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A B S T R A C T  
Video data  for thir ty-four cases of advice seeking, 
giving and following behavior at a graphical 
computer interface were analyzed in detail. The 
evidence indicated that  clients followed prescriptive 
advice effectively and efficiently in slightly more 
than half the cases. For  other cases, clients 
performed twice as many actions as needed in three 
times as much time and never reached prescribed 
states. A hypothesis that  observed advice following 
difficulties were correlated with advice abstractness 
was not supported. Rather,  it seems advice did not 
match well with clients' knowledge of the system in 
particular isolated details. 

1. K E Y W O R D S  

advising, collaboration, hidden operator.  

2. I N T R O D U C T I O N  

The presupposition that  clients follow advice 
underpins belief in the utility of advice. The issue 
deserves investigation, because it might indeed be 
false. Mack, Lewis & Carroll (1983) [8] cited 
evidence that  word processor users have difficulty 
following action prescriptions. Numerous studies 
have pointed out the difficulties of textual 
instruction following [3] [4] [5] [7]. At issue here is 
the question of advice effectiveness. Efficient 
following of good advice means effective advice; 
inefficient following of good advice renders advice 
ineffective. 

During an earlier s tudy [6] we observed that  advice 
seekers did not always follow what otherwise 
appeared to be high-quality advice. We determined 
to look carefully at video records from this earlier 
study to estimate quantitatively how large a problem 
this was and to seek insight as to why it occurred. 
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3. M E T H O D  

Exist ing data  

Data available from the earlier study included video 
records of clients' work as they performed statistical 
tasks of their own creation in a role-play (as a 
Consumer Reports magazine data  analyst). With at 
least a year of college-level statistics (so we might 
assume they had adequate statistics knowledge) and 
touch-typing skills, clients were individually tutored 
on the use of Visual Statistics, a direct 
manipulation interface and, in particular, how to 
seek and receive advice via its help key. Visual 
Statistics help-system worked as follows. After a 
press of the help key, clients could type English 
questions and send them to a hidden-operator 
advisory-system. After a few tens of seconds, 
English responses would appear on the clients' 
screens. Clients did not know advice was generated 
by a human expert behind the scene. Policies of 
limited initiative (i.e. only the client could initiate 
advisory exchanges) and licensed continuance (i.e. 
the advisor could continue exchanges with questions, 
requests and offers on a client-introduced topic) were 
enforced. These policies were deliberately chosen for 
the initial study to limit advisory phenomena to a 
simple case. Videotape records of the sessions were 
supplemented with mouse-move by mouse-move, 
mouse-click by mouse-click activity-script 
representations of client work and think-aloud 
protocols of advisor's advice justifications. 

In order to maintain an ecologically plausible setting 
in the original study, we did not interrupt  clients 
with think-aloud expectations or questions during 
the session. As a result, we lacked protocol evidence 
that  would have permitted inferences with respect to 
the impact of individual pieces of descriptive advice 
(i.e., descriptions of the interface itself, rather than 
prescriptions of what to do at the interface) on 
clients' comprehension of the system. However, in 
the case of prescriptive advice, the video records and 
activity-scripts of clients' post-advice actions were 
available to characterize the relationships between 
action prescriptions offered by the advisor and what 
clients did with these prescriptions in terms of 
behavior at the interface. Requests for prescriptive 
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F i g u r e  3-1: Diagram of Data Derivation 

advice constituted 87% of observed requests, so we 
were able to measure advice effectiveness in a 
majority of advisory exchanges we observed. 

N e w  data  f r o m  old  

In order to clarify and quantify prescriptive advice- 
following behaviors, video and activity-scripts were 
used as follows to create new data. Consulting video 
tape as necessary, analysts performed four data- 
augmentation tasks for each prescriptive instance of 
advice. These were (1) sketch two interface screen- 
states, (2) deconstruct given advice into individual 
action prescriptions, (3) mark clients' subsequent 
actions sequentially, and (4) note times. 

First, two sketches were produced from the video 
tape and activity scripts to capture screen-states in 
two crucial configurations: (1) the ideM screen -- 
what  the screen would look like if advice were 
followed perfectly; and (2) what the screen looked 
like when the client's behavior brought the screen to 
approximate most closely the ideal screen prescribed 
in advice. Second, to deconstruct advice into 
individual action prescriptions, each grammatical 
clause in the advice tha t  prescribed some action was 
underlined and isolated. For each such clausal 
action description, the sequence of event-level 
actions 1 necessary to perform the prescribed action 
was determined. This ideal sequence of event-level 

1A predetermined level for all interface actions existed to 
express possible action sequences at the interface. 

actions formed the basis for comparison with event- 
level actions actually performed by clients. Third, 
all the clients' actual event-level actions (those that  
occurred between the time the advice was received 
and the time that  the client's screen most closely 
approximated the ideal screen-state implicitly 
prescribed in the advice) were collected for analysis. 
These collected client actions were compared with 
ideal actions as prescribed in advice and marked as 
either corresponding or not corresponding to 
prescribed actions. Four th  and last, times of closest 
approach to the ideal screen were noted. Figure 3-1 
illustrates this derivation of new data from old. 

These new data  informed judgments of presence 
(i.e., were prescribed actions missing?), sequence (i.e., 
were prescribed actions completed in prescribed 
order?), insertion of  extraneous action8 (i.e., were 
unprescribed actions performed?), faulty 
trandation8 o f  action description8 (i.e., were 
prescribed actions performed incorrectly?), timing 
(i.e., how long did advice-following behaviors take?), 
achievement (i.e., what  relation did clients' screen- 
states bear to ideal implicitly prescribed screen 
states?). Armed with these data  concerning the 
relationship between prescribed actions and 
performed actions we could begin to characterize the 
advice-following difficulties we had previously 
observed in a less formal way. 

C a t e g o r i z a t i o n  of a d v i c e - f o l l o w i n g  
b e h a v i o r  s e q u e n c e s  

Presence, sequence, extraneous action insertion, 
faulty action translation, timing and achievement 
judgments enabled categorization of advice-following 
behavior sequences as effective efficient following, 
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T a b l e  3 - 1 :  S u m m a r y  of  A d v i c e  Fo l lowing  

Client Session 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 2 3 

Total Advisory Episodes 
Total Prescriptive Episodes 

Exact Following 
Exact except for Screen Rearrangement 
Exact except for Slip 

Effective, Efficient Following 

Effective, Inefficient Following 

Inefficient, Ineffective Following 

13 20 6 
12 16 6 

4 6 2 
3 
1 

8 6 2 

2 1 

2 9 4 

effective inefficient fol lowing,  or  inefficient 
ineffective fol lowing.  How was  this  three- fo ld  
ca t egor i za t ion  opera t iona l i zed?  Two rules  were used. 

F i r s t ,  the re  was  a rule  to  decide whe the r  or  no t  
c l ient  ac t ions  were effective or  ineffective. If an 
advice- fo l lowing  sequence achieved the  p resc r ibed  
s ta te ,  i t  was ca tegor ized  as effective advice-fol lowing;  
o therwise  i t  was  classif ied as ineffect ive following.  
Second,  there  was a rule  to  decide whe the r  or  not  
c l ient  ac t ions  were efficient or  inefficient. If an 
advice- fo l lowing sequence con ta ined  all  p rescr ibed  
ac t ions  in o rde r  w i t h o u t  ex t r aneous  ac t ion  inser t ion  
or  f au l ty  vers ions  of act ions ,  i t  was ca tegor ized  as 
efficient fol lowing;  o therwise  i t  was classif ied as 
ineff ic ient  fol lowing.  Excep t ions  to this  rule  were 
made  for th ree  ins tances  of mov ing  icons on the 
screen to form neater ,  more  we l l - p ropo r t i one d  

conf igura t ions  and for one slip.  2 The re  were 
diff icul t ies  wi th  the  sequence of  act ions .  

4. RESULTS 

Tab le  3-1 s u m m a r i z e s  the  frequencies  of  advice-  
fol lowing ca tegor iza t ions .  Selected cl ients  
p a r t i c i p a t e d  in a t o t a l  of  39 adv i so ry  episodes;  34 of  
these (87%) were  p resc r ip t ive  in na tu re .  F o r  effective 
fo l lowing cases, the  advice  con ta ined  an average  of  
1.5 p resc r ibed  ac t ion  desc r ip t ion  phrases  t h a t  
t r a n s l a t e d  to  an ave rage  of  5.9 event- level  act ions .  
Cl ien ts  t ook  an ave rage  of  85 seconds  to  follow 
advice  in these  cases. E x t r a n e o u s  ac t ions  i n t roduc e d  

in effective,  ineff ic ient  cases were inconsequent ia l  

and  took  an average  of  five seconds each. 3 

F o r  ineffect ive,  ineff ic ient  fol lowing cases, the  advice  
con ta ined  an average  of  2.5 p rescr ibed  ac t ion  
descr ip t ions ,  which  t r a n s l a t e d  to an  average  of  6.9 
in ter face  event- level  act ions .  Using an average  of  
13.9 act ions ,  c l ients  t ook  an average  of 264 seconds 
to  reach  the i r  closest  a p p r o x i m a t i o n  of  ideal  screen- 
s t a t e .  Idea l  screen s t a t e s  con ta ined  an average  of  
11.5 ob jec t s  ( icons and  l inks) .  On the  average ,  for 
ineffect ive,  ineff ic ient  cases, c l ients '  closest  
a p p r o x i m a t i o n s  l acked  1.3 necessary  screen ob jec t s  
and  con ta ined  2.1 ex t r aneous  screen objects .  

As  expected ,  t h r o u g h  p rac t i ce  and  advice,  c l ient  
advice- fo l lowing  pe r fo rmance  i m p r o v e d  dur ing  the  
sessions, a l t hough  this  was  no t  the  cent ra l  issue in 
th is  s tudy .  F i g u r e  3-2 i l lus t r a t e s  t h a t  p roduc t i on  of 
ex t r aneous  ac t ions  was obse rved  to  decrease  as a 
func t ion  of  t ime  ( r = - . 3 0 ) .  Acco rd ing  to th is  
obse rved  cor re la t ion ,  a t  the  session s t a r t ,  55% of 
adv ice- fo l lowing  ac t ions  could  be expected to be 
ineff icient .  A n  hour  and  a ha l f  l a te r ,  a t  the  end of  
the  session, th is  ave rage  expected  p r o p o r t i o n  fell to  
18%. 

The  evidence ind ica tes  t h a t  c l ients  fol lowed 
p resc r ip t ive  advice  effect ively and  eff ic ient ly  in 
s l igh t ly  more  t han  ha l f  the  cases. F o r  o the r  cases, 
c l ients  pe r fo rmed  twice  as m a n y  ac t ions  as needed in 
th ree  t imes  as much  t ime  w i t h o u t  ever  reach ing  
p resc r ibed  s ta tes .  W h a t  wen t  wrong  in these cases? 

2It did not seem appropriate to classify tidiness actions as 
extraneous. The one slip occurred when a client opened a menu, 
quickly moved the mouse cursor to the bottom item on the menu 
and then slipped off the menu edge automatically closing the 
menu. The client immediately opened the menu again, moved the 
mouse cursor to the last item, slowly this time, and selected it. 

3Once, a client opened a wrong menu and then closed it (this 
was not a slip). Once a client swept a half completed link around 
the screen. Once a client highlighted an icon marginally 
associated with the next prescribed step. 
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Perhaps the advisor was a poor advisor. The answer 
to this objection is "no". The advisor was an expert 
and master teacher. However, by no means does 
domain expertise and master teaching ability imply 
perfection, so perhaps the advisor advised poorly on 
some occasions. Perhaps the interaction possibilities, 
enabled by typed English exchanges with limited 
initiative and restricted continuances, were not rich 
enough to mediate assistance effectively. This seems 
probable since typed exchanges are less facile than 
spoken conversations. 

One might hypothesize that difficulties were due to 
abstractness of advice, as measured by the ratio of 
the number of action prescriptions in the advice to 
the number of interface event-level actions into 
which they translated. The evidence does not 
support this view. Considering all cases of advice- 
following, there is a slight negative correlation 
(r----~-0.16) between abstractness in advice and 
proportion of clients' actions that were extraneous 
with respect to the prescriptions (see Figure 3-3). 

F a i l e d  p r e r e q u i s i t e - p r e s u p p o s i t i o n s  

Detailed analyses of advice-following, action by 
action, in relation to individual action prescriptions 
in the relevant advice revealed a pattern of failed 
prerequisite-presupposition8 during advice 
generation. Records of the advisor's think-aloud 
advice justification stories confirmed these failures. 
Prescriptive advice failed when it violated Bloom's 
masterff learning thesis regarding the importance of 
prerequisites [1]. The advisor presumed the client 
knew something that the client did not actually 
know. In these failure cases, a client's lack of one or 
two small but critical details hindered his or her 
advice-following. Table 3-2 exhibits the failed 
prerequisite-presuppositions made by the advisor for 
all episodes that resulted in ineffective, inefficient 
following. Note that for Client 2 Episodes 3,4 the 

advisor continued to produce advice in accordance 
with the failed presupposition that the client knew 
that ports can have only one link. For Client 2 
Episodes 5,6,7, the advisor continued in the failed 
presupposition that the client knew what was meant 
by "data column name". For Client 3 Episodes 2 
and 4, the advisor continued in the failed 
presupposition that the client knew that to link to 
an icon, it must have been created previously. These 
observations suggest that an expert human advisor 
does not marshal all relevant available behavioral 
evidence to reformulate failed prerequisite- 
presuppositions while performing the time-critical 
task of advice production. 

5. D I S C U S S I O N :  I M P L I C A T I O N S  F O R  
S Y S T E M  C O N S T R U C T I O N  

For advisory-system construction, three significant 
implications stem from poor advice-following 
behaviors and advice givers' failed prerequisite- 
presuppositions. First, if, as the results of this study 
suggest, roughly half of the requests for plan-type 
information end in deficient following behavior, the 
issue of licensed interaction style is a major one for 
system architecture. Second, mechanizations of 
advice generation suffer from greater but different 
limitations than human cognition. So, where a 
human advisor failed to take into account mounting 
client behavioral evidence, a machine programmed 
to do so would not fail (although its evidential 
reasoning might be very weak in other ways). This 
points out one small niche where mechanically 
produced advice might have a more consistently 
salient quality than advice produced within the 
cognitive limits of human expertise and memory 
load. Third, and most importantly, one can never 
be sure ahead of time that the presuppositions which 
ground advice are correct. They might always be 
wrong. Any advisory-system built with aspirations 
of actually helping more than half the time must be 
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Table  3-2: Advisor's Failed Prerequisite-Presuppositions 
Ineffective, Inefficient Advice-Following Episodes 

• Client 1, Episode 1: The advisor presumed the client had the knowledge necessary to follow the scratchpad method of dataset  copying. 

• Client 1, Episode 11: The  advisor presumed the client would perceive as critical a space character  in an expression. 

• Client 2, Episode 3: The advisor presumed tha t  the client knew icon ports can have only one link at tached.  

• Client 2, Episode 4: Again the adviser presumed the client knew tha t  an icon port can have only one link at tached.  

• Client 2, Episodes 5,6,7: The advisor presumed the client knew what  a da ta  column name was. 

• Client 2, Episode 11: The advisor presumed the client knew what  an "appropriate datase t  N was. 

• Client 2, Episode 13: The advisor presumed the client knew what  ports on the select columns icons should be linked to the constant,  "price n 

the "appropriate d a t a s e t ' .  

• Client 2, 

observed 

• Client 2, 

• Client 3, 

• Client 3, 

• Client 3, 

• Client 3, 

Episode 14: The advisor continued to presume tha t  the client knew tha t  a port can have only one link (by this time, the advisor ha, 

two instances indicating the client didn' t  know this). 

Episode 19: The advisor presumed the client knew tha t  one mus t  first create a procedure before linking to it. 

Episode 1: The advisor presumed the client knew what a da ta  column name was. 

Episode 2: The advisor presumed the client knew that  one mus t  first create a procedure before linking to it. 

Episode 4: Again, the advisor presumed the client knew tha t  one mus t  first create a procedure before linking to it. 

Episode 5: The advisor presumed the client properly perceived relevant aspects of a given cons tant  expression. 

constructed in a way to take this fact seriously. 4 
Either the domain of advice must be engineered so 
that  the system's rationale can be based on 
immutably correct presuppositions, or there should 
be some kind of continuance from the recognition of 

a failed prerequisite-presupposition. 5 The first option 
limits tractable domains to toy problems, so we are 
left with the second option. 

It comes as no surprise to find that  an advisor makes 
faulty presuppositions. How is it that  face to face 
advisory exchanges deal with failed prerequisite- 
presuppositions in ways that  our experiment 
forbade? Face to face advice overcomes such 
cognitive limitations through conversational repair 

4This claim is consistent with Brown and Newman (1985) [2] 

advocacy for "design for the managemen t  of t rouble ' .  

5This recognition work might  be performed either by the client 

or the machine. In the client case, interaction techniques mus t  be 
made available for the client to express the recognition of a faulty 
presupposition. In the machine ease, the logic tha t  produces the 
communicat ion also spawns Ndeteetive" processes to watch for the 
failure of presuppositions tha t  ground the produced 
communicat ion.  

[10], the iterative process of presupposition 
refinement. Realistic man/machine  interactions for 
iterative presupposition refinement are at the 
frontier of human computer interaction research. A 
more feasible and immediate approach leaves the 
recognition of unsatisfactory advice (due to one or 
more failed prerequisite presuppositions) to clients 
by providing them with meaningful, easily accessible 
continuances from the current advice, such as 
elaborations of action descriptions, definitions of 
terms in advice, deictic references for terms, 
demonstrations, and examples. Such continuances 
would be first class pieces of advice themselves with 
their own continuances. The Intelligent User's 
Assistance Group at MCC's Human Interface 
Laboratory has constructed an advisory-system that  
incorporates both these approaches [9]. Empirical 
evaluations are underway. 6 

6jean  MeKendree of MCC has begun an empirical s tudy of the 
efficacy of two versions of this advisor system,  one of which 
incorporated in part  this continuance approach. Loren Terveen of 
the University of Texas and MCC is investigating feasible man- 
machine conversational pat terns  to cope with failed 
presuppositions in general. 
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