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ABSTRACT: The error-prone task of programming a VCR is representative of a growing 
number of end-user programmable devices. To help understand this task a display-based 
model of VCR programming was developed and implemented as a computational cognitive 
model. The model accurately predicts the vast majority of correct and error recovery 
keypresses collected from 9 subjects during 56 successfully programmed shows. The model 
supports two taxonomies for classifying errors; one at the keypress level, the other at the 
goal and subgoal level. The taxonomies have descriptive utility and are being used to 
understand the non-random nature, discovery, and recovery of errors in programmable 
devices. 

INTRODUCTION 

Errors in VCR programming are a cliche of modem 
technology. While such end-user programmable 
devices are increasingly common, the problems they 
pose present an opportunity to understand errors, error 
detection, and error recovery in a domain 
(programmable devices) where such findings could 
have an immediate and widespread application. 

There are many ways of defining "error" and certainly 
the simplest is in terms of outcome: if the VCR 
does not record the correct program, then an error was 
made. However, although VCR programming is 
relatively simple, programming even one show can 
entail approximately 30 separate keypresses and the 
setting and completing of 17 goals and subgoals. A 
finer grain of analysis would examine each of the 30 
or so keypresses and the setting and completing (or 
pushing and popping) of each of the 17 goals to 
determine where in the process of VCR programming 
errors can occur, when they are spotted, and how error 
recovery proceeds. 

The next section introduces VCR programming as a 
rule-based task and compares the structure of the task 
per se with the structure derived from implementing 
the task on the particular VCR used in this study. 
We then briefly discuss the ACT-R model and the 
HyperCard™ device simulation that was used. The 
Methods section introduces the empirical part of the 
study. The Results section provides a brief overview 
of the empirical trials while focusing on two 
taxonomies that illuminate the nature, discovery, and 

recovery of errors. The paper ends with a discussion 
of the current results and a view of where this work is 
heading. 

2 RULE-BASED COGNITIVE MODELS OF 
VCR PROGRAMMING 

Following Rasmussen's classification of behavior 
into skill-based, rule-based, and knowledge-based 
categories (Reason, 1990; Sanderson & Harwood, 
1988), programming the VCR is a quintessential 
rule-based system. The task is to program a show for 
later viewing by following a fairly limited set of rules 
which transform task-goals into "programming" 
actions. 

We hypothesize that the user brings to the VCR a 
simple, task-based goal structure (see Table 1). The 
user who wishes to record a show knows that it is 
broadcast on a given day-of-week (DOW), from a 
given start time, to a given end time, on a given 
channel. 

Table 1. Example task-based goal structure for 
pro! rammin!l the VCR 

GOAL: RECORD StarTrek 
GOAL: SET-DOW 

TUE 
GOAL: SET-STARTI'IME 

7:00pm 
GOAL: SET-CHANNEL 

11 
GOAL: SET-ENDTIME 

11:00pm 

2 
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However, having a clear idea of what needs to be 
programmed is not enough. Additionally, the user 
must have a clear idea of how to program the show 
on their particular VCR. Table 2 shows a simplified 
version of the goal structure for the VCR used in this 
study. Note that the difficult part of the VCR 
interface is not pushing the buttons or even in 
knowing what buttons to push. The difficulty lies in 
learning the goal/subgoal structure shown in Table 2 
and in understanding how it maps onto the task-goal 
structure shown in Table 1. 

Table 2. Simplified version of goal structure 
adopted by the model reflecting both the structure 
of task and the constraints irnQ_osed b_y_ the device. 

GOAL: RECORD StarTrek 
GOAL: PROGRAM StarTrek 

GOAL: STARTMODE 
GOAL: SET-MODE 

START 
GOAL: SET-DOW 

TUE 
GOAL: SET-STARffiME 

7:00pm 
GOAL: SET-CHANNEL 

11 
GOAL: ENDMODE 

GOAL: SET-MODE 
END 

GOAL: SET-ENDTIME 
8:00pm 

GOAL: SET-VCR 
GOAL: SET-MODE 

cs 
GOAL: SET-PROGREC 

ON 

3 ACT·R MODEL OF VCR 

We have built several computational cognitive 
models of VCR programming. The models are 
implemented in ACT-R (Anderson, 1993), and use 
AppleEvents™ to communicate with a VCR 
simulated in HyperCard. The differences between the 
various cognitive models are the basis of a longer 
paper and will not be discussed here. The goal 
structure of the model discussed in this paper is 
shown in Table 2. This model is predominately 
display-based (Payne, 1991) or data-driven. The 
display-based nature affects both how the model 
programs the VCR and how it recovers (or does not) 
from simple errors. For example, if the current DOW 
is Saturday (same as the target DOW) then when the 
model programs StarTrek it will set the start time, 
end time, and channel but will neither set nor execute 
the goal of programming the DOW. Likewise, if the 
current time is 5:00PM then rather than set the goal 
of pushing the hour button twice (to get to 7:00 
PM), the model sets the goal to change HOUR and 

continues pressing the hour button until the VCR' s 
hour display reads "7." 

3.1 A Short Example 

If the DOW were not Saturday but Thursday, the four 
rules in Table 3 would "fire." 

Table 3. Four rules for changing the DOW setting to 
two d~s from now. 

PUSH-DOW 
MO*SET-DOW 
MO*SET-DOW 
POP-VERIFY-DOW 

set goal DOW 
press DOW button 
press DOW button 
verify that DOW is set 

Three types of operators, cognitive, perceptual, and 
motor, are involved in the three types of productions 
PUSH, MOTOR, and POP. Productions can be 
considered as condition --> action pairs. If the 
condition is ·met then the action takes place. The 
action of the PUSH- DOW production is cognitive and 
places this goal in control of behavior. The condition 
side of PUSH-DOW involves perceptual, as well as, 
cognitive operators. If the DOW displayed on the 
VCR device simulation is not the DOW of the to-be
recorded program, and if the current goal is 

STARTMODE (see Table 2) then this rule may 1 fire. 
The action of the MO* SET- DOW productions is to 
send a simulated motor response as an AppleEvent to 
the DOW button on the HyperCard device simulation 
(see Figure 1). However, like PUSH-DOW, the 
condition side of MO* SET-DOW contains both 
cognitive and perceptual operators. The cognitive 
operators make sure that the right goal is in charge 
(namely, PUSH- DOW) while the perceptual operators 
check to make sure that the target DOW has not yet 
been reached. Finally, the POP-VERIFY- DOW is 
somewhat the opposite of PUSH-DOW. The 
condition side of POP-VERIFY- DOW matches when 
the current goal is completed. The action side then 
fires and removes control from PUSH- DOW retuming 
it to the higher level goal, STARTMODE (see Table 
2). (Note that not all pushes and pops in this model 
involve perceptual operators.) 

3.2 Predicting Error Recovery 

The current, display-based model easily handles two 
common types of errors: slips and interrupts. The 
most common type of slip in our data is the subject 
going one keypress too far, say, setting the DOW to 
Sunday rather than Saturday. If we let the cognitive 
model run to "Saturday," stop it, press the DOW 

1 Note, as shown in Table 2, there are four subgoals to 
GOAL: STARTMODE. If the mode is not currently set to 
START then tbe first subgoal, SET-MODE, must fire. 
However. the model does not constrain the order in 
which the remaining subgoals are executed. 
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button once by hand, and then turn the cognitive 
model back on, we observe behavior similar to what 
we observe in our subjects. The model resumes 
pressing the DOW key until Saturday appears and 
then pops the DOW goal. 

In an "interrupt" a goal is popped before it is 
completed. In the above example, if the subject 
toggled DOW from Thursday to Friday and then went 
off to set the CHANNEL we would say that the 
DOW goal was interrupted. (And that the perceptual 
verify part of POP-VERIFY- DOW somehow failed.) 
If we stopped the model at Friday, popped the DOW 
goal by hand, turned the model on long enough to 
look at its conflict set we would see that SET
CHANNEL is one of the several goals that the model 
was considering at this point. We can then force the 
model to push SET-CHANNEL (thereby modeling the 
subject's choice) and then let the model run freely . In 
this case, sometime after popping SET-CHANNEL, 
and before popping the goal STARTMODE (see Table 
2), the model, like our subjects, would again push (or 
set or adopt) the goal SET-DOW. (Section 4.2 
provides a fuller description of this "model-tracing 
methodology.") 

4 METHOD 

4.1 Empirical Trial 

Subjects Nine subjects (6 females and 3 males) 
were recruited from the students and staff of Fordham 
University. While all subjects owned a VCR, only 
three reported programming it to record shows more 
than three times a year. 

The VCR and its simulation The HyperCard 
device simulation was a high fidelity simulation of a 
Mitsubishi VHS VCR that had been purchased in 

Figure 1. VCR interface as implemented in HyperCard™. 

1983. Programming the VCR was done via its front 
panel. The simulation has 19 buttons that push 
on/off, click, or slide. Only 8 of these buttons are 
needed to program the VCR. The VCR contains a 
display area showing time, channel, DOW, program 
number and, if turned on, a program record indicator. 
The VCR has three modes: CLOCKSET (default), 
START, and END. The availability and meaning of 
the displays varies with the mode. 

Procedures Before the study began subjects were 
given practice to familiarize them with button 
location and operation. For this practice, all button 
labels were removed and all displays were turned off. 

There were two phases in the study. Phase 1 used an 
instructionless learning paradigm during which 
subjects programmed the same show for five trials. 
Phase 1 is part of a larger effort focusing on the 
acquisition of display-based knowledge and will not 
be presented in this report. 

In phase 2 subjects programmed three successive 
shows to the criterion of two consecutive successful 
trials per show. As in phase 1, all trials were self
paced. In contrast to phase 1, after each trial that was 
not programmed correctly, subjects were provided 
feedback as to what they had to do (or not do) to 
successfully program the show. Programming 
procedures were never demonstrated in either phase. 

4.2 Model-tracing Methodology 

The analysis of the empirical data was guided by the 
"model tracing paradigm" pioneered by Anderson in 
the context of intelligent tutoring systems (Anderson, 
et a!., 1990). For the VCR-paradigm, both our 
human subjects and computational models program 
the same device. To analyze the human protocols we 
simply set the ACT-R models to begin at the same 
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time and with the same goals as the humans. The 
model "automatically" parses our protocols into goals 
and subgoals, pushes and pops, as well as motor 
actions. 

For the cases in which there are alternative correct 
goals, as when the human subject may decide to first 
program either the DOW, start time, channel, or end 
time, we force the production system to choose the 
same correct path as the subject. In slightly different 
language, when the computational model produces a 
conflict set of two or more productions, we override 
ACT-R's conflict resolution mechanisms to force it 
down the path taken by the human subject. 

When the human subject makes an error, we stop 
ACT-R, make the error "by-hand" on the HyperCard 
device simulation, and turn ACT-R back on. The 
ability of our various cognitive models to recover 
from errors of different types provides data relevant to 
the validity of that model. 

This use of a computational model in the analysis of 
human data removes a potential source of subjectivity 
from protocol analysis. 

5 Results 

5.1 Overview 

Since the criterion for each of the three, phase 2 
shows was two consecutive, successfully programmed 
shows, the minimum number of phase 2 trials was 6 
(2 trials per show for 3 shows). Our subjects ranged 
from 6 to 11 trials with a mean of 7.8 and a median 
of7. 

Only data from successful trials are reported here. By 
criterion, each subject would have a minimum of 6 
successfully programmed shows. Seven of our 9 
subjects had exactly 6, while the other two subjects 
had 7. 

Time per successful trial ranged from 36 to 143 sec 
with a mean of 65 sec and a median of 60. Number 
of keypresses ranged from 22 to 65 with a mean of 
34.8 and a median of 31.5. Total number of 
keypresses for all successful trials for all subjects was 
1,946. 

5.2 Taxonomies 

We developed separate taxonomies to classify 
behavior and cognitive events. The behaviors in 
question are the 1,946 keypresses. The cognitive 
events are the 989 goal pushing and related popping 
required to support the task-structure shown in Table 
2. In this report we treat the two taxonomies as 
independent but mutually supporting. The success of 

the cognitive model in predicting most of the 1,946 
keypresses will be taken as support for the goals and 
sub goals postulated by the model. 

Keypress taxonomy The keypress taxonomy 
classifies each keypress as a hit or an error. A hit is 
any keypress that takes the VCR one step closer to 
the end state, as in our example, programming the 
VCR to record StarTrek on Saturday night, from 7 to 
8 PM, channel 11. An error is any keypress that 
either does nothing or takes the VCR further from the 
end state. By this division there were 1860 hits and 
86 errors. 

Table 4 Keystroke taxonomy 

lllT (closer to end state) 
ok 1604 
error recovery 256 

ERROR (no difference or farther from end state) 
false alarm 12 
slip 35 
mistake 39 

For each show that our subjects programmed, there is 
a minimum (or optimum) number of keypresses 
based upon the day, time, and channel of the show 
and the current settings (day, time, and channel) of the 
VCR. For the show to be successfully programmed, 
all members of this minimum set of keypresses have 
to be hit. These are classified as "ok." The 1604 
ok's comprise the vast majority of keypresses. These 
hits are only interesting because the model predicted 
them; that is, these keypresses would have been 
performed by the model given the same start settings 
and show times. 

Any other hits are considered as "error recovery." For 
example, if the current DOW is Thursday and the 
target DOW is Saturday then FRI & SAT are "hits" 
and are "ok." However, if the subject "slips" and 
toggled DOW to Sunday then MON-TUE-WED
THU-FRI-SAT are also hits but are counted as 6 
"error recovery" keypresses. There were 256 error 
recovery keypresses. These are discussed below in the 
context of the errors that they are a recovery from. 

Errors are divided into false alarms, slips, or 
mistakes. There are 19 keys on the VCR device 
simulation that can be toggled, pressed, or slid. Only 
8 of these keys are needed to program the VCR. 
When any other key is pressed it is considered a false 
alarm. Slips are defined by key and by time. For all 
except the mode key, slips are defined as "one 
keypress too many" coming within 2 seconds of 
(what should have been) the last keypress. In the 
above example, Sunday is a slip. The mode key is a 
slider key and required subjects to mouseDown, hold, 
and move the mouse to one of three positions. With 
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one exception, in all cases of two successive slider 
keypresses, the first keypress was considered a slip. 
Fifteen of the 35 slips involved the mode key and 
these can be attributed to the relative difficulty and 
precision required by the slider button. 

The other slips involved sequences of several 
keypresses. Eighteen of these involved setting the 
time. These are especially painful slips as going one 
beyond the correct hour, for example, required 23 
keypresses to recover -- there is no "back" key for 
time. Most importantly for our analysis, when we 
stopped the model, made the slip, and turned the 
model back on, it recovered from all of the 35 slips 
and in doing so it accounted for 180 of the 256 error 
recovery keypresses. 

The model recovers from slips because the current 
subgoal remains in control. For example, if PUSH
DOW (see Table 3) was the controlling subgoal when 
a slip occurred, the slip was recovered from at this 
level. No additional cognitive processing was 
involved. While the "normal" mechanisms seem to 
have been led astray by impatience (perhaps), these 
same mechanisms are sufficient to recover from such 
minor errors without needing to postulate additional 
mechanisms. 

The other 39 errors are mistakes. The explanation of 
mistakes involves postulating that control was seized 
by an erroneous subgoal. Since mistakes involve 
explanations beyond the keypress level they will be 
discussed in greater detail in the next section. 
However, it is important to note that when we used 
model tracing to simulate the error that we believed 
the subject had made (where this may have involved 
our entering erroneous keypresses as well as popping 
certain subgoals), the model recovered from all the 
above mistakes and accounted for 70 of the remaining 
error recovery keypresses in doing so. 

These data show that the cognitive model accounted 
for 250 of the 256 error recovery keypresses made by 
the nine subjects. This success rate of 98% will be 
elaborated upon in the next section. 

Goal/subgoal taxonomy The goal/subgoal 
taxonomy adopts the cognitive model's perspective. 
As discussed in the last section, the model tracing 
procedure generates most of the keypresses emitted by 
our subjects. It also generates a goal/subgoal 
hierarchy of pushes and pops. If each successful trial 
was also error free and if our subjects adopted the 
same goal structure as our model (see Table 2) then 
across the 56 successful trials there would be 929 
pushes (or 929 goals and subgoals that are set) and an 
equivalent number of pops. Whenever one of these 
pushes was found in the protocol of the nine subjects, 

it was classified as a "psh-ok." As shown in Table 5, 
922 of these goals were found. 

The seven "missing" psh-oks are all, missing from 
one subject. This subject contributed 7 successful 
trials and one "psh-ok" is missing from each trial. 
Contrary to Table 2 where turning on the Program 
Record button (PROG REC in Figure 1) is considered 
a subgoal of the SET-VCR goal, this subject turned 
on PROG REC after completing all the subgoals for 
STARTMODE (see Table 2) and immediately prior to 
beginning ENDMODE by setting the mode switch to 
END. From the VCR's perspective this behavior is 
correct. PROG REC can be set to "on" at any time. 
The only requirement is that it be left "on" at the end 
of programming. However, from the model's 
perspective this is not right. The model would never 
allow PROG REC to be set as a subgoal of 
STARTMODE. Hence, when this behavior is observed 
its corresponding goal is scored as a push error, more 
precisely, a "psh-wrong place" (see Table 5). (Note 
that in the keypress taxonomy, which adopts the 
VCR's perspective, this keypress is scored as "ok.") 

Table 5 Goal/subgoal taxonomy for PUSHes 

HIT (predicted by model) 
psh-ok 922 
psh-error rec 25 

ERROR (not predicted by model) 
psh-wrong place 16 
psh-wrong goal 26 

Error recovery involving slips and some mistakes are 
handled by the model in the goal at which they occur. 
For example, if the goal is PUSH-DOW and a slip is 
made so that the subject presses DOW once too often, 
the model will continue pressing DOW until the 
target day again appears. Although this occurrence of 
PUSH- DOW would have resulted in 9 rather than 2 
motor productions, MO* SET-DOW, the goal would 
be scored as a "psh-ok" not an error and not "psh-error 
recovery." 

There are two ways for a goal error to be made: the 
wrong goal may be pushed or the right goal may be 
prematurely popped. For these premature pops, a 
correct goal is started (pushed) but interrupted before 
it is completed. Such pop errors, or interrupts, were 
only examined for the 947 hits. 

Our analysis shows that 926 of the goals that were 
correctly pushed were also correctly popped. The 
remaining 21 goals were interrupted, or prematurely 
popped, before the target setting was achieved. 

While we cannot with certainty answer the question 
of "why" a particular goal was interrupted, we can 
determine the relationship between the interrupted 
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goal and the interruptee. For 14 of the 21 interrupts, 
the interruptee was a sibling goal in the hierarchy. In 
terms of Table 2, DOW is a sibling of CHANNEL. 
Subjects are not mentaiiy wandering around working 
on things at random. When one goal is interrupted 
the goal that is taken up is a close relative. 

The interrupts are largely the reciprocal of 24 of the 
25 psh-error recoveries. When a goal was interrupted, 
it later had to be recovered. The question becomes, 
where in the goal hierarchy was the subject when 
their attention switched back and work on the 
interrupted goal was resumed? Thirteen of the 24 
psh-error recoveries were begun after a brother goal 
had been completed. These recoveries correspond to 
model predictions. The model postulates a display
based verify of subgoals before the goals 
STARTMODE or ENDMODE are considered complete 
(and popped). Hence, most interrupted and otherwise 
incomplete or missing goals should be discovered 
before their parent goal is popped. 

The goal/subgoal taxonomy brings a large degree of 
order to the 56 successful trials of 9 subjects. The 
success of the taxonomy in structuring such behavior 
provides a sufficiency proof of the underlying 
cognitive model. 

6 CONCLUSION AND SUMMARY 

6.1 Future Directions 

This is the first in a series of reports on a humble yet 
error-prone interactive task: programming a VCR. 
The interest here is not in VCRs per se, but "VCR
as-paradigm;" that is, the VCR as a type of 
programmable device. In this report we mentioned 
but could not dweiJ upon the display-based nature of 
the cognitive model. While the display-based nature 
of the task may seem "intuitively obvious," our first 
two models differed from the current candidate on this 
dimension as weiJ as others. In future reports we 
hope to present data that will discriminate among the 
models. 

We believe that the display-based nature of the task 
facilitated the rapid discovery of slips and errors. 
Such success at error recovery begs the question of 
why such errors were made at all. We modeled the 
task with explicit, perceptual verifies at the 
completion of most goals (see Table 3). There is 
little research that bears on such explicit verification 
steps but some suggestion that such verifies are found 
in novice behavior and vanish as expertise increases 
(Bovair, Kieras, & Polson, 1990). This too is a 
subject for a longer report. 

Finally, we believe that the knowledge required for 
VCR programming can be classified as task, world, 

display-based, or device-specific knowledge. The 
model-tracing paradigm permits us to match behavior 
with presumed knowledge. The failure of a rule to 
fire or the firing of an inappropriate rule may be 
explainable by reference to the knowledge that the 
user has or does not have. 

6.2 Taxonomies & Tasks 

Describing human behavior at a fine grain of analysis . 
is difficult work. The tedium involved in ensuring 
that minute details are consistently encoded 
throughout a large database of protocols can be 
frustrating. The current effort is largely successful in 
that rather than simply viewing the model as a theory 
to explain protocol behavior, we have used the model 
as a tool to direct the analysis of more data. While 
such efforts are not unique they are far too rare. 

The results have been successful and striking. The 
model accurately predicts the vast majority of correct 
and error recovery keypresses in a data base of 1,946 
keypresses. Adopting the model's perspective on the 
data resulted in the development of two taxonomies 
for classifying errors: one at the keypress level and 
one at the goallsubgoal level. The taxonomies were 
used to illustrate the non-random nature, discovery, 
and recovery of errors in end-user programmable 
devices. 
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