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Finger Force Precision for Computer Pointing

Ted Selker and Joseph D. Rutledge
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Abstract: This paper addresses motor control constraints which affect analog
pointing devices used with computer interfaces. We have investigated the accuracy
and precision with which subjects can apply force to a small isometric joystick with
a fingertip or finger and thumb, for one and two dimensional force specification.

We find the information content of a force application to be in the range of 4 to
6 bits per dimension with visual feedback, and without time constraint. :The force
application task in two dimensions is no more difficult than in one dimensions and
gives twice the information content. Use of an opposing thumb and finger gives no
improvement over a single finger. Both inaccuracy and imprecision are concen-
trated along the direction of the specified force - subjects tend to be both more
accurate and more precise in the direction of force than in its magnitude.

Implications for analog pointing devices are discussed.






Finger Force Precision for Computer Pointing

Ted Selker

Joseph D. Rutledge

IBM T.J.Watson Research Center, Yorktown N.Y. 10598

ABSTRACT

This paper addresses motor control constraints which
affect analog pointing devices used with computer in-
terfaces. We have investigated the accuracy and pre-
cision with which subjects can apply force to a small
isometric joystick with a fingertip or finger and
thumb, for one and two dimensional force specifica-
tion.

We find the information content of a force application
10 be in the range of 4 to 6 bits per dimension with
visual feedback, and without time constraint. The
force application task in two dimensions is N0 more
difficult than in one dimension and gives twice the
information content. Use of an opposing thumb and
finger gives no improvement over a single finger.
Both inaccuracy and imprecision are concentrated
along the direction of the specified force - subjects
tend to be both more accurate and more precise in the
direction of force than in its magnitude.

Implications for analog pointing devices are discussed.
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INTRODUCTION

Recent work [5, 7] has demonstrated that pointing
performance can be significantly improved when hu-
man motor-perceptual limitations are taken into ac-
count.

This reopens questions of strategies for physical con-
trol posed at the time of radio knob design, etc.
[2-4, 8] What are the pe tual motor constraints
of physical control design? glow should these con-
straints affect the relationship between the physical
control and a machine’s response to its movement?
By understanding the relationships between these in-
formation channels we can improve design interfaces.

Motivated by work in designing a finger pressure
controlled pointer, we vu.rz:.:ﬂ,e‘ﬁ‘cfl %mdersta.nd 81: con-
trol channels available to various analog motor tasks.
We report here a study of the finger-pressure channel.
We have considered visual, auditory, tactile and pro-
prioceptive feedback. Some tactile feed back is inevi-
tably present (barrin anesthesia).  Preliminary
experiments indicated that auditory feedback alone is
much less effective than visual, even in the one-di-
mensional case, while tactile feedback alone appears
to allow less than 3 bits in each dimension. This
study focuses on finger pressure with tactile and visual
feedback, without time constraint. The subject may

take several seconds to apply the specified force, and
the force is then measured as the mean of instantane-
ous forces sampled over a 2.4 second integrating pe-
riod. Even under these conditions accuracy and
precision are surprisingly low.

The force range which we have investigated is that
appropriate for one or two fingers on a small sensor
(a 3 mm by 8 mm cylinder), 0 - 225 grams.

While there are many studies of complex tasks such
as pointing and tracking which use the finger or hand
force channel, there seem to be few if any which ad-
dress the accuracy and precision available in the
channel itself. We have found only [6], which studies
whole arm movements at much greater forces. His
studies found subjects could apply a arm force to
within 10percent of a attempted target force.

METHOD

Apparatus

Subjects were seated at a standard office desk, in a
chair adjusted to comfortablg height by the subject.
On the desk were a CRT display and a 101-key IBM
PS/2 keyboard, placed about 10 cm back from the
edge of the desk. In the center of the keyboard, be-
tween the G and H keys, was an isometric_joystick
(the same sensor used in the Pointin%ﬂStick, [sh
topped by a dished 3x5 mm diameter finger rest, 4
mm above the level of the key caps Figure 1. The
joystick top moves an undetectable .13 mm at max-
imum force.

Fingertip grip of an isometric joy;ic-k-

Figure 1.

An IBM 8514 in VGA graphics mode .4 mm square pixels on a 480 by 640 screen



For the fingertip grip condition the subject placed a
finger tip on the finger rest. For pen grip experiments,
adjoining key caps were removed exposing an 8 mm
long 3 mm diameter ‘fcn', grasped between thumb
and forefinger. Figure

Figure 2. Pen style grasp of an isometric joystick

Experiments were also run using a single finger or
thumb pressure on the side of the joystick to under-
stand the value of the opposing digit in the pen grip
condition. This is called the side grip.

Strain gauge signals from the sensor were processed
to produce signals on an IBM PS/2 pointing device
interface such that the resulting cursor position re-
presented the horizontal force %)cing applied to the
sensor, within the limits of the display screen. Strain
gauge sensing and siglal rocessing was performed

y a separate IBM P IX'IP with a Scientific Systems
Labmaster data acquisition board which communi-
cated to the PS/2 Cgucmgh its mouse port.

A program running on a IBM PS§/2 model &0 pre-
senlv:‘.)ed stimuli, provided feedback, and recorded data.

Subjects
Over several month periods one subject performed
experiments to calibrate and develop data collection

techniques.

We réport here on results from four subjects, hired
through an agency as office temporaries. They all
normally work in secretarial and clerical jobs, fre-
quently using word processors, and had slight famili-
arity with mice, but no prior experience with other
computer pointing devices. All were women,

25 and “50’s”, who reported typing speeds between
50 to 80 words per minute. Two played or had
played a musical instrument; no other high-manual-
dexterity hobbies were reported. Subjects participated
in these experiments as part of a two-day sequence
of experiments on pointing behavior, using the
Pointing Stick in its normal mode and a mouse in
addition to the present apparatus.

Procedure

The experimental paradigm is as follows: Subject ini-
tiates each trial with a keypress. A target force is
presented as a position on the screen. The subject

attempts to apply the specified force, by bringing the
cursor to the target and holding it there.

An initial movement towards the target is ended when
the subject’s precision limit is inevitably reached and
the cursor moves away from the target. During the
following “hold” phase the cursor is held as stably as

ssible for some 2.4 seconds. The mean applied
orce during the “hold” phase will be called the trial’s
effective force and its standard deviation is taken as
the trial’s imprecision or dither. The miss vector is the
difference between the target vector and the effective
force vector. The miss angle is the direction of the
miss vector.

Figure 3. Display showing stability and accuracy
of force application in a trial.

Feedback information is added to the target display

at the end of each tral. The computer displays the

track of the cursor’s movement. A cross on the track

marks the beginning of the hold phase and an ellipse

is centered at the mean hit position with shape re-

Erescnting the varation i applied force during the
old phase.

Separating subjects target selections from target hold
phase is exemplified in Figure 3. In this figure it is
noticeable that after a subject attempts to select a
target, stability at holding the requested force can be
characterized as a cloud of dither.

After 10 such trials the computer displayed numbers
indicating relative accuracy and relative dither and
standard deviations for the group of trals. A menu
selection is selected to run ten groups of these.

The subjects performed these the trial type doing two
dimensional (circle) targets, vertical one dimensional,
and horizontal one dimensional targets. All of these
conditions were investigated for the fin tip as well
as lf)en eFfp conditions. A nominal 3 0 trals were
collected for each two dimensional condition and a
nominal 100 were collected for each one dimensional
condition. For two subjects an additional nominal
100 trials were collected for the side grip condition.

Target forces were pseudo-random, with uniform
distribution over the range corresponding to the dis-
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play screen, excluding an approximately | cm margin
ami{ a disk of diameter 2 cm in the center.

An cxperimenter remained in the room to observe
and to demonstrate protocols. Written instructions
explained each phase of the experiment, and directed
the sequence of phases; the sequence was vared 1n
some cases to maintain subject motivation. The ex-
perimental protocol was otﬂ)crwisc administered and
results recorded by the computer.

RESULTS
Target force, mean applied force, dither, and time
were recorded for each trial. Initial sets of trials were
discarded, as were a few trials invalidated by inter-
;ujptions or equipment problems. Table I gives over-
averages of miss and dither for the three target
types, and for the two grips. Figures 4 - 12 look at
the data in more detail, examining dependencies on
target force,

SE File to be plottad? tip 1567 €.38 2.77 0.7
Panot her? 1116 031 2.19 ¢.28
prother? = .

AF . 3

H':— *: ea =

2 :— - . ~ . r a

t3: S

: 3 wii © N 'L: -

of £ 8 .1

r F . o= '._! P 3 “

3 . hag, Y NS -

SE C T T e e
F . o Aot e =
E - ey s a¥' oty &

A o

Bk SRR

1F H

1k '

Figure 4. The relationship between distance and ac-

curacy

Figure 4 plots error against target force for the two
grip conditions. The figure shows that while absolute
accuracy of force decreases with requested force, rela-
tive accuracy increases with force. The large range in
accuracy indicated by the quite tall cloud shows that
range i performance is wxgc Note that the pen grip
condition adds a slight advantage over the finger tip
condition.

Figure 5. The relationship between force and stead-
iness

Figure 5 plots dither against force for the two grip
conditions. Notice the blank area at the bottom of
the screen. This represents a limit to steadiness. The
width of this band shows that no one was able to hold
force steady to within 2 grams. The average instabil-
ity was 8 grams varying in individual from 5 to 12
grams. Like the error, dither also increased somewhat
with force.
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Figure 6. Direction of miss versus target direction

Figure 6 shows the relationship between the target
direction and the miss angle. Note that the miss angle
tends to be 180 degrees from the target angle showing
that subjects tend to undershoot the t force. It
shows that subjects were more accurate 1n the direc-
tion than in magnitude of force application. This data
could be used to help design velocity transfer func-
tions. Another use of this su that menus should
be made “deep” in the direction of most likely ap-
proach. Edge menus, which are effectively infinitely
deep, are instances of this.
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Figure 7. Stabilty in direction of target is worse than
in orthogonal direction

A striking result emerges by looking at the shape of
the data cloud of subject hold data, Figure 7. The
ellipse that represents the mean of the dither cloud
has approximately a 2 to 1 axis ratio in the direction
of the target. We have collected data for é)rcssure to-
wards targets above below to the right and to the left.
Our data collection procedure for angular forces does
not distinguish this at other angles.

-1 1le ta be plotted? IF % e.51 2.15 041
re‘?tr"p-l e 0.4 3.4 0.3

A

2

z

4

r3

r

e

r

=2

1

L]

2

1

ifc « PpeRC o

Demonstration that pen grip is not better
than pushing with a side grip.

Figure 8.

Experiments comparing the side grip to the pen grip
test the role of opposmﬁ grip for pressure accuracy
and stability Figure 8. Note that in the data the side
grip is not distinguished from the pen grip. This
suggests that the slight advantage of the pen grip
condition over the tip grip is due to improvement 1n
control by pushing on the side of the post rather than
to any additional stability provided by another finger.

Samples Error Dither

2 Dimensional
Tip 1567 7.7 8.8
a 7.8 6.0
Pen 1116 6.6 8.3
o 6.1 52
1 Dimensional - Horizontal Bars
Tip 389 4.5 6.0
o 4.7 4.0
Pen 260 33 .48
c 4.3 - 42
Horizontal Projection of 2 Dimensional Data
Tip 1510 5.3 6.2
c 5.7 4.2
Pen 1074 4.7 6.2
c 4.9 4.1
1 Dimensional - Vertical Bars
Tip 390 5.1 5.6
o 7.0 52
Pen 397 43 5.6
o 4.9 44
Vertical Projection of 2 Dimensional Data
Tip 1519 4.6 6.0
o 6.4 5.0
Pen 1079 3.9 54
c 4.7 39
Figure 9. A Table of average error and dither in
grams showing the inherent low accu-
racy and instability in force applica-
tion, the relation between 1 and 2
dimensional trials and the improve-
ments afforded by the pen grip.
Samples Error  Dither
Subject 1 293 3.0 5.8
Subject 2 587 45 6.9
Subject 3 330- 15.0 10.6
Subject 4 357 9.9 12.7
Figure 10. A Table showing the range of indi-

vidual differences in average error
and dither force between subjects for
the two dimensional tip grip condi-
tion

Figure 9 gives the a
various conditions.

verage error and dither under the

the data is averaﬁed over all individuals and target

forces its major features are still visible.

tremely large standard deviations reflect several fea-
tures of the data: first that subjects are unable to hold
a constant force, second the large variation in accu-
racy between individuals Figure 10, and third the fact
that error and dither increase with increasing force.

The maximum force that subjects seem comfortable

applying with o
aking this as the working range for finger
recision can be calcu-

est interval .of error for

grams. T

ressure, average short-term
ated from Figu

ne finger is about 8 ounces or 225

re 9 The sm

the 2 dimensional tip case is 8 grams. Adding the

This table shows that even when
The ex-



standard deviations to error and dither for the 2 di-
mensional tip case gives a value of (7.7 + 7.8) + (8.8
+ 6.0) = 30 grams as representing an Upper range for
error. This gives a precision of 3 to 12 percent, al-
lowing 8 to 30 choices in each dimension Figure 9
on page 4. Taking the log base two of these numbers

ives an information content ranging from 3 to 4.9

its for each trial. Averaged over a long hold time
52.4 seconds) subject accuracy came 10 a precision of

to 15 grams, giving 3.9 to 6.2 bits, for each dimen-
sion, Taking a long careful attempt, then, only al-
lowed our best subject to be able to accurately select
one of 70 force values in each dimension. Compiled
into two dimensions this gives a total information
content of 7.8 to 12.2 bits.

The general level of information content reported by
Schmidt et.al. for arm force [6] (Standard deviation
about 10 percent of applied force) is consistent with
our results.

The 1 dimensional projection of the 2 dimensional
horizontal data results from setting all horizontal
components to 0 in the data from 2 dimensional tri-
als. Note that it agrees closely with the data for the
one dimensional targets. Data from trials with verti-
cal targets and the corresponding projection of the 2
dimensional trial data are quite similar, with the same
close correspondence. The differences in error be-
tween 1 and 2 dimensional trials is completely ac-
counted for by the dimension of the trail. The
subjects ap to be able to add a second dimension
to tLeir task without any interference giving twice the
information content without additional effort.
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Figure 11. Demonstration of the experience subjects
had relative to asymptotic improve-
ment with use of pointing device.

The experiments described in this paper were included
in a two day exercise designed to train subjects in us-
ing isometric pointing devices for mouse-like selection
activities. As with the mouse [1] we find that a sub-
ject improves at selection tasks over a few thousand
pointing selections. ~ Figure Figure 1lshows two
points at which Subjects performed these force ex-
periments as part of a longer set of runs designed to
give them experience with isometric pointing.

By noting the points along the performance curve at
wﬁ_'\ch data was gathered %or force experiments, the
impact of pointing experience on these results can be
estimated. Figure Figure 12 shows that this data is
consistent with all other data describing accuracy of

finger force.
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Figure 12. Force accuracy data taken at different
times on a user’s joystick pointing
learning curve.

CONCLUSION

Limits of Digit Force Control
Even under the optimal condition of long integration
time, accuracy is quite limited. If we take the working
range for this kind of finger pressure as 0 - 225gm,
average short-term precision, for our subjects, is in
the range of 9 to 25 grams or 4 to 10 percent of full
range in each dimension, corresponding to an infor-
mation content of 3.3 to 4.6 bits for each tral. Over
time (2.4 seconds) this is integrated to a precision of
3 to 15 grams, giving 3.9 to 6.2 bits, for each dimen-
sion, for a total informatien content of 7.8 to 12.2
bits. This compares with 18.22 bits represented by
the selection of a single pixel on a VGA (640x480)
screen. A force-to-position jogstick is clearly not ad-
uate as a pointing device. By mapping {grce into
velocity instead of position, efficient time integration
and arbitrarily precise pointing may be ac ieved,
provided that the proper mapping is used. The im-
precision of finger pressure implies that speed can be
closely controlled only where the mapping has a pla-
teau, where the desired is maintained over a
range of pressures larger than the 4 to 10 percent un-
certainty. In the Pointing stick transfer function such
plateaus are found at zero speed for a stopped cursor,

" a slow speed for accurate pixel and character posi-

tioning, and at maximum eye tracking s?wd for fast
E:}cu:ate movements [S] -- Figure 1d ‘transfe’ un-
own --

Over the range of target forces tested subjects were
never able to keep steady forces under 2 grams.
projected average 5 grams of dither at zero force sets
a minimum deadband which will allow a user to rest
a finger on a sensor without cursor motion.

Two Dimensions is No Harder than One.



Subjects applying a force in two dimensions made
much the same errors along each axis as when they
were concentrating on that axis alone. One might
expect that it would be easier to apply and hold a
specified force to the right, for example, if one need
not control in the up or down direction. This is not
the case.

Role of Grip in Force Cantrol
It might have been expected that the opposing thumb
and forefinger hold would greatly improve both ac-
curacy and steadiness of force application. Data from
this study shows that the pen grp u:a%rovcd r-
formance very little (Figure 4 on page 3, Figure 9 on
age 4). This improvement, however, does not come
g'om the opposing thumb as predicted; a finger placed
on the side of the joystick in the side grip condition
slightly outperforms the pen grip Figure 8 on page
4shows that the observed force accuracy advantage
of the pen grip is due to the finger or thumb position
on the side of the scnsor rather than on the tog}land
not to the opposing digits grip. Two unsteady fingers
are just as unsteady as one unsteady finger.

Error and Dither are Aligned in the Target Direction
Applied force tends to be aligned to the direction of
target force but undershot. For force to velocity
transfer functions this is an advantage; the noise along
the intended direction of movement changes the cur-
sor speed but not its direction.

A specific style of menu that this suggests is a menu
along the edge of a screen (which acts as if infinitely

deep).

The results of these experiments belp describe behav-
joral motor issues which contribute to the perform-
ce improvements achieved by the Pointing Stick

transfer function.

This study shows that individual performance differ
by a large factor; could this be taken into account in
person or adaptive transfer functions?

10

The noise in a persons movement is greater in the axis
directly intersecting the target; could this analysis be
utilized to to augment user control?
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Demonstrating Usability Improvements
in Automatically Presented Adaptive Help.

Ted Selker
I.B.M. T. J. Watson Research
Yorktown Heights, NY.

Abstract

This paper presents a study demonstrating im-
provements in performance and perceived us-
ability for users of an automated adaptive help
system. COgnitive Adaptive Computer Help
(COACH) is an architecture for experimenting
with adaptive user models. The language coached
on, the way COACH adapts, and the pedagogical
paradigm can be changed by writing a language
definition table, courseware facts and COACH
learning rules. In a five session user study which
was disguised as a Lisp course, the COACH sys-
tem, which gives automatic adaptive help, was
found to improve both performance and perceived
usability when compared to a version which of-
fered only nonadaptive, user requested help.

1 Introduction

The possibility of real-time interactive adaptive systems
has always been questioned[2; 6]. Behavioral studies have
not been able to show performance differences for people
using adaptive interfaces [5].

We have been working for some years with interfaces
which offer users help and tutoring support when needed,
without interrupting user tasks [3].

COACH is an adaptive interactive help system which
interactively changes its model of a user character by char-
acter. It utilizes this adaptive user model to attempt to
understand a user’s needs. The adaptive system watches
a programmer’s progress, advising with syntax, examples
and descriptions as needed. It ceases advisingon a topic in
which its user has demonstrated expertise. Help text reap-
pears when the user once again needs help. Whether giving
help for user-initiated explanations, or acting as an advi-
sor for COACH-initiated explanations, COACH presents
information at the level at which a user has shown compe-
tence.

The COACH interface (see figure 1) allows the user to
type without computer interruption. To avoid confusion,
the Emacs editor window, in the bottom left corner of the
screen, is separated from the output text window. The
output text window is immediately to the right of the ed-
itor window. These two windows can clearly be seen in
figure 1. With this configuration the result of the user’s
input text does not clutter their input pane.

A small window, directly above the editor window,
presents help relavent to the immediate context. It dis-
plays error messages, when appropriate, as well as infor-
mation or help on the current construct the user is working

Kevin M. Goroway
Worcester Polytechnic Institute
Worcester, MA.

on. Even when an error is pending the user is not halted
from typing. This window displays the error, allows the
user to finish their current thought, then use the editor
to correct their error. When an error is not pending this
window tells the user what the system is expecting, such
as an open parenthesis or a function name. Following this
is an example of what the system is expecting along with a
description and the syntax of the expected item. This help
text can be presented at one of four experience levels, rang-
ing from beginner to expert. The level of information that
is presented to the user is determined by the COACH adap-
tive user model. When a user demonstrates knowledge of
a particular concept COACH recognizes this and presents
help on that concept at an appropriate level. COACH also
takes into consideration errors made by a user, and updates
its internal information on the user accordingly.

Above the immediate help window is a large general help
window. When a user asks for help it;is displayed here.
The system updates this window whenever the user moves
on to a new concept. For example, it might start by ex-
plaining what an evaluable is, and when the user has typed
(setq COACH would explain, at the level at which this
user has demonstrated expertise, how one uses setq.

Along the bottom of the screen are various menus that
the user may click on to receive information such as func-
tions that are available, undefined variables that have been
referenced, and help on all of the constructs that COACH
knows about. Menus are also available when the user hits
the right mouse button.

This arrangement was chosen to minimize visual
searches. It is our idea that the top most window will
be used least during an editing session, whereas the error
window will be used more frequently. Window layout can
reflect user needs. To keep work context an advanced user
needs to see more of their work and less help: they are
supplied with a larger editor window and a smaller help
window.

This paper describes a study designed to demonstrate
the effectiveness of an automated, real-time, interactive,
adaptive user interface as compared to the same interface
without the automated, adaptive features.

2 Evaluating Adaptation

The current study tests the hypothesis that a coaching
paradigm improves user productivity. Does the adapta-
tion of COACH or the automatically presented help make
COACH usable? A combination of these two things, or
something entirely different (ie. the online mouse selectable
help, the separate input and output windows, the auto-
matic real-time error detection, etc.) could make an im-



was ohserved trying
"((plus 5 5) times (plus 2 2))

but was able to understand the problem with the aid of
COACH. The system quickly recognized that an error was
being made and popped up an attention grabbing error
message in the immediate help window. When this error
message was noticed the user was able to use the COACH
online help to figure out the proper order of evaluation.

The list operations introduced CAR, CDR, and CONS, as
well as the concept of nested lists, and QUOTE. The stu-
dents were asked to create some lists of varying degrees
of difficulty. The simplest was a single level list, (1 2 3),
and the most difficult involved a multiple level list that
required an understanding of quoting.

A conditional statement was required to solve one of the
questions. The task was to print “yes” if a certain element
was contained in a list, therefore the MEMBER function was
also needed.

When the students finished these single answer questions
at their own pace they were asked to begin a database
project. The students were not told which functions they
should use nor how they should construct the database.
Surprisingly, most students chose to use DEFSTRUCT in-
stead of lists or property lists, all of which were covered
in the Lisp Tutorial. The reason most students gave for
this choice was that, “It does everything for you.”

3.4 Comment Sheets

Each day the subjects were asked to fill out a comment
sheet. They were instructed to write as much, or as little
as they chose. The following questions were asked on the
comment sheet:
1. How often do you look at the help screen while solving
a problem?
2. How helpful is the Help screen?

. How helpful is the COACH window system, as com-
pared to a line-based interpreted environment?

. Observations about COACH?

. Observations about Lisp?

. What problems are you having?

. What problem are you working on?

. What is your motivation to learn Lisp?: 1-10
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3.5 Interviews

Near the end of the course, eight subjects from each group
were interviewed on audio tape while they were working.
The important question that was asked is:
¢ What do you find most helpful while solving a prob-
lem, the help screen, the COACH menus, or the Tu-
torial?

3.6 Post-Test

At the end of the user study the subjects were given a
post test. To measure the amount of Lisp learned by each
subject, questions covered the same material as the pre-
test. In addition, questions about specific feelings toward
COACH and Lisp were posed. Although similar to the
comment sheets, these questions were worded differently
to reveal more about the subjects’ personal views.

4 Method

Nineteen employees of IBM T. J. Watson Research Cen-
ter were recruited. They varied from summer interns to
professional programmers. While all of the subjects had
prior programming experience, none had previous experi-
ence with Lisp.

The subjects were separated into an early session (meet-
ing from 5:00pm to 6:00pm) and a late session (meeting
from 6:00pm to 7:00pm) each day, for five days. Attempts
were made to assign subjects to whichever session fit their
schedule best. Eight subjects were assigned at random to
use the manual help system. Eleven subjects were assigned
to use the automatic adaptive help system.

5 Experimental Data and
Analysis

The following sections give detailed descriptions and anal-
yses of data taken in the study. The Data recorded came
from the pre-test, comment sheets from each day, saved
exercise solutions from each student, verbal interviews of
subjects during their sessions, and the post-test taken after
the course was completed.

5.1 Pre-Test

Before the course began the students were tested on their
knowledge of Lisp, and programming concepts in general.
The pre-test showed that all subjects were experienced pro-
grammers, having no prior Lisp experience. Answers to the
Lisp specific questions showed that, except for the simplest
cases, the subjects were unable to answer Lisp questions
by merely guessing.
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5.2 Saved Exercise Solutions

The COACH system internally stores information about
each user. We refer to this internal representation as a
user model. When a user is finished using the system for a
period of time, COACH creates two files. The first contains
the users work (Lisp code), and the second contains their
user model (What level of expertise they are at for specific
concepts).

After looking through the subjects’ saved work and their
saved user models the main result of the study was deter-
mined: the users of the adaplive system wroie five times
as many functions.

Although the comment sheets all indicated that the stu-
dents were working on the database project by the last
session, their actual work showed a different pattern. The
users of the adaptive system wrote an average of 2.5 func-
tions during the course as compared to 0.5 for the users of
the nonadaptive system. No user of the nonadaptive sys-
tem wrote more than two functions. In addition the style
and quality of functions written by the adaptive system
users was much better than that of the control group.

One user of the adaptive system was able to write:

(DEFUN add-person (name phone lang)
(COND
((MEMBER name USERS))
((EQUAL USERS nil)
(SETQ USERS (LIST



non-self-paced manner.

7 Future Work

COACH is designed to demonstrate the use of adaptive
automated help. This study has shown that an adaptive
automatic help system increases performance.

Many important questions remain unanswered. The
COACH adaptive user model was used in a simplified form
for this study. It is important to examine the various kinds
of adaptation and knowledge bases in such an adaptive user
interface. A small number of adaptive rules were used to
change the quantity and quality of help given to a user for
each function, token, and concept. The value of each indi-
vidual rule should be studied. COACH also has facilities
to record user information concerning required and related
knowledge.

In this study we tested the effectiveness and importance
of an adaptive system with Lisp illiterate users. We believe
the way COACH will be helpful to novice programmers as
compared to experts is quite different. Experts will benefit
from COACH’s anomalous examples and complete syntac-
tic descriptions of functions, leaving the expert alone when
they are working on something that they are experienced
with. Experienced Lisp programmers will benefit from the
fact that COACH keeps track of context dependent situ-
ations, scope, and undefined variables, while exposing the
user to the relationship between functions and concepts.
Novices, on the other hand, find the use of the chang-
ing adaptive help for functions and tokens quite useful for
learning the syntax of simple functions and token types.
While studies demonstrating these effects are straightfor-
ward, they were beyond the scope of this experiment.

& Conclusions

In this study significant differences were found in groups
which had adaptive automatic COACH help versus sub-
jects who only manual COACH help.

While data collected from the comment sheets from the
two groups shows indistinguishable motivation and self de-
scribed performance between them, the automatic adap-
tive help group utilized all available materials (the auto-
matic COACH help, the Lisp Tutorial, and user requested
COACH help), felt more comfortable with Lisp, had a
higher morale and wrote five times as many functions on
average than the group with manual COACH help.

While both groups had the same access to the tutorial
and online help, the manual help subjects were likely to
look only at menu selected help, in contrast to the auto-
matic adaptive help group, which used tutorial materials
as well as asking for help. The reason for this is most
likely a lower morale among the manual help subjects; they
missed the student/teacher interaction of a classroom en-
vironment. Although the self-perceived motivation of the
manual help group was not much different than the other
group, the data clearly shows that the manual help group
put forth less effort. )

The automatic adaptive help system succeeds in raising
morale, and motivation, which in turn leads to an attitude
that is more conducive to learning.
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