZOG in many ways and it is important to be clear in any i ns tance 
w h a t l ea rn ing is be ing measured. If a ZOGnet is being used to convey a body of k n o w l e d g e , 
t h e n t h e lea rn ing of in te res t is acquisit ion of this knowledge. If a ZOGnet is be ing used t o 
t e a c h how to use a programming system, then the learning is exh ib i ted b y how e f f e c t i v e l y 
t h e p r o g r a m m i n g sys tem is used in isolat ion after the ZOG exper ience. If a ZOGnet is b e i n g 
u s e d as a gu ide to accomplish a one- t ime act iv i ty , then learning occurs t h roughou t t he use o f 
ZOGnet , bu t it is pa r t and parcel of the per formance task and no separa te measure o f i t may 
b e poss ib le . In th is la t te r respect all use of ZOG involves learning b y the user , e v e n t h o u g h 
w e ta l k about it as a per fo rmance. 

Motivation 

M o t i v a t i o n r e fe r s to what people want to do; cogni t ion re fe rs to how t h e y a t ta in w h a t 
t h e y w a n t . G iven that goals s t ruc tures are recurs ive, so that what a p e r s o n w a n t s is 
d e t e r m i n e d b y his method fo r at ta in ing his immediate supergoal , it is unclear how t h e r e can 



b e any s e p a r a t i o n b e t w e e n mot ivat ional and cogni t ive analysis. St i l l , some ques t i ons o f 
i n t e r e s t in ZOG seem to be "mot ivat ional" in nature. They re la te t o p e r s e v e r a n c e , 
e x p l o i t a t i o n of oppo r tun i t i es , en joyment , at t ract iveness, etc. Mot ivat iona l analys is #seems 
ca l l ed f o r w h e n t h e r e is f r e e , but mutual ly in te r fe r ing , choices among ac t iv i t ies w i t h no 
t e x t u r e of d i f f i cu l t y in implement ing any choice. 

The basic resu l t of a mot ivat ional analysis, whe ther one speaks of r e i n f o r c e m e n t , 
i n c e n t i v e , d r i v e or u t i l i t y , is a descr ip t ion of objects in a choice s i tuat ion in t e rms of some 
c o i n o f the rea lm so that the actual choice can be easi ly computed. Un fo r t una te l y , t h e r e is 
y e t no a p r i o r i analysis that can be appl ied to construct this measure. For complex # o b j e c t s 
m u l t i p l e o b s e r v a t i o n of choice behavior in va ry ing si tuat ions w i t h v a r y i n g a l t e rna t i ves mus t 
b e t a k e n . The avai lable conceptual f rameworks focus on e f fec t i ve summar iza t ion once t h e 
c h o i c e da ta a re in hand. 

Thus w e are d r i ven to s tar t w i t h d i rect measures w i th in the ZOG s t r u c t u r e f o r 
d e t e c t i n g choices of user in terest . For instance, compared to the main road how o f t e n a r e 
s ide b r a n c h e s taken? In t roduc ing into such choice si tuat ions var ious s tanda rd i zed r e w a r d s 
and pena l t i es permi ts the const ruc t ion of a common basis of compar ison. For i ns tance , 
c o m p a r e d to va r i ous computer games which are available w i t h i n ' t h e net , how is f r e e t ime 
d i s t r i b u t e d ? If such measures w o r k out f ru i t fu l l y , then one can w o r k b a c k w a r d f r o m t h e m t o 
make con tac t w i t h more genera l approaches to mot ivat ion. But the s ta r t must be w i t h q u i t e 
i d i o s y n c r a t i c measures that have only in tu i t ive face val id i ty . 
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TIME PER FRAME 

The ZOG user goes th rough a cyclic opera t ion dur ing wh ich ce r ta in f unc t i ons must 
n e c e s s a r i l y be p e r f o r m e d , g iven the s t ruc ture of the ZOG system. S ta r t ing w h e n t h e n e w 
f r a m e is d i s p l a y e d , the user must f i rs t comprehend the in format ion on t he d i sp lay , t h e n he 
must se lec t wha t to do among the opt ions available, and f ina l ly he must wa i t f o r ZOG t o 
d i s p l a y t h e next f rame. These th ree funct ions — comprehension (C), se lec t ion (S) and w a i t i n g 
(W) — f o r m a usefu l decomposi t ion of the user 's act ion, though what exac t l y c o n s t i t u t e s 
t h e s e f unc t i ons remains to be invest igated. 

For any f rame f we wou ld l ike to be able to w r i t e s imply: 

( E l ) Tf - T.Cf + T.Sf + T.Wf 

w h e r e Tf is t he to ta l t ime to process frame f, T.Xf is the t ime spent to accompl ish f u n c t i o n X 
f o r t he f r ame , and the t imes for the components par t i t ion the to ta l i n t e r va l . Th is is t h e 
s imp les t add i t i ve model . Given th is, a number of the in ternal quest ions cou ld be d i r e c t l y 
a d d r e s s e d . Howeve r , some of its di f f icul t ies are w o r t h not ing. 

Let us s ta r t w i t h the assignment of times to the components of ( E l ) , To do a n y t h i n g 
e x p e r i m e n t a l l y th is must be possible, at least indi rect ly . The cycle s ta r ts w h e n a n e w f r a m e 
is d i s p l a y e d and ends when the next f rame is d isplayed. Thus Tf, the to ta l t ime fo r f r a m e f, is 
eas i l y measured . Simi lar ly, the boundary be tween S and W is c leanly marked b y t h e act o f 
t o u c h i n g the key or screen. However, the separat ion point be tween C and S is not c l e a r l y 
m a r k e d b y an ex te rna l act ion. The conceptual d is t inct ion remains^ h o w e v e r , b e t w e e n 
c o m p r e h e n d i n g the new knowledge in a frame and consider ing whe re one might go nex t . 
E x p e r i m e n t a l va r ia t ions of the ZOG archi tecture might be used to assign a t ime t o th i s 
b o u n d a r y . The op t ions might not appear unti l a pad OPTIONS was hi t , at wh ich po in t t h e t e x t 
w o u l d d i sappear ( to be red isp layed if des i red by TEXT). (This wou ld assume tha t all 
c o m p r e h e n s i o n of the opt ions is par t of select ing where to go next and does not add t o t h e 
k n o w l e d g e acqu i red in a frame.) Such exper imental var iat ions d is to r t the to ta l o p e r a t i o n , b u t 
c o u l d be ca l i b ra ted against the standard scheme. An a l ternat ive s t ra tegy , ca l led the a d d i t i v e 
f a c t o r s m e t h o d , of exper imenta l l y va ry ing var ious task character is t ics to separa te t h e s tages 
in c o g n i t i v e p rocess is also avai lable. 

The next d i f f i cu l t y is that the processing for a funct ion wi l l not s tay nea t l y in one 
p a r t i t i o n . The re might be osci l lat ion be tween comprehending and se lect ing. The user migh t 
w a i t f o r a wh i l e and then real ize he hasn't selected the op t ion . Addi t iona l c o m p r e h e n s i o n 
m igh t occur wh i le the user wai ts for the next f rame. Some comprehens ion might have 
o c c u r r e d on p r i o r f rames if t he re were redundant knowledge. And so on . Some of t h e s e 
comp lex i t i e s might be handled by classi fy ing them as e r ro r s (as in wa i t i ng b e f o r e se lec t i ng ) . 
A m o r e complex pa r t i t i on than E l could be used, w i t h many increments poss ib le f o r each 
f u n c t i o n . This wou ld mul t ip ly the di f f icul t ies of assigning t imes to each s u b i n t e r v a l . 
A l t e r n a t i v e l y , E l cou ld s imply def ine the aggregate time for each func t ion , no mat te r w h e r e i t 
o c c u r r e d in t he i n te rva l . This wou ld requ i re d i f f e ren t techniques to ob ta in es t imates o f t h e 
c o m p o n e n t s , s ince the boundar ies would no longer have meaning. 
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A t h i r d d i f f i cu l t y is that a single processing action is not necessar i ly assoc ia ted w i t h a 
u n i q u e f u n c t i o n — it may serve mult iple funct ions. This is cer ta in ly poss ib le b e t w e e n 
c o m p r e h e n d i n g and se lect ing, whe re the opt ions may give much of the in fo rmat ion o f a f r a m e . 
Th is d i f f i c u l t y is a d i rec t denial of the addi t iv i ty assumption in ( E l ) , fo r it says t ha t 
p r o c e s s i n g acts are not independent . 

A f ina l d i f f i cu l t y is the extent to which the user can process in para l le l , so t ha t e v e n 
if a d d i t i v i t y in the amount of processing holds, it does not t rans late in to add i t i v i t y in t he t ime 
i n t e r v a l s t aken . Given that the re is some motor movement as wel l as some poss ib i l i t y f o r 
h i g h l y l e a r n e d responses , the possib i l i ty of concurrent processing must be e n t e r t a i n e d . 

The ex ten t to wh ich any of these problems are ser ious is an empir ica l q u e s t i o n . A t 
some leve l of deta i l t hey must raise di f f icul t ies, but simple approx imat ions may be e m i n e n t l y 
u s e f u l . Let us cons ider each of the th ree funct ions (C, S, W) to p in d o w n more c l ea r l y w h a t 
is i n v o l v e d . 

Comprehension 

A f rame p rov ides knowledge that the user can acquire. For tuna te ly , the f r ame i t se l f 
is l im i t ed e n o u g h and its language simple enough so that, w i thou t undue d i f f i cu l t y , w e can 
t a k e th is know ledge as a set of e lementary proposi t ions, each of wh ich is about some se t o f 
e n t i t i e s of i n te res t . The language of the frame itself can be used as a f i r s t a p p r o x i m a t i o n , 
t h o u g h a s ing le sentence might need decomposing into severa l e lemen ta ry p r o p o s i t i o n s . 
Some more fo rma l i zed nota t ion might ul t imately be useful . We can re fe r to these e l e m e n t a r y 
p r o p o s i t i o n s as knowledge elements. 

The f rame o f f e r s knowledge; the user need not comprehend it. He may a l ready h a v e 
t h e k n o w l e d g e or some par t of it. Having the knowledge does not automat ica l ly a v o i d al l 
c o m p r e h e n s i o n . If the user does not know that he knows what is in t he f r ame , he must 
c o m p r e h e n d the f rame enough to recognize that state of af fa i rs. The user may also no t 
c o m p r e h e n d all the knowledge in a frame th rough de l ibera te s t r a t e g y o r t h r o u g h 
i n a d v e r t e n c e . To do so, of course, he must avoid at tending to it, at least in de ta i l . 

The act of comprehending an element of knowledge might be taken as p r i m i t i v e 
w i t h o u t undue d i s to r t i on . Given that its components are already known, ie, i ts p red i ca te and 
a r g u m e n t en t i t i es , it requ i res a single "unit act" to comprehend. If the components a re no t al l 
k n o w n , t h e n the p ropos i t i on cannot be learned, though it can in i t iate learn ing of t h e miss ing 
c o m p o n e n t s . This is a s t rong cont inu i ty assumption, but its adopt ion as an a p p r o x i m a t i o n is 
r e a s o n a b l e b o t h theore t i ca l l y and exper imental ly . 

The user can comprehend a knowledge element whenever it is p r e s e n t e d and he is 
p r e p a r e d . A n e lement on the g iven frame could be obta ined be fo re a r r i v i ng at t he f r a m e , 
e i t h e r p r i o r t o the en t i r e ZOG run or f rom ear l ier f rames, or af ter the g iven f rame f r o m la te r 
f r a m e s . The poss ib i l i t ies for shar ing be tween frames can be de termined f r o m the k n o w l e d g e 
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e l e m e n t s f o r t he f rames. L ikewise the extent to which some f rames are a n e c e s s a r y 

p r e p a r a t i o n f o r a g iven f rame ( for the necessary pr ior learning of componen ts o f a 

p r o p o s i t i o n ) is afso determinable . 

The know ledge elements have so far been taken to be the actual p r o p o s i t i o n s 
e x p r e s s e d on the f rame. But the user can infer or induct knowledge as we l l as s imp ly a b s o r b 
w h a t is p r e s e n t e d . The ex ten t to which users go beyond the knowledge g i ven w o u l d seem t o 
b e a f a i r l y t r i c k y af fa i r . But again, simple approximat ions may be poss ib le . Users r e a d i l y 
f o r m s ing le -e lemen t general izat ions. When presented w i th some knowledge in c o n c r e t e f o r m , 
w h a t is c o m p r e h e n d e d (and learned) is a more general ru le . This is o f t e n n a r r o w e d o r 
o t h e r w i s e shaped b y subsequent exper ience. On the other hand, in ferences i nvo l v i ng cha ins 
o f Reduc t ions f r o m sets of knowledge elements may be much r a r e r , espec ia l l y i n 
k n o w l e d g e - c o n v e y i n g , as opposed to prob lem-pos ing, s i tuat ions. 

Comprehens ion and learning must be dist inguished. Comprehension impl ies t he ab i l i t y 
t o use k n o w l e d g e in some way ; learning implies the maintenance of some c o m p r e h e n s i o n 
(once acqu i red ) ove r some per iod of t ime. Good evidence exists that learn ing w i l l t ake p lace 
if t h e k n o w l e d g e is used. ( In the cur rent metaphor of psycho logy, the deepe r the l eve l o f 
p r o c e s s i n g of some mater ia l , the greater the probab i l i t y that it wi l l be learned.) H o w e v e r , t h i s 
is c o n f o u n d e d w i t h the amount of use, so that knowledge elements on a f rame u n d o u b t e d l y 
can be c o m p r e h e n d e d and used locally wi thout being learned so as to be avai lab le at some 
l a t e r t ime . Thus , w e may need to dist inguish both an amount of t ime fo r t he un i t act o f 
c o m p r e h e n s i o n and the amount of t ime for long term learning of the knowledge e lement . 

We have iden t i f i ed th ree dist inct processes that occur in the comprehens ion phase 
f o r a f r a m e : recogn i t i on ( that what is expressed is al ready known) , comprehens ion , and 
l e a r n i n g . These each apply to the single knowledge element. The to ta l c o m p r e h e n s i o n 
a c t i v i t y f o r a f rame consists of a sum of such processes over the set of know ledge e l e m e n t s 
in t h e f r a m e , p lus any cont ro l processes that are requ i red. These la t te r might make t h e 
s i t u a t i o n much more compl icated than the addit ive model implicit in the know ledge e l emen t 
scheme . What might these cont ro l processes be? 

One poss ib i l i t y is a general or ient ing response to the new d isp lay. Such o r i e n t i n g 
r e s p o n s e s are read i l y obse rved in s tar t l ing si tuat ions. It could add a s e t - u p t ime of a f e w 
s e c o n d s t o each f rame, wh ich might const i tu te a l imit ing fac tor to rap id use of t h e ne t . 
A n o t h e r poss ib i l i t y is a decis ion process about which elements to consider. Wi th la rge b o d i e s 
o f ma te r ia l cons iderab le condi t ional behavior can occur that just ignores pa r t of t h e ma te r i a l . 
H o w e v e r , t he s ingle f rame contains only a small body of knowledge and the user may adop t a 
s imp le exhaus t i ve s t ra tegy . Final ly, comprehension may not occur in a s ingle pass, espec ia l l y 
w i t h s e v e r a l leve ls of processing available for a knowledge element. However , t h e r e may be 
no w a y to sepa ra te out the passes exper imental ly . 

What can be said about times for the var ious processes we have ta l ked about? Take 
c o m p r e h e n s i o n f i r s t . There is some d i rec t ly re levant data in the w o r k of K intsch ( 1 9 7 4 ) , w h o 
m e a s u r e d the t ime to read material incorporat ing d i f fe ren t numbers of e l e m e n t a r y 
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p r o p o s i t i o n s . He f inds rates of .5 to 4 sees/propos i t ion, w i t h the var ia t ion depend ing o n t h e 
d i f f i c u l t y of the mater ia l (.5 is for adults reading chi ldren's s tor ies) and on the l eng th of t h e 
t o t a l ma te r i a l , w h e r e it takes apprec iably longer per p ropos i t ion ( independent of t y p e o f 
ma te r i a l ) as the to ta l length increases. The data are not ex tens ive , but it ind icates w h a t w e 
can e x p e c t in exper imen ta l measurements on ZOG. From a pract ical point of v i e w it m igh t b e 
a r g u e d tha t one could s imply use reading rates (eg, words /sec) , since number of w o r d s and 
n u m b e r of p ropos i t i ons must be highly cor re la ted. Ult imately, as a pract ica l mat te r , th i s migh t 
be r i g h t , t h o u g h Kintsch is carefu l to produce times per p ropos i t ion independent of h o w 
many w o r d s it takes to express the proposi t ion. 

Comprehens ion was the middle of our three processes. There does not appear t o be 
any s imi lar data fo r recogn i t ion , ie, the time per propos i t ion to recognize that y o u k n o w a 
g i v e n p r o p o s i t i o n . There is much data on pract iced recogni t ion of single sentences ( e g , "a 
c a n a r y is a b i r d " ) but it is not clear these times are re levant . Off the cuff one might assume 
r e c o g n i t i o n at about half the t ime of comprehension, though much depends on the corvdi t ions 
u n d e r w h i c h the process is examined (eg, reading or scanning) on the a p r i o r i e x p e c t a t i o n s . 
For l ea rn ing on the o ther hand there are a number of est imates on the t ime pe r chunk f o r 
v e r b a l mate r ia l . A typ ica l one is 8 sees (Gilmart in, 1975), but it ranges as low as 2 and as 
h i g h as 10. However , these are not for proposi t ions but for words and o the r v e r b a l ma te r i a l . 

Selection 

The s tanda rd ZOG frame has three classes of select ions. First are the op t i ons , w h i c h 
f o r m a ve r t i ca l a r r ay be low the text . These are local to the f rame in that the user does not 
k n o w w h a t t h e y are unt i l he sees them, though he may be able to pred ic t them f r o m the t e x t 
p lus gene ra l expec ta t i on . Second are the standard pads along the bo t tom l ine, w h i c h , a re 
ava i l ab le on e v e r y f rame. The exper ienced ZOG user becomes to ta l ly fami l iar w i t h t h e s e . 
T h i r d are the pads in the r igh thand ver t ica l column, which are local to a g r o u p of f r ames . The 
use r lea rns about these on some frames and applies them repeated ly in accompl ish ing a task . 
T h e y s i gn i f y invar ian t h ighly meaningful funct ions. The user wi l l be in va r ious s ta tes of 
f a m i l i a r i t y about them. Each of these three types of select ions may requ i r e s e p a r a t e 
t r e a t m e n t . 

Cons ider a special case of select ion, where the user, having f in ished c o m p r e h e n d i n g , 
k n o w s w h a t he w ishes to select (and knows that it wi l l be there) . His task is on ly t o l oca te 
t h e o p t i o n on the d isplay and move his f inger to touch the display. In th is s i t u a t i o n 
s o m e t h i n g is k n o w n about how long it takes to make the select ion, ensconced in F i t ts Law 
( W e l f o r d , 1968) : 

(E2) T = K l + K2* log2(D/S + .5) seconds 

T rs t h e se lec t ion t ime; D is the distance to be moved; S is the size of the ta rge t ; K l and K2 
a re cons tan t s that depend on the subject and the task arrangement; and log2 is the base 2 
l o g a r i t h m . F i t ts Law essent ia l ly asserts that guidance rather than movement is the g o v e r n i n g 
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c o n s i d e r a t i o n . Thus, re la t i ve accuracy (D/S) appears in the formula and the ove ra l l f u n c t i o n 
is l oga r i t hm ic ra the r than l inear, essent ial ly bits of uncer ta in ty . There is some ev idence t ha t 
K2 is n e v e r fas te r than about .1 sec per bit . K l wi l l be in the range of 1 to 2 seconds . 
L e a r n i n g can reduce the tota l t ime appreciably (257. in some exper iments) . 

We can analyze the select ion phase by s tar t ing w i th this par t icu lar dec is ion mode l 
and i nqu i r i ng how the ZOG si tuat ions d i f fer . 

The fo rmu la t i on might be useful d i rect ly in cer ta in condi t ions. It p r o b a b l y app l ies 
m o d e r a t e l y we l l to the select ion of standard pads. The pads are all about the same s ize 
( a b o u t 2 cm) and the f inger wi l l be located at distances up to about 20 cm away , bu t .more 
l ike 6 - 1 0 cm typ i ca l l y . These lead to the logarithmic term being b e t w e e n 2 and 3 , w i t h 
occas iona l va lues t owa rds 4. Total times might run the re fo re 1.5 to 3 sec. The same s t r u c t u r e 
migh t also desc r i be a set of ver t ica l pads, used repeated ly w i th in a subnet . 

Other se lec t ion s i tuat ions d i f fer f rom this along two d i rect ions. The f i r s t a p p r o a c h e s 
t y p i n g . The user proceeds th rough a sequence of familiar f rames. The dec is ion abou t t h e 
s e q u e n c e is made at the beginning, and he knows not on ly the op t ions to be t a k e n 
( seman t i ca l l y ) but also thei r locations on the display. We can th ink of th is as k n o w i n g t ha t 
1 - 3 - 2 - 1 - 4 is to be se lec ted, except that the knowledge is motor know ledge not v e r b a l 
k n o w l e d g e , l ike the knowledge of how to move the f ingers to t y p e B-A-C-K. In such a 
s i t u a t i o n t h e r e is substant ia l ant ic ipat ion and the user's f ingers move con t inuous ly f r o m o n e 
p a d t o t he o the r in a typ ica l ski l led gesture. 

How c lose ly sequence select ion wil l approach typ ing is unclear. Many f e a t u r e s l imi t 
i t : t h e tac t i le charac ter of the touch surface (f lat, unyielding); the use of f e w e r f i n g e r s ; t h e 
d i f f e r e n c e b e t w e e n op t ion sequence and words (character sequences), bo th in f r e q u e n c y of 
o c c u r r e n c e and in redundant subs t ruc ture , the d i f f icu l ty of knowing exact f r ames , and 
p r o b a b l y o t h e r s . Yet one can expect some aspects of ski l led sequence behav io r to s h o w up . 
I n d e e d , one jus t i f i ca t ion for the speed of ZOG is that s tandard menu se lec t ion t echn iques 
s e e m cumbersome for the exper ienced user as a device for spec i fy ing command sequences 
he a l r e a d y knows we l l . 

The o the r d i rec t ion is t oward greater decision making, ra ther than less. In one ma jo r 
use of ZOG the t yp i ca l s i tuat ion wi l l be that the opt ions are unfamil iar, re la t ing to t he c o n t e n t 
of t he t ex t p r e s e n t e d on the f rame. The user needs to comprehend an op t i on b e f o r e he can 
se lec t i t . T h e r e are severa l possibi l i t ies for the user 's in ternal s i tua t ion , each of w h i c h 
s u g g e s t s a f i r s t o rde r approach to the decision process. 

The user may have deve loped some st rong expectat ions and p r e f e r e n c e s of t h e 
o p t i o n s he w o u l d l ike to take. His task is to comprehend the opt ions that ex is t and i d e n t i f y 
t h e one that can be i n t e r p r e t e d as the one he wants. When he f ina l ly spots i t , he is in a 
s i t u a t i o n not unl ike the one to which the basic model appl ies. Addi t ional p rocess ing f o r 
c o m p r e h e n s i o n wou ld be expec ted , but only for the opt ions that occu r red b e f o r e t he one 
s e l e c t e d . F u r t h e r m o r e , the one he wants is not necessari ly d i s t r i bu ted at random in t h e l is t . 
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The user can be expec ted to read the opt ions f rom the top down , having f in ished read ing t h e 
t e x t . The a p p r o p r i a t e design s t ra tegy puts toward the top those opt ions wh i ch are r e l a t i v e l y 
f r e q u e n t l y se lec ted . (This design s t ra tegy , of course, re in forces the s t r a t e g y of l i near , 
t o p - d o w n invest iga t ion . ) Thus, a more plausible model has the user spending some e x p e c t e d 
t ime (c) comprehend ing each op t ion w i th a probab i l i t y (p) that he wi l l se lect t he c u r r e n t 
o p t i o n . Under these condi t ions the expected time (T) to determine the des i red o p t i o n in a l ist 
o f K o p t i o n s is : 

(E3) T= cp + 2 c p ( l - p ) + 3 c p ( l - p ) T 2 + ... + K c p d - p ) T ( K - l ) 

= c p [ l + 2 ( l - p ) + 3< l -p )T2 + ...+ K d - p ) T ( K - l ) ] 

= ( c / p ) [ l + (1 + Kp ) ( l - p )TK ] 

= ( c / p ) [ l + O + m)exp(-m)] (approx) 

W h e r e m = Kp - expected search length 

A n i n t e r e s t i n g f ea tu re of this express ion is its v i r tua l independence of K, the l eng th of t h e 
l i s t , if t h e r e is any pos i t i ve bias in probab i l i t y toward the f ron t of the l ist ( ie, p > 1/K impl ies 
m > 1 and the negat i ve exponent ia l kills the term involv ing K). 

A second s i tua t ion has the user uncertain about what to do. Then he w i l l use t h e 
o p t i o n s to suggest a course. In this case, all of the opt ions wi l l be comprehended and some 
s o r t of l inear dependence on the size of the opt ion list wou ld be expec ted . L i t t le gu idance 
e x i s t s f o r exac t l y how this process wi l l go. Will the user be able to select the one he w a n t s 
a f t e r cons ide r i ng them all , or wi l l he requi re another pass, this t ime in a dec is ion r a t h e r t h a n 
a c o m p r e h e n d i n g mode? Would this second pass, even if it ex is ted, be seen in the da ta , o r 
s i m p l y be a b s o r b e d in a larger constant time? 

A f ina l po in t can be imagined along the dimension of uncer ta in ty w h e r e the user 
b e h a v e s as if the decis ion we re a complex and important one. Some ev idence ex is ts t ha t 
d e c i d i n g in such s i tuat ions is a ser ies of successive passes, each re jec t ing some a l t e r n a t i v e s 
and n a r r o w i n g d o w n the choice set (Tversky, 1972). However, ZOG has been des igned t o 
e l im ina te t he occu r rence of such si tuat ions, by making easy the select ion of f u r t h e r f r ames t o 
g a t h e r more in fo rmat ion . Several standard pads (back, mark, r e t u r n , nex t ) are d e v o t e d t o 
t h i s , as is the des ign pr inc ip le of always prov id ing addit ional paths in the n e t w o r k to e x p l a i n 
f u r t h e r . Only exper ience w i t h var ious networks wil l show the extent to wh ich d e l i b e r a t i o n 
has b e e n e l im ina ted . 

ZOG is not monol i th ic, despi te the common frame s t ruc tu re and d isp lay a r r a n g e m e n t . 
If ZOG is be ing used to run System X (being e f fec t ive ly a command language fo r X) t h e n 
S y s t e m X i tsel f imposes a s t ruc tu re on the decisions and the exp lora t ions fo r k n o w l e d g e . Th is 
s t r u c t u r e may be the dominant determiner of time and e r r o r s . This can p r o b a b l y be 
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d e t e r m i n e d jus t by seeing whe ther models based on general ZOG s t ruc tu re fai l w h e n used to 
p r e d i c t behav io r using System X via ZOG. However, we may have to examine the use of 
S y s t e m X v ia more s tandard command languages to disentangle the fea tu res of the s y s t e m 
f r o m t h e f e a t u r e s of ZOG. 

As se lec t ion becomes more complex, the problem of del ineat ing a b o u n d a r y b e t w e e n 
c o m p r e h e n s i o n and se lect ion becomes more di f f icul t . In the se lect ion models d e s c r i b e d 
a b o v e , comprehens ion concerns what select ing an opt ion wou ld p rov ide ; thus in p r i nc i p l e it is 
d i s t i ngu i shab le f r o m the acquisi t ion of knowledge for later use. But f rames somet imes use 
t h e o p t i o n tex t s to convey knowledge, where the opt ion i tself is the impl ic i t cho ice t o g e t 
m o r e i n f o r m a t i o n about the knowledge element in the op t ion tex t (eg, a l ist of use fu l 
p r i n c i p l e s fo r how to use ZOG nets). Far f rom being ra re , this may be an e f f e c t i v e w a y t o 
d e s i g n f rames . Conceivab ly , in nets that are heavi ly knowledge o r i en ted , it w i l l make no 
sense t o sepa ra te comprehens ion f rom select ion. This could happen e i the r because t h e y a r e 
in fac t one con t inuous process or because the comprehension t ime s imply o v e r w h e l m s any 
s e p a r a b l e se lec t ion t ime. 

Waiting 

The d u r a t i o n of the t h i r d phase of the ZOG cycle, wa i t ing , is g o v e r n e d b y ZOG and 
t h e c o m p u t e r sys tem w i th in which it l ives. Design specs for ZOG place, the wai t t ime at less 
t h a n .1 sec, wh i ch is instantaneous f rom the v iewpoint of human action ( though not qu i t e f r o m 
the v i e w p o i n t of percept ion) . But w i th the present system design this is on ly ma in ta inab le 
o n p u r e know ledge f rames. Any at tempt at complex action requ i res execu t ion of a use r ' s 
p r o g r a m and p roduces var iab le delays up to several seconds. The a t tempt to use ZOG o n 
m o r e conven t i ona l systems (such as the CMU t ime-shared PDPlOs w i t h a lphameric t e rm ina l s ) 
p r o d u c e s de lays of 5 seconds just to display the frame at 1200 baud (a t yp i ca l fas t r a t e ) , 
and more l ike 20 seconds at 300 baud (a typical slow rate). In addi t ion to the e x p e c t e d va l ue 
of t h e de lay , the va r iab i l i t y may also be relevant. 

The impor tan t quest ion is what ef fects wai t ing has on human p e r f o r m a n c e . The 
s imp les t v i e w is that it is just lost time w i th no other ef fects. It seems un l ike ly to have any 
p o s i t i v e func t i ons , since wai t ing can occur under the user's cont ro l at any po in t he w i s h e s . 
Se lec t i on has a clear te rminat ion , so that nothing remains to be done du r i ng the w a i t i n g 
phase . If the user needs a shor t p repara to ry phase to bui ld up expec ta t ions f o r t he n e w 
f r a m e , t h e n a shor t delay might be indist inguishable f rom zero delay. The user w o u l d 
p r o d u c e the equ iva len t delay in or ient ing response to the next f rame even if it came up 
i n s t a n t l y . 

T w o nega t i ve e f fec ts (besides lost time i tsel f ) seem possible. One is t he m e m o r y 
b a r r i e r . A n y s ta te being car r ied f rom one frame to another, w h e t h e r in t e r m s of 
e x p e c t a t i o n s or data elements (when using ZOG to pe r fo rm a task) must be he ld o v e r t h e 
w a i t i n g p e r i o d . There is no reason to assume this memory load is excessive. H o w e v e r , any 
load at all w i l l t end to assure that the wai t ing per iod is used on ly for wa i t i ng . A n d if t h e 
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p e r i o d is t oo long, the p robab i l i t y of losing state wil l cer ta in ly become apprec iab le . What is 
t o o long is not k n o w n ( t r y g reater than 10 seconds?), but could p r o b a b l y be m e a s u r e d 
w i t h o u t t o o much d i f f i cu l t y in a system w i th control lable delays. 

The second negat ive ef fect is on mot ivat ion. The delays may make the sys tem seem a 
d r a g t o use, k i l l ing e i ther the tendency to use it or, more subt ly , the t endency t o use it 
f r e e l y t o e x p l o r e fo r o ther knowledge. In the design of ZOG (and of the PROMIS s y s t e m ) th i s 
c o n c e r n has been cent ra l in insist ing on rapid response. 

Poor (and var iab le) system response is endemic to cu r ren t compute r s y s t e m s . 
H o w e v e r , no s tud ies are k n o w n to us on the quant i ta t ive e f fec ts of th is on human 
p e r f o r m a n c e . Some design adaptat ion has occurred. An in teres t ing one is t y p e - a h e a d , in 
w h i c h t he user is a l lowed to t ype a sequence of inputs to the machine, based on his 
p r e d i c t i o n of a p p r o p r i a t e response. (This wins if the delay is caused by the t ime b e t w e e n 
c o m p u t i n g quan ta al located to the user, so an ent i re sequence of inputs can be p r o c e s s e d if 
ava i l ab le at the beg inn ing of the user 's quanta.) The extent to which se lec t -ahead can w o r k 
in ZOG needs to be exp lo red . It may tu rn out to be s t rong ly a f fec ted by se lec t ion moda l i t y , 
t y p e - a h e a d w o r k i n g qu i te we l l , whi le touch-ahead doesn't . 
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ORIENTATION 

The genera l p rob lem is easily enough descr ibed. How does the user o r i en t h imsel f in 
w o r k i n g in a ZOGnet, how does it affect per formance (time and e r ro r s ) , and how does it 
d e p e n d on the s t r u c t u r e of the net and of the frames? The s t r a i g h t f o r w a r d app roach s t a r t s 
w i t h t he q u e s t i o n : What is an or ientat ion? What sort of cogni t ive s t r uc tu re does a user have 
w h e n he has an or ienta t ion? Given this, it is sensible to ask how such a th ing is bu i l t up and 
h o w it is used in w o r k i n g w i t h a net. Given this second s tep, the eva luat ive ques t ions can be 
a s k e d of w h e t h e r an o r ien ta t ion is useful or misleading, adequate or inadequate. P s y c h o l o g y 
is no t c u r r e n t l y in a good posi t ion to del iver the answers to such quest ions, bu t t he c u r r e n t 
poss ib i l i t i es can be indicated b r ie f l y . 

T h e r e is a re la t i ve ly new subf ie ld of psychology and geography d i r ec t l y c o n c e r n e d 
w i t h unde rs tand ing spat ia l images and or ientat ions. It seems exact ly wha t is n e e d e d . I t 
s t a r t e d w i t h Kevin Lynch's The Image of the City (1960) , which was unde r t aken f r o m a 
c o n c e r n w i t h u rban design rather than psychology, and a t tempted to cha rac te r i ze h o w 
p e o p l e v i e w e d the c i ty in which they l ived — what image they had of it and how t h e y 
o r i e n t e d themse lves w i th in it. The pr incip le techniques are get t ing people to ex te rna l i ze t h e i r 
men ta l maps of geograph ic area (cit ies, countr ies) by drawing maps and desc r ib ing t e r r a i n s 
and t o u r s (Downs and Stea, 1973). But the resul tant data (hand d rawn maps, etc.) leave us a 
l ong w a y f r o m a proposa l of what an or ientat ion is, especial ly in ZOG, wh ich is, in i ts o w n 
w a y , qu i t e abs t rac t . 

The most promis ing area is called prox imi ty analysis (Shepard, Romney and N e r l o v e , 
1 9 7 2 ) . This is a psychomet r ic technique for taking simi lar i ty (p rox im i ty ) measures among a 
c o l l e c t i o n of ob jec t s and const ruct ing a mult i-dimensional metr ic space wh ich r e p r o d u c e s t h e 
g i v e n da ta . This is now a wel l developed area (wi th a range of re la ted techn iques) and has 
b e e n used successfu l ly in ways that f i t the basic requi rements of our p rob lem. For e x a m p l e , 
t a k i n g as p rox im i t i es the confusions of te le type opera tors of morse code, it can show tha t 
t h e s e con fus ions can be descr ibed in a two dimensional space, one d imens ion b e i n g 
l e n g t h - l i k e and the o ther symmet ry - l i ke ; fu r ther , that this space d i f fe rs b e t w e e n nov ice and 
e x p e r t o p e r a t o r s . Indeed, most cur ren t hopes of becoming quant i ta t ive in the f i r s t - d e s c r i b e d 
a rea of geograph ic images and or ienta t ion rest on ut i l iz ing this techn ique. A conce i vab le 
a p p r o a c h to o r i en ta t i on in ZOGnets is to obtain judgments of p rox im i t y (how fa r is 
i n f o r m a t i o n X f r om Y, the cur ren t frame) and see how the resu l t ing space can be 
c h a r a c t e r i z e d . The technique requi res substantial data and ra ther stable o rgan iza t ions , bu t it 
m igh t w o r k . One pecu l ia r i t y is that the ob ject ive space (as rep resen ted by the net i t se l f ) , 
may not have a f in i te dimensional character , but branch ou tward in exponent ia l f ash ion . Th is 
migh t make p rox im i t y analysis, which forces low order dimensional i ty on the data , g e n u i n e l y 
d e c e p t i v e . Con t ra r iw i se , if humans insist on organizing any w o r l d in wh ich t h e y can ge t 
" o r i e n t e d " in to some low dimensional space, so as to make it famil iar, t hen th is might be a 
s u p e r b w a y of d iscover ing it. 

The no t ion of spat ial image seems inextr icably l inked to the not ion of o r i e n t a t i o n . In 
b o t h areas above the answer to "What is an or ientat ion?" wou ld be "A space w i t h such and 
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such p r o p e r t i e s " . This s imply pushes off the quest ion of how such a space is used in 
m a n e u v e r i n g t h r o u g h a net, but g iven an actual spatial rep resen ta t ion to w o r k w i t h , th i s 
l a t t e r p r o b l e m is su re l y approachable. Psychology has been deep ly concerned w i t h i m a g e r y 
g e n e r a l l y in the last decade (Pavio, 1 9 7 1 ; Sheehan, 1972). A n o t e w o r t h y f e a t u r e of t h i s 
w o r k is tha t it has not ye t been able to produce good concrete proposals fo r the n a t u r e of 
t h e image. One s t rand has avoided the issue, work ing exper imenta l ly to show tha t aspec ts 
t ha t p r e s u m a b l y co r re la te w i t h imagery (eg, concrete as opposed to abst rac t nouns) have 
s t r o n g and s tab le e f fec ts . A second strand has at tempted to demons t ra te i n t e r n a l 
r e p r e s e n t a t i o n s ( images) that are space- l ike, eg, have p roper t i es of c o n t i n u i t y and 
p r o p o r t i o n a l i t y to distances in an imagined space. But nothing has p roceeded f u r t h e r t h a n 
s i m p l y a f f i rm ing that the image is indeed general ly like externa l space. A t h i r d s t r a n d t akes 
t h e v i e w tha t images are symbol ic s t ruc tures (of the kind famil iar in ar t i f ic ia l i n te l l i gence) . 
Th is a p p r o a c h is concre te enough, but in ef fect enjoins abandoning spat ial aspects as c e n t r a l 
and c o n c e n t r a t i n g on the semantics involved d i rect ly . Its answer to the ques t ion "What is an 
o r i e n t a t i o n ? " is "A symbol ic s t ruc tu re " . But it does not yet add much in the w a y of de ta i l s . 

Let us a t tempt a l i t t le d i rect analysis of the ZOG si tuat ion to see wha t the n o t i o n of 
o r i e n t a t i o n shou ld do for us in explaining performance and what seems l ike natura l d e f i n i t i o n s 
w i t h i n t he r e s t r i c t e d f r amework of ZOG. 

We are concerned w i t h the fo l lowing phenomena: 

( D A nov ice user hesi tates for a re la t ive ly long time at var ious f rames, dec la r ing 
himself to be uncer ta in about what to do. 

(2 ) An e x p e r t user skips nimbly f rom frame to frame, even in new subnets . 

(3 ) A user dec lares himself lost and says he doesn't know what to do. 

(4 ) A user keeps re tu rn ing to some part icular frame as a homing place, e v e n 
t h o u g h th is means going th rough redundant sequences of f rames repea ted l y . 

(5 ) B e f o r e a user wi l l do anyth ing (in the sense of execut ing opera t ions) in a new 
subne t , he exp lo res the frames several t imes. 

(6 ) A user a lways t r ies all opt ions systematical ly f rom top to bo t tom, even t hough 
he has a speci f ic task to pe r fo rm and the opt ions seem c lear ly marked. 

We have used spat ia l language to indicate how an observer or the user himself might 
n a t u r a l l y desc r i be th is behavior . The behavior has def in i te consequences fo r p e r f o r m a n c e , 
s l o w i n g it d o w n , speed ing it up, producing e r ro rs , etc. As descr ibed, it ope ra tes as a b ias 
o v e r t he behav io r or perhaps as a part ia l component of a s t ra tegy , a f fec t ing many f r a m e s 
r a t h e r t han jus t a single one. 

Cons ider the not ion of feel ing "at home" in a place and its c o n t r a r y of f e e l i n g 
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" s t r a n g e " . S t range th ings can happen in strange places, things that one is not p r e p a r e d t o 
c o p e w i t h . Para lys is of act ion and heightened vigilance occurs in s t range places, g r o u n d e d in 
p a r t t o d e v o t i n g capac i ty to being p repared , in par t to the hypothes is that ac t ion p r o d u c e s 
( s t i r s up?) s t r ange responses and in par t to the hypothesis that movement ( to a n e w p lace ) 
w i l l y i e l d an e v e n s t ranger (more hostile?) place. Cont rar iw ise, at home t h e r e is a s ty ise o f 
c o n t r o l . W h a t e v e r needs to be done wi l l be seen and accomplished — even if it is not y e t 
f o r e s e e n in de ta i l . There is re laxat ion to at tend to the cur ren t task fu l l y . To be at home 
imp l ies tha t the t e r r i t o r y is famil iar, w i th expectat ions of what it contains in t he w a y of 
poss ib i l i t i es . Movement though the environment seems safe, leading to p laces w h i c h 
t h e m s e l v e s are fami l iar . 

A poss ib le w a y to t rea t this phenomena is to take it as a s t ra teg ic r e s p o n s e to 
s p e c i f i a b l e concerns , each of which add some processing to be done in deal ing w i t h t h e 
f r a m e . (1) If t h e r e is a concern that something strange may happen, then obse rv i ng b e h a v i o r s 
must occur w i t h a cer ta in f requency . (2) If a movement into a s t ranger place may resu l t f r o m 
a s e l e c t i o n , t h e n the poss ib i l i ty must be tested for each contemplated choice ( in add i t i on t o 
o t h e r cons idera t ions ) ; if the concern w i th strange results is s t rong enough % t h e n it may 
b e c o m e a p r i m a r y requ i rement on the choice, of opt ion. (3) If one is lost , t hen each f r a m e 
must be sea rched for clues that wou ld help to locate it. And so on . The s low d o w n in 
b e h a v i o r comes f r o m layers of these concerns. The speed-up f rom a sense of f a m i l i a r i t y 
comes f r o m e l iminat ing them f rom processing of a frame. 

These concerns may hold independent of the design of the ZOp sys tem. D e l i b e r a t e 
d e s i g n has deal t w i t h some aspects of this problem. ZOG is essent ia l ly a pass ive s y s t e m 
u n d e r comp le te con t ro l of the user. There fore , there need be no concern that s t r ange th i ngs 
s h o u l d sudden ly happen. L ikewise, a design pr inciple of "No sudden d e a t h " has been a d h e r e d 
t o r a t h e r s t r i c t l y : it is a lways possible to get back immediately to w h e r e one s t a r t e d ( t he 
back pad) ; no i r r eve rs i b l e act ion wi l l be taken wi thout in forming the user and g e t t i n g 
c o n f i r m a t i o n ; e tc . The re fo re some layers of concern should ext inguish qu ick ly upon g e n e r a l 
f a m i l i a r i t y w i t h ZOG. Tests are needed to see whether in fact they l inger ; if so , spec ia l 
s t ud ies may be requ i red to understand why they cannot be el iminated (or e l im ina ted m o r e 
r a p i d l y ) . 

Other concerns cannot be el iminated in such obvious ways . Much ZOG use ( ie , f o r 
k n o w l e d g e acquis i t ion) implies that frames are being en te red fo r the f i r s t t ime ; hence , in 
some o b j e c t i v e sense they are in fact strange. Whether fami l ia r i t y /s t rangeness conce rns a re 
e v o k e d is a sepa ra te issue. It may sti l l be possible to model the behavior of less e x p e r i e n c e d 
u s e r s b y means of a scheme of incremental concerns. 

A f e a t u r e of this approach is that it bypasses a d i rect r ep resen ta t i on of w h a t t h e 
c o g n i t i v e s t r u c t u r e of "an o r ien ta t ion " is, replacing it by a col lect ion of response sys tems f o r 
d e a l i n g w i t h the issues that der ive f rom lack of or ienta t ion and a set of env i ronmen ta l c lues 
abou t w h e n these systems wi l l be evoked. 
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GOALS, STRATEGIES AND ERRORS 

The to ta l number of frames v is i ted by a user to deal w i t h a g i ven doma in of 
K n o w l e d g e or act ion resul ts f r om the interact ion of th ree aspects: 

( 1 ) The encod ing of that domain into the ZOGnet. 

(2 ) The acquis i t ion or opera t ion s t ra tegy adopted by the user. 

(3 ) The so r t s of e r r o r s made by the user that have implicat ions fo r t o u r i n g 
t h r o u g h addi t ional f rames. 

It m igh t seem tha t (1) , the actual ne twork , would simply be an exogenous var iab le as fa r as a 
t h e o r y of human behav ior for ZOG is concerned. A theory should deal w i t h behav io r t h r o u g h 
an a r b i t r a r y n e t w o r k . However , a user's behavior arises f rom his goals plus his ana lys is of 
h o w to a t ta in these goals. This lat ter depends on the s t ruc tu re of the n e t w o r k as he 
p e r c e i v e s it . In d iscussing or ien ta t ion , we already noted some potent ia l examples w h e r e 
p r i n c i p l e s of un iversa l back -up may have large ef fects on the way users t rea t the n e t w o r k . 

ZOG p resen ts a pecul iar paral lel ism. From the user 's point of v i ew , ZOG is a task 
e n v i r o n m e n t . He br ings to it his own goals (eg, to learn something or to accompl ish some 
p r o c e s s i n g ) ; his p rob lem is to use ZOG to accomplish these goals, reading mater ia l and t a k i n g 
o p t i o n s as seems approp r ia te in the light of his running analysis. The user bu i lds up 
i n t e r n a l l y a h ierarch ica l s t ruc tu re of goals and subgoals for doing this, jus t as he does in any 
o t h e r task. He may plan ahead, t r y d i f fe rent a l ternat ive routes, etc. 

On the o the r hand, ZOG itself is analogous to a goal s t ruc tu re . Frames are goa ls ; t h e y 
e x p l i c i t l y s ta te p rob lems to be solved. Their opt ions link to subgoals, ie, to o the r g o a l - l i k e 
f r a m e s w h i c h s ta te subprob lems to be solved. Some are AND-l ike, w h e r e the o p t i o n s 
d e c o m p o s e the p rob lem into a tota l set of tasks, all of which have to be done (eg , all o f t he 
v a r i o u s aspects of a subject matter that have to be learned). Some are OR-l ike, w h e r e t h e 
o p t i o n s p r e s e n t a l te rna t i ve ways to solve the problem (eg, the d i f f e ren t commands in a 
p r o g r a m m i n g sys tem) . Thus, in general the ZOG t ree is analogous to the famil iar AND-OR goal 
t r e e s of p r o b l e m so lv ing programs. Some frames are opera to rs , ra ther than goals, g i v i ng t h e 
f i na l k n o w l e d g e that is the solut ion to the problem. Likewise, some select ions (usua l ly pads 
r a t h e r t han op t i ons ) are opera to rs that accomplish final actions. 

F rom this la t ter "goa l -ne t " point of v iew, the user is to be seen not as an 
i n d e p e n d e n t p rob lem so lver , but as an in te rp re te r who simply t r ave rses the f i x e d 
p r e - g e n e r a t e d &oal t r ee of ZOG, in response to the data (or lack of i t) wh ich is ava i lab le t o 
h im. C a r r i e d to the ex t reme, the re is no independent way that ZOG can be used. A user can 
c o n f o r m to ZOG or he can fail to conform. He'can br ing to it his own goals, e lec t ing to move 
w i t h i n t hose pa r t s of the net that match these goals. But he cannot use ZOG as a c a r p e n t e r 
uses a too l chest , or as a programmer uses a regular programming language. He can of 
c o u r s e use ZOG as a who le to accomplish tasks (eg, to program), but on ly b y do ing it ZOG's 
w a y . 
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This goa l -ne t v iew of ZOG is, of course, a part icular design ph i l osophy . O the r 
p h i l o s o p h i e s ex is t . One wou ld be to decompose knowledge domain in some logical manner , 
p r o v i d i n g the to ta l mater ia l in terminal frames, w i th nets of index f rames to p r o v i d e s e l e c t i v e 
access. A paradigmat ic example would be a taxonomic re fe rence of, say, b i rds . A n o t h e r 
w o u l d be to let users modi fy the net to f i t their own sty les (a technique w e are in fac t 
e x p l o r i n g ) . We wi l l examine only the goal-net v iew, as bef i ts a p re l im ina ry i n v e s t i g a t i o n . 
The g o a l - n e t v i ew seems a t t rac t ive , both in the amount of guidance it might g i ve t o ne t 
c o n s t r u c t i o n and the leverage it might give to understanding human per fo rmance . 

Encoding of the Domain 

Let us spel l out the design phi losophy in more detai l . What w e desc r ibe is n e i t h e r 
o p e r a t i o n a l nor w i t hou t d i f f icu l t ies, requi r ing expansion and debugging against actual cases , 
b u t it w i l l a l low discussion of user s t rategies. Assume the user is an expe r i enced ZOG use r , 
t h o u g h not necessar i l y famil iar w i th the part icular net to be designed. ( I n t r oduc ing ZOG 
poses add i t iona l problems.) Then, to construct a ZOGnet according to the goa l -ne t p h i l o s o p h y : 

(GN1) Determine a set of possible top goals that the user can solve w i t h the net . 
I den t i f y each of these w i th a specif ic frame. 

(GN2) Crea te an exp lana to ry index of frames that lets the user get f r om the t o p 
f rame of the net to these goals. The user must f ind out what goals the net 
so lves . 

(GN3) For each goal c reate one or more methods for at taining the goal . A me thod 
is a condi t ional sequence of actions (act ivi t ies that produce some resu l t s 
w i t h o u t f u r t h e r prob lem solving) and subgoals (which recurs i ve ly i nvo lve 
f u r t h e r methods and goals). Each method can be encoded in a n e t w o r k . 
Ac t ions are opt ions that lead to informat ion frames, or pads that command 
an ac t i on -p rog ram. Subgoals are frames. The con t ro l s t r u c t u r e 
(sequenc ing of actions and logic of goal select ion) is encoded in to 
sequences of f rames, w i th appropr ia te exp lanatory in termedia te f rames if 
necessary . 

(GN4) If t h e r e are a l ternat ive methods for a goal, create a cho ice-net that leads 
f r o m the goa l - f rame to the methods, explaining the fac tors on wh i ch the 
choice res ts . 

(GN5) Spec i fy the a l ternat ive states of re levant knowledge that the user can 
have . Prov ide a l ternat ive "shor t -c i rcu i t " paths in the net so that the user is 
not f o r c e d to obta in knowledge f rom the net that he a l ready has. 

(GN6) Spec i fy the ways the user might be confused about what to do, o r about 
the meaning or in tent of var ious terms and phrases. Prov ide a l t e rna t i ve 
" l o n g - c i r c u i t " paths at the point of use that prov ide explanat ions. 
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User Strategy 

From th is desc r ip t ion we can see that the rat ional s t ra tegy for the user is as f o l l o w s : 

( U l ) The us^ r approaches the ZOGnet in some part icular state of knowledge and 
w i t h some par t icu lar goal (we ignore the possibi l i ty of several goals). 

(U2) En te r i ng at the top f rame, the user explores the top-goa l index net unt i l he 
is able to iden t i f y wh ich (if any) of the goals of the net match his goal . 

(U3) The user s imply fo l lows the direct ions of the net. At each goal f rame he must 
se lect a method and for each method he must car ry out its p rov is ions . The re 
are va r ious nets at each point which tell which choice to make as a f unc t i on 
of the detai ls of the user 's goal and the data that the user has. 

(U4) If the method-opera t ions involve execut ing a program, then the user 
o b s e r v e s its resu l ts , perhaps recording them if the program i tself does not 
have such faci l i t ies. This adds knowledge for making fu r the r choices in the 
net or fo r the f inal solut ion. 

(U5) If the method-opera t ions const i tute presentat ion of knowledge, the user 
a t t emp ts to comprehend the knowledge and reta in it (as indicated). This 
adds knowledge for making fu r ther choices in the net or fo r the f ina l 
so lu t i on . 

A c c o r d i n g to th is model , the re is a single uni form s t ra tegy for user behav ior . The ac tua l 
c o u r s e of f rames (hence the total number of frames, which is what we wou ld l ike to p r e d i c t ) 
is g o v e r n e d e n t i r e l y by th ree th ings: the net, the goal of the user, and the k n o w l e d g e t h e 
use r has. Given a t heo ry for how the individual frame is processed, as d iscussed e a r l i e r , 
d e t a i l e d s imulat ions should be possible. Their accuracy wi l l be l imited by how g o o d th is 
d e t a i l e d t h e o r y is. Note that the user 's goal and knowledge must be g iven. Basical ly , t h e r e 
is no w a y out of th is. This in format ion produces qual i ta t ive ly d i f fe ren t choices t h r o u g h o u t 
t h e ne t , caus ing indef in i te ly large ef fects in the total behavior. (One can, of cou rse , a t t e m p t 
t o d e r i v e va r ious averages or bounds on behavior g iven var ious minimal assumpt ions abou t 
t h e use r ' s goals and knowledge; the abi l i ty to do this is beyond discussion here.) 

What scope is left for the user 's own goal d i rected behavior? There does not seem 
much f r e e d o m to use the net itself in ways other than its designed modes. This does not say 
t ha t t he user 's to ta l behavior is determined by the net. For instance consider a net f o r us ing 
a p r o g r a m , eg , a tex t ed i to r , such as LINED on the PDP10. The sys tem cons is t ing of t he 
L INED-NET plus LINED is st i l l a text edi tor , and the user manipulates this to ta l s y s t e m to 
accomp l i sh some ed i t ing goals that he has. LINED-NET + LINED does not de te rm ine w h a t 
e d i t i n g the user wan ts done. What is determined is the way to use LINED-NET to e v o k e t h e 
e d i t o r , g i v e n the user 's goals. This would also seem to hold for the acquis i t ion of k n o w l e d g e 
f r o m a ZOGnet, a s l ight ly less obvious proposi t ion. 
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One f r e e d o m st i l l lef t open is the use of var ious shor t -c i rcu i t s and l ong -c i r cu i t s (GN4 
and GN5 above) . On the assumption that the user is completely cer ta in wha t he k n o w s and 
d o e s n ' t know , the choice in any instance should be clear cut. However , c l a r i t y may not be 
p o s s i b l e , so that the user must make a judgment. If so, the decision s i tuat ion is qu i te p r e c i s e : 
t h e user w ishes to pred ic t his actual state of knowledge. If he guesses w r o n g he w i l l have 
w a s t e d t ime e i t he r expos ing himself to knowledge a second t ime or going d o w n a w r o n g p a t h . 
A n add i t iona l a l te rna t i ve is taking too long to search his own mind to see w h e t h e r o r no t he 
has t he know ledge — he might just as wel l have taken the long-c i rcu i t again. His ab i l i t y t o 
s o l v e th is dec is ion p rob lem wi l l affect the total number of frames and hence the to ta l t ime . 

Error 

Given th is v i ew , the important quest ions, re lat ive to determin ing the to ta l se t o f 
f r a m e s , address what can go wrong . The picture above, and any p red ic t i on based on i t , 
assumes e r r o r f r e e per formance. Addit ional psychological features of the user e n t e r in 
t h r o u g h e r r o r s of var ious kinds. These e r ro rs are not pure ly a fea tu re of the L*ser — 
d e c r e m e n t s to be assigned to his psychology, so to speak. They may be induced b y t h e ne t , 
e i t h e r f r o m a fa i lu re to ca r ry out the goal-net design phi losophy or f r om the p h i l o s o p h y 
i t se l f be ing i nhe ren t l y mismatched to human capabil i t ies. 

We have a l ready had reason to discuss two specif ic sources of e r r o r s , t h o s e 
s t e m m i n g f r o m o r ien ta t i on problems (in the pr ior sect ion) and those s temming f r o m 
u n c e r t a i n t y o v e r the need for explanat ion (just above). We need to cha rac te r i ze m o r e 
g e n e r a l l y the sources of e r r o r s and their consequences. Consider f i rs t the va r ie t i es of use r 
e r r o r , t ak ing the net as g iven. There seem to be six fundamental t ypes of e r r o r s , hav ing t o 
do w i t h : se lec t ion , acquis i t ion of f inal knowledge, re t r ieva l of cont ro l know ledge , m e m o r y 
l oad , u n c e r t a i n t y , and the i n te rp re te r role. 

The user can make a misjudgment in some select ion (opt ion or pad). The s o u r c e of 
t h i s may v a r y f r o m knowing what to select but accidentally touching the w r o n g o p t i o n o r p a d 
t o be ing mis taken about the meaning of the select ion to misjudging his o w n s ta te of 
k n o w l e d g e (as d iscussed above). In all cases, the ef fect is to go d o w n a w r o n g pa th un t i l it 
is so r ecogn i zed , then recover and proceed down the cor rec t path. In accordance w i t h 
s imi lar tasks one can expect the bulk of these e r r o r - r e c o g n i z e - r e c o v e r T r e s u m e sequences t o 
be s imp le undo 's , leaving a shor t loop- l ike path that took time but w i t h no o the r e f f e c t . A 
f e w w i l l have some side e f fec ts , so that the recovery path wi l l lead to a d i f f e ren t f r ame t h a n 
t h e e r r o r - i n i t i a t i o n f rame or so that the user has acquired some new usefu l (or h a r m f u l ) 
k n o w l e d g e . A v e r y few wi l l conver t into serious e r ro rs , in which the user gets c o n f u s e d o r 
los t o r , in gene ra l , loses his o r ien ta t ion ; these may take a v e r y long t ime fo r r e c o v e r y . 

The user can fail to acquire some final knowledge p rov ided by a f rame, ie, k n o w l e d g e 
t ha t cons t i t u t es par t of the solut ion to the user's goal but that is not used w i t h i n the ZOGnet. 
Such an e r r o r may t rans la te d i rec t ly into an e r ro r in the f inal goal. The goa l -ne t des i gn 
s u p p o s e d l y tes ts fo r cor rec t acquisit ion. However, there are a pandora 's box of d i f f i cu l t i es 
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in d o i n g so. and it may not even be possible in pr inc ip le. If ZOG is used to r u n a p r o g r a m , 
t h e r e is no w a y that ZOG can know what const i tutes the cor rec t p rog ram accord ing t o t h e 
u s e r ' s i n ten t i ons . Even if ZOG is used only to acquire " p u r e " knowledge, many issues ex is t 
a b o u t w h e n and how to test . If the user himself detects the missing know ledge , t h e n t h e 
r e s u l t o f t he e r r o r is an added loop to acquire the knowledge f rom the po in t of e r r o r 
d e t e c t i o n . 

The user can fai l to acquire knowledge used for f u r t he r choices, ie , c o n t r o l 
k n o w l e d g e . Unl ike f inal knowledge, contro l knowledge has some bui l t in e r r o r d e t e c t i o n 
c a p a b i l i t y , s ince the user wi l l f ind himself w i thout the knowledge at some po in t . A c t u a l l y , 
w h a t coun ts is not acquis i t ion but re t r ieva l at the cr i t ical point . In any even t , t he user must 
e n g a g e in ano ther ex t ra exp lo ra t ion to reacquire the knowledge. Without be t t e r k n o w l e d g e of 
t h e des ign one cannot say whe ther all such loops wil l be nearby (as GN6 suggests) . 

The re may be expl ic i t short term memory requi rements when using o the r s y s t e m s 
t h r o u g h ZOG. ZOG may only be of l imited help, e i ther because of memory l imi ta t ions in ZOG 
i t se l f (as o p p o s e d to the p rogram being executed) or because giv ing the know ledge to ZOG 
( w h i c h d id not genera te i t ) is too much bother. The user can fai l to remember such 
i n f o r m a t i o n , if he becomes over loaded. In ei ther case, the normal consequences is 
r e - e x e c u t i o n of the p rogram involv ing ret ransversal of the net. 

The user may be uncer ta in of what to do and rather than get addi t ional k n o w l e d g e , 
may s imp ly focus on the g iven frame. Some of the ef fects of d isor ien ta t ion wou ld show up in 
t h i s w a y . The resu l t is an expansion of time at a f rame, ra ther than ex t ra f rames be ing 
t r a v e r s e d . 

F inal ly the user may not use ZOG as the goal -v iew intends. He may re j ec t o r no t 
u n d e r s t a n d the ro le of p rob lem-so lv ing in te rp re te r assumed by the goa l -ne t v i ew and t a k e n 
as t he basis of per fo rmance analysis. Conceivably he may f ind another w a y of us ing ZOG 
tha t w o r k s . Some of this is also covered in the not ion of d isor ienta t ion. But t h e r e may be a 
n u m b e r of small w a y s in wh ich the user simply deviates f rom adopt ing the i n t e r p r e t e r r o l e . 
It is d i f f i cu l t to descr ibe the consequences wi thout having a sample of such behav io r as a 
g u i d e . 

The p u r p o s e of go ing th rough all these types of e r r o r s is to o b s e r v e tha t most of 
t h e m ( t h o u g h not all) tend to have their consequences descr ibable as addi t ional e x p l o r a t i o n s 
o f t h e net , taken under some def in i te init ial condit ions. Thus they t rans la te in to add i t iona l 
n u m b e r s of f rames ( ie, addit ional t ime), as we observed ear l ier . 

The user is not the only one who makes er ro rs . So do the net bu i lders . That is, t h e y 
d e v i a t e f r o m the design cal led for under the goal-net speci f icat ions. We can ignored g r o s s 
e r r o r s tha t make the net incapable of solving the stated goals and the l ike. But t h e r e w i l l 
s t i l l be e r r o r s that make using the net more di f f icul t . These may be classi f ied as e r r o r s tha t 
( 1 ) fa i l to p r o v i d e app rop r i a te explanat ions; (2) fail to prov ide appropr ia te s h o r t - c i r c u i t s ; and 
( 3 ) p r o v i d e mis leading text e i ther as explanations or as opt ions. Wi thout go ing t h r o u g h t h e 
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e n u m e r a t i o n , these e i ther resul t in additional paths to be t raced or o f f e r add i t iona l 
o p p o r t u n i t i e s fo r the user to make e r ro rs . 

We have d is t inguished fai lures of the actual net to adhere to the goa l - ne t des i gn 
p h i l o s o p h y f r o m fa i lu res of the user to be a per fec t goal -net i n t e rp re te r . The re a re also 
i n h e r e n t l imits of the goa l -net design. However, they do not show up d i r ec t l y as a t h i r d 
s o u r c e . Rather t h e y are revea led by an inabi l i ty to decrease e r r o r s of the f i r s t t w o k inds t o 
a neg l i g i b le e f fec t or by fa i lures of a "per fec t ly funct ion ing" tota l sys tem (net p lus u s e r ) t o 
c o m p e t e w i t h a l te rna t i ve schemes (other ZOGnet design phi losophies or o the r commun ica t ion 
t echno log ies ) . 



2 5 

CONCLUSION 

ZOG seems to be ex t remely wel l placed to permit an approach to ana lyz ing i ts 
p e r f o r m a n c e as a to ta l man-machine system. Our interest in doing such an analysis goes w e l l 
b e y o n d our des i re to answer the specif ic questions enumerated at the beg inn ing . A s w e 
o b s e r v e d , the quan t i ta t i ve analysis of total man-machine systems is ha rd ly y e t a w e l l 
d e v e l o p e d ar t . We might hope to cont r ibute to that. The f rac t ionat ion that ZOG p e r m i t s , 
c o u p l e d w i t h i ts rap id response, may permit some basic chronometr ic analyses tha t w o u l d 
a lso c o n t r i b u t e to fundamental cogni t ive psychology. How humans acquire k n o w l e d g e , h o w 
t h e y make decis ions in the serv ice of acquisit ion, even the basic nature of o r r p n t a t i o n , all 
s e e m app roachab le . 

The components we have considered — the time per f rame, the o r i en ta t i on of t he 
u s e r , and the user 's s t ra teg ies — appear on analysis to be su f f i c ien t l y cen t ra l and 
s u f f i c i e n t l y we l l s t r u c t u r e d that an immediate approach can be made to t h e m , b o t h 
t h e o r e t i c a l l y and exper imenta l l y . 
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