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Abstract.  A study was conducted to investigate the effects of auditory and 
haptic feedback for a "point and select" computing task at two levels of 
cognitive workload.  Participants were assigned to one of three computer-mouse 
haptic feedback groups (regular non-haptic mouse, haptic mouse with 
kinesthetic feedback, and haptic mouse with kinesthetic and force feedback).  
Each group received two auditory feedback conditions (sound on, sound off) for 
each of the cognitive workload conditions (single task or dual task). Even 
though auditory feedback did not significantly improve task performance, all 
groups rated the sound-on conditions as requiring less work than the sound-off 
conditions.  Similarly, participants believed that kinesthetic feedback improved 
their detection of errors, even though mouse feedback did not produce 
significant differences in performance.  Implications for adding multi-modal 
feedback to computer-based tasks are discussed. 

1 Introduction 

Within the traditional framework of human-computer interaction (HCI) feedback to 
users for the purposes of navigation and interaction have been provided primarily via 
the visual mode. For example, cues for cursor position, current application status, and 
the user's most recent keyboard or mouse entries are generally obtained when the user 
looks at the screen. In our high-paced world, many computer users regularly divide 
their visual attention between more than one software application at a time.  To assist 
with this visual juggling, the use of multi-modal feedback has been proposed as a 
means of reducing the load on the visual modality so as to allow the user to work 
more efficiently [1, 2]. The general thinking is that we can capitalize on our ability to 
process information through more than one modality without significantly impairing 
performance on the primary visual task. In HCI, the term multi-modal feedback is 
used to refer to feedback sources other than those provided visually via a computer 
monitor.  The more common sources of alternative feedback are through touch (haptic 
feedback) and sound (auditory feedback).  

While computing technology offers opportunities to provide feedback to users via 
other modes (e.g. hearing, touch), whether such feedback actually enhances human 
performance across computing tasks is not well understood.  This research set out to 
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address this issue - specifically whether the addition of haptic and auditory feedback, 
separately or combined, enhances performance on a basic "point and click" computing 
task. 

2 Providing Multi-modal Feedback in Computing Tasks 

Besides the keyboard, the computer mouse is the most common input device used in 
HCI activities. While the user may employ the mouse to manipulate objects on the 
screen, he or she often must look at the screen to confirm an action due to the limited 
feedback provided via the mouse itself.   There are some mouse-like input devices, 
such as Control Advancements Inc.'s Virtual Reality Mouse™ (VRM), and SensAble 
Technologies’ PHANToM® haptic interface, that can provide haptic feedback 
through the user’s sense of touch. All computing mice provide some haptic feedback 
in that the user physically moves the cursor by touching the mouse.  Current use of 
the term haptic with respect to input/output devices typically refers to some physical 
sensation provided directly back to the user’s hand or fingers via force feedback in the 
form of vibration or resistance.   

In addition to force feedback, some haptic devices, such as the VRM, provide 
kinesthetic feedback to the user. The VRM provides the user with a sense of relative 
cursor position on the screen by physically restricting mouse and user hand 
movements to a planar workspace on the physical desktop corresponding to a fixed 
frame of reference on the computer screen.  With a traditional mouse, the user can 
pick the mouse body up and reposition it when it gets to the edge of the mouse pad.  
With the VRM, the mouse is mounted on a sliding metal arm that is attached to a rail 
housed in the VRM control box.  In addition to the kinesthetic feedback, the VRM 
can deliver force feedback via servomotors that create the sensation of increased 
friction and gravity wells as the mouse passes over screen widgets such as icons or 
window "edges" [3].   The VRM was originally developed to aid blind and low-
visioned users in accessing and interpreting GUI interfaces. Given that devices such 
as the VRM are relatively new to the marketplace, the potential impact they can have 
in terms of user performance for sighted users is not well understood.   

Akamatsu and Sate report that the addition of tactile and force feedback shortens 
reaction time in a target selection task [4].  However, in their study the sole task of the 
user was to perform the target selection task.  The benefits of tactile and force 
feedback as a way to reduce visual load were not specifically tested.  More recently, 
Oakley and colleagues investigated the use of the PHANToM® haptic device as a 
potential interface for reducing visual load [5].  They hypothesized that by 
augmenting a regular desktop interface with haptic effects participants would be able 
to perform scrolling and reading tasks faster, with fewer errors, and with less 
workload than without the haptic effects.  While they did not find any significant 
differences in terms of their objective measures (time and error), their participants did 
report experiencing a reduced workload with the haptic effects.   In both of the studies 
cited, the focus was on the effects of haptic feedback and additional modes of 
feedback, such as auditory cues, were not included in the investigation.  

While haptic interfaces are still in their infancy, we have had the ability to include 
auditory feedback in computer-based tasks for some time. The fact that one can attend 
to auditory feedback without having to look at the screen suggests that strategically 
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used auditory cues should allow a user to visually monitor one task while attending to 
the auditory feedback of another.  Surprisingly, there has been little in the way of 
fundamental research which clearly demonstrates that the addition of auditory 
feedback significantly enhances everyday computing tasks. It has been suggested that 
simple musical sounds (e.g. tones) can be used as non-speech "earcons" to help users 
navigate through computing space [7].  While it is certainly possible to provide 
auditory feedback in most computer-based tasks, it is not clear whether adding sound 
will necessarily enhance or hinder performance, especially if it is combined with 
haptic feedback. Brewster and his colleagues investigated whether sound could be 
used to help users overcome the common problems of overshooting or slipping off of 
GUI buttons in point-and-select tasks [8]. They found error recovery to be 
significantly faster when the sonically enhanced buttons were used over standard GUI 
buttons.  In addition, measures of perceived workload suggested that participants 
preferred the sonically enhanced buttons to standard ones.  While this would suggest 
that auditory feedback does enhance computing tasks, Brewster did not include haptic 
feedback as part of the investigation. 

Based on a review of the literature, there is some evidence that haptic and auditory 
feedback may enhance user performance.  However, this evidence is provided by 
studies that examine either one or the other mode for providing feedback, and not 
both.  And yet, the pundits suggest (without clear empirical evidence) that 
combinations of multi-modal feedback will enhance user performance in everyday 
computing [1].   

Currently, the combination of haptic and auditory feedback is more likely to be 
used in gaming and simulation applications, or as sight-substitution aids for visually 
impaired users. Combining haptic and auditory feedback has been shown to improve 
selection performance for blind and ‘visually occupied’ users [6].  However, such 
studies tend to focus on the use of multi-modal feedback as a substitution for visual 
feedback rather than as a supplement to existing visual feedback. In gaming and 
simulation applications, contributions made by haptic and auditory feedback to actual 
user performance may be of less importance than the user’s perception of 
improvement (often driven by the «WOW» factor). For example, Microsoft’s 
Sidewinder  joystick provides force feedback to supplement computer-graphic 
action games that already come with realistic sound effects, and Logitech’s 
Wingman  Force Feedback Steering Wheel allows players to «feel» the road and 
obstacles in PC-based driving simulation games.  Empirical studies demonstrating the 
improvement in gaming performance due to combined auditory and haptic feedback 
are lacking. 

However, not all computing is gaming and many computer-based jobs carried out 
by visually impaired and sighted users require multi-tasking. From a software and 
interface design perspective, we would like to know that the inclusion of haptic and 
auditory feedback features actually serves to enhance user performance rather than to 
degrade it.  It is the potential enhancement that haptic and auditory feedback can 
make to everyday computing that was the motivation for this research.   As a 
preliminary step in tackling such design issues, an empirical study was carried out.  
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3 Selecting an Everyday Computing Task 

The first challenge for this study lay in deciding upon a task that would be 
representative of a subset of everyday computing – as opposed to more dynamic 
gaming or simulation activities.   By «everyday» we mean tasks that incorporate the 
basic actions that are part of most workplace computing activities (e.g. transcribing, 
pointing, selecting, monitoring, acknowledging, etc). In order to maximize the 
opportunities for alternative modes of feedback to enhance performance and minimize 
the user's sense of workload, we needed a task that would require a fair amount of 
visual and mental attention. At the same time, the task needed to be fairly basic so 
that the users would not require a great deal of familiarization or training.   

Capitalizing on the work of Brewster and others, we decided to focus on point-and-
select tasks, as they tend to depend heavily on visual feedback to ensure that the 
cursor is positioned over the appropriate target before it is selected.  Point-and-select 
tasks have been shown to benefit from auditory feedback [7] and haptic feedback [5].   
One activity that allows for a common point-and-click interface is the entering of 
calculations on an online calculator.  The reading and transcribing of basic 
mathematical formulas is not language dependent, and thus reduced concerns one 
might have about participant reading levels and typing speeds that would be 
associated with a text transcription task.  

In order to provide opportunities for auditory and haptic feedback, a "Feedback 
Calculator" application was developed in C++ [9]. The calculator interface was built 
to resemble the basic calculator interface found in most Windows-type applications.  
It was programmed so that the calculator buttons could be felt when using the VRM 
with the force feedback effects turned on.  Passing over a calculator button gives the 
sensation of being drawn into a gravity-well.  The user then has to push against the 
force to move the mouse off of the button.   In addition, each button was programmed 
to produce a distinct sound when the auditory feedback was turned on. 

The basic task was to have participants read a mathematical equation from a 
separate window located on the screen and then to enter that equation into the 
calculator as quickly and accurately as possible. Monitoring of time to complete task 
and errors, in terms of incorrect selections, were automated through the Feedback 
Calculator program. To lessen reaction time bias the stimuli, in the way of 12-
character mathematical formulae, could be randomly generated such that users could 
not predict consecutive character sequences as one might be able to with the reading 
and typing of words or sentences.  

Since the calculator task itself was fairly rudimentary, we recognized that 
alternative feedback might not significantly enhance performance.  We hypothesized 
that the auditory and haptic feedback may play a greater role in enhancing 
performance if the user must visually monitor more than one task. In order to simulate 
the situation when a user is trying to monitor more than one application at a time, we 
drew upon work by Sellen and her colleagues [10].  They compared the effectiveness 
of kinesthetic feedback via a foot pedal with visual feedback and asked participants to 
monitor numbers on an adjacent computer screen while performing a text-editing task 
on the main screen.  Participants were to type in the number that appeared on the 
adjacent screen whenever they heard a randomly timed beep.  As we were 
investigating the effects of auditory as well as haptic feedback, we were unable to 
provide an auditory cue for secondary monitoring.  Instead, we had participants 



Does Multi-modal Feedback Help in Everyday Computing Tasks?      255 

monitor a secondary screen and acknowledge when they noticed the letter on the 
screen change to one of the three possibilities (a, b, or c).  Arguably, this made the 
dual task situation more difficult than the one used by Sellen, as the participants had 
to remind themselves to multi-task – which is the more typical case in the workplace.  
Further details of the empirical study are described below.  

4 Method  

4.1 Participants 

Thirty students (16 males, 14 females) were recruited from the University of Waterloo 
to participate in the study. The criteria for inclusion in the study was self-reported 
experience with any Windows 3.1 applications or higher, proficiency with a mouse-
input device, having good vision with or without corrective lenses, and no hearing 
difficulties. Three of the participants were left-handed and the rest were right-handed. 
None of the participants had any previous experience with the VRM. All participants 
were paid $10 for participating in the study that lasted approximately 1 hour.  

4.2 Experimental Design 

This study used a 3X(2X2) mixed design with Mouse Feedback Group (Control, 
Kinesthetic Feedback, Kinesthetic and Force Feedback) representing the between-
group factor, and with Sound (On, Off) and Task Level (Single, Dual) representing 
repeated measures. All participants were randomly assigned to one of three mouse-
feedback groups: standard Logitech  mouse (Control C non-haptic condition), haptic 
VRM with no force feedback (Kinesthetic K condition); and haptic VRM with force 
feedback  (Kinesthetic and Force Feedback KF condition). While the specifics of 
mouse feedback varied between groups, the basic approach and methodology 
remained the same. All participants experienced both task levels (Single Task, and 
Dual Task) and for each task level there were sets of trials with auditory feedback 
(Sound On) and without auditory feedback (Sound Off). All participants did the 
Single Task trials first followed by the Dual Task trials. In each Mouse Feedback 
group, the order of auditory feedback trials was balanced with half of the participants 
experiencing the auditory feedback first followed by the Sound Off condition. 

4.3 Equipment, Procedures, and Measures 

The "Feedback Calculator" Application and the secondary monitoring tasks were 
presented on two separate monitors set side-by-side and linked to two IBM 
compatible PCs. The auditory feedback was provided through a head set and the 
volume was adjusted to a level of comfort for the participant.  The Control (C) group 
used a regular three-button Logitech™ mouse, while the other two groups used a 
Virtual Reality Mouse™ (VRM).  In the kinesthetic and force (KF) feedback 
condition, the force feedback feature of the VRM was turned on, and it was turned off 
in the kinesthetic feedback (K) condition. All participants used their preferred hand to 
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manipulate the mouse. The Feedback Calculator interfaced with the VRM such that 
force feedback was activated when the mouse cursor passed over the calculator 
buttons.  In the same way, the Feedback Calculator interfaced with the VRM and 
regular mouse such that auditory tones representing a tonal scale were also mapped to 
the calculator buttons.  To suggest numerical increments (i.e. 0 to 9) a tone equivalent 
to middle C on a piano was selected for the number 0 and was increase by a full tone 
for each successive number up to 9.  To reduce any advantages of musicality, the 
tones associated with the number keys were roughly equivalent to the sound produced 
by rubber bands stretched taut and then plucked.  The sounds associated with the 
basic arithmetic function keys were more distinct (e.g. a ding for the Equals key).   In 
the Sound On condition, the appropriate tone was played whenever the cursor passed 
over a button. 

Participants performed four blocks of trials, one for each of the repeated conditions 
(Sound by Task Level). In the Single Task blocks, participants were asked to enter a 
series of mathematical expressions and find the answers using the Feedback 
Calculator. Six different equations were included in each trial.  For the Dual Task 
condition, participants were asked to perform a secondary-monitoring task 
concurrently with the equation-entering task. Three target letters (a, b, or c) were 
presented one at a time on a second monitor to the left of the primary task monitor. 
Three directional arrow keys on the keyboard were assigned to each of the letters. 
Participants were instructed to press the appropriate key with their non-preferred hand 
whenever they noticed the target letters change.   

Speed and accuracy on the primary task were the performance measures recorded 
for each participant. Total errors per trial were calculated by summing the number of 
incorrect button clicks and the number of mouse clicks that were made over non-
button areas of the Feedback Calculator window. After each condition, participants 
were administered the NASA TLX index for subjective mental workload.  The NASA 
TLX consists of six linear rating scales: Mental demands, Physical Demands, 
Temporal Demands, Effort, Own Performance, and Frustration. The scales display a 
value from 1 to 100 (or percent value) for low to high respectively (with exception for 
rating of Own Performance that was from 1 to 100 for good to poor respectively).  An 
overall composite score for mental workload is created from the six individual scales 
[10]. Once all four conditions were completed participants were asked to complete a 
usability questionnaire.  The usability questionnaire used a series of 6-point scales to 
assess how well the mouse and the sounds helped in detecting the buttons on the 
calculator and in detecting any mistakes made when entering the equations. 

5 Results 

One concern with timed trials is that participants will trade off accuracy for speed.  To 
check for such trade-offs, linear correlations were calculated for time and errors.  
None were found to be significant. While the performance measures are not clearly 
independent, we can view them as contributing different pieces of information to the 
understanding of the effects of feedback on performance. Table 1 presents the mean 
and standard deviations for trial times and error rates for each block based on Mouse-
Feedback group and trial specifications. 
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Table 1. Means and Standard Deviations for Trial Times and Errors 

Average  Trial Time per Condition 
in seconds  

(standard deviations) 

Average Number of 
Errors per Condition 
(standard deviations) 

Single Task Dual Task Single Task Dual Task 

 
 
Mouse  
Feedback  
Group 

Sound 
Off           On 

Sound 
Off          On 

Sound 
Off             On 

Sound 
Off              On 

Control 
N = 10  

36.6 
(4.0) 

37.7 
(3.6) 

53.8 
(9.4) 

50.3 
(9.9) 

1.5 
(1.9) 

1.8 
(2.7) 

2.8 
(2.8) 

3.2 
(4.7) 

Kinesthetic 
N = 10 

38.9 
(7.7) 

41.0 
(5.2) 

54.9 
(9.2) 

56.8 
(9.4) 

1.7 
(1.5) 

1.7 
(1.4) 

2.2 
(1.8) 

2.0 
(1.3) 

Kinesthetic 
& Force 
N = 10 

37.9 
(4.3) 

38.7 
(4.3) 

48.6 
(5.0) 

52.3 
(9.1) 

0.9 
(1.0) 

0.8 
(1.0) 

1.4 
(1.7) 

1.9 
(1.4) 

 
For average time to complete trials, a significant three-way interaction (Mouse-

Feedback Group by Task by Sound) was found [F (2,26) = 3.91, p < 0.03]. As 
expected, the dual task was found to be significantly more challenging than the single 
task on all measures for all Mouse-Feedback groups (p < 0.01).  Thus, the tasks 
appeared to be successful in representing two different levels of cognitive workload.  
In the Single Task conditions, time to complete trials did not appear to be 
significantly affected by auditory feedback for any of the three Mouse-Feedback 
groups. It is interesting to note that in all three groups, the times to complete trials 
were actually slightly faster for the conditions without auditory feedback.  However in 
the Dual Task condition, the KF group was the fastest in the absence of auditory 
feedback, while the control group appeared to benefit the most from having the 
auditory feedback. 

Similar to the analyses for Average Time, a three-way ANOVA was carried out for 
Error rates.  However, none of the analyses revealed significant results (p > 0.05).  
This may be due to the simplicity of the primary task such that the participants made 
relatively few errors under any of the conditions. 

5.1 Subjective Workload and Usability 

The subjective workload ratings were compared across Mouse-Feedback group and 
condition. Table 2 presents the means and standard deviations for subjective workload 
ratings.  

Table 2. Means and Standard Deviations for Overall Workload Ratings 

Overall Workload Rating 
1 (low) – 100 (high) 

Single Task Dual Task 

 
 
Mouse Feedback  
Group Sound OFF Sound ON Sound OFF Sound ON 
Control 68.3 (16.4) 44.9 (14.6) 72.0 (10.1) 52.4 (15.7) 
Kinesthetic Only 62.3 (15.0) 34.3 (10.8) 69.8 (15.7) 37.3 (14.0) 
Kinesthetic  & Force 65.7 (14.6) 41.9 (14.5) 72.7 (11.4) 45.7 (16.1) 
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Auditory feedback had a significant effect on perception of workload [F(1, 26) = 
123.99, p < 0.001]. Under both the single and dual task conditions, participants rated 
total workload lower when the auditory feedback was available.  There was little 
difference between the groups in terms of workload ratings in the Dual Task 
Condition.  All groups rated the Dual Task as having higher workload than the Single 
Task condition.  For the Single Task condition, when auditory feedback was present 
the K group rated workload significantly lower than the C group (p < 0.045) and 
marginally lower than the KF group. While for the most part the groups did not differ 
significantly in terms of overall workload ratings in the dual task conditions, there 
were differences when the physical demand scale was examined.  When auditory 
feedback was turned off, the ratings for physical demands of the task were 
comparable across the mouse feedback groups.  However, an interesting pattern of 
results emerged when auditory feedback was turned on (See Table 3). 

In both the single task and dual task conditions, the KF group had the highest 
ratings for physical demands. This was most likely due to the physical experience of 
overcoming resistance when moving the mouse.  The physical demands ratings were 
significantly higher than the K group when the sound was on in the single task (p < 
0.01) and the dual task (p < 0.02).  As well the physical demands ratings were 
significantly different from the C group when the sound was on in the single task (p < 
0.04).  When the sound was off, both the C and K groups increased their ratings of the 
physical demands of the task.  It is not clear why the presence of sound would lower 
the perception of physical demands. 

At the end of the study, all participants were given a final questionnaire in order to 
evaluate their ability to detect mistakes because of the feedback experienced, as well 
as to provide subjective and qualitative feedback about the impact of the equipment 
and the sounds used. Participants were asked to rate their ability to detect mistakes 
they made because of the feedback from the mouse. The K group (Mean = 3.5) rated 
their input device slightly higher than the KF group (M = 3.2) and significantly higher 
than the C group (M = 2.4) [t(9) = -2.51, p < 0.03].  Participants were also asked to 
rate their ability to detect mistakes because of the feedback from the sounds. 
Participants in the KF group (3.7) generally rated the sounds as being more useful 
when compared to the ratings of the K group (M = 2.8) and C (M = 2.9) groups [t(17) 
= -2.55, p < 0.02].  Not surprising, there was a significant difference between the 
groups in terms of their perception of ease of movement of the mouse [F(2,26) = 16.2, 
p< 0.001].  The C group gave the highest rating for ease of movement (M = 4.4), 
followed by the K group (M = 3.9), and the KF group (M = 2.3). 

Table 3. Means and Standard Deviations for Physical Demands Ratings 

Physical Demands Rating 
1 (low) – 100 (high) 

Single Task Dual Task 

 
 
Mouse Feedback  
Group Sound OFF Sound ON Sound OFF Sound ON 
Control 44.5 (19.2) 37.0 (24.7) 48.5 (16.7) 33.0 (26.3) 
Kinesthetic Only 45.0 (19.6) 28.0 (18.1) 42.5 (23.8) 30.5 (18.0) 
Kinesthetic  & Force 60.0 (22.6) 57.8 (27.4) 62.8 (27.4) 60.6 (26.8) 
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6 Discussion 

The significant three-way interaction for time to complete trials along with the results 
from the participant’s self-reports on workload and usability presents an interesting 
pattern of results.  To address the question of whether the addition of auditory, 
kinesthetic, and force feedback enhanced the primary task (i.e. the calculator task), we 
will look at the feedback modes separately and in combination, and for each of the 
single and dual task conditions. 

6.1 Multi-modal Feedback and Single Task 

When participants only had to focus on the primary task, the addition of auditory 
feedback helped to significantly lower perceived workload, even though it did not 
improve performance in terms of time to complete trials or error rates.  In fact the 
means for trial time and errors actually increased slightly for all three mouse feedback 
groups – although not significantly.  It may be that the sound served as a source of 
confirmation that the correct button was about to be selected. While such auditory 
confirmation might reduce cognitive load of visually checking correct selection, it 
may serve to increase trial time as the user processes and acknowledges the 
confirmation before moving on to the next entry. 

The addition of kinesthetic feedback alone and in combination with force feedback 
did not improve performance over the traditional mouse condition.  Although not 
significantly different, time to compete trials took slightly longer with this additional 
feedback over the non-haptic feedback condition.  However, in the absence of 
auditory feedback, ratings of overall workload and physical demands were 
significantly less for the kinesthetic condition when compared to those for the 
traditional mouse condition.  In the kinesthetic condition, the mouse movements map 
directly to the cursor position on the screen.  Thus, participants did not have to lift, 
reposition, and reorient the mouse as one might with a traditional mouse when the 
edge of the mouse pad or desk is reached.  This may have contributed to the 
perception of reduced workload for the kinesthetic condition.  This advantage may 
have been reduced in the kinesthetic and force feedback condition, as those 
participants had to exert additional physical energy to overcome the force effects.   

6.2 Multi-modal Feedback and Dual Task 

As was the case with the Single Task, the addition of auditory feedback reduced the 
perception of workload for all mouse feedback conditions in the Dual Task.  While 
the groups did not differ significantly in terms of mean performance times, the pattern 
of results for the dual task is worth discussion.  In the single task condition, the group 
in the non-haptic condition had the fastest mean times on the point-and-select task 
(with and without auditory feedback).  However, once participants were required to 
monitor a second visual display, the group receiving kinesthetic and force feedback 
had the faster mean times in the absence of auditory feedback.  This pattern changed 
once auditory feedback was added.  With the sound effects turned on for the 
calculator task, the group using the traditional mouse had the faster mean times 
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(improving upon their mean time from the sound-off condition), while both haptic 
feedback groups showed a degrading of mean trial time. 

The group receiving both kinesthetic and force feedback rated the physical 
demands of the mouse condition as being significantly greater than the other groups 
when auditory feedback was present. It is curious that the same group gave higher 
ratings to the auditory feedback in terms of enhancing error detection in the primary 
task than did either of the other two groups. 

6.3 Does Multi-modal Feedback Help? 

Including kinesthetic, force feedback in a single task did not seem to enhance or 
degrade performance on the point-and-select task when compared to that achieved 
with a regular mouse. However, including kinesthetic feedback alone seems to lessen 
the perception of workload and enhance perception of error detection for the point-
and-select task.  Including kinesthetic and force feedback appears to enhance 
performance in tasks that require high levels of visual monitoring, especially if 
auditory feedback is not present.  Correspondingly, the groups that did receive the 
kinesthetic and force feedback rated their devices as being more useful in helping 
them detect errors than did those who used the regular mouse.  This is interesting 
given that the group that experienced the force feedback consistently gave higher 
physical demands ratings than did the other groups.  These findings are similar to that 
reported by Oatley et al [4]. In their study, including haptic effects did not enhance 
performance above that of the non-haptic condition.  However, as in our study, their 
participants reported that the presence of the haptic effects made it seem like the 
workload was reduced. 

From a user's perspective of workload, adding sound makes both a single and dual 
task seem easier and adding kinesthetic and force feedback makes error detection 
seem easier.   From a task performance perspective, it would seem that adding 
auditory feedback to a dual visual task situation enhances performance if the user has 
a regular mouse.  If auditory feedback is not present, then including kinesthetic and 
force feedback enhances performance on visual tasks.  The design challenge lies in 
deciding which should take precedence, the performance outcomes or the users' 
subjective assessments.  From a consumer's perspective is it worth it to have feedback 
included that makes you think you are doing better on a task even when you may be 
doing worse?  From an industrial health perspective, if the operator believes that the 
device is reducing workload then it is may be worth it. 

Empirical research into the true enhancement effects of multi-modal feedback on 
human performance needs to continue.  We know that a user's subjective assessment 
of the effectiveness of non-visual feedback may not match the user's actual 
performance on the task.  We know that subjective assessment may be more favorable 
towards the feedback source than might be warranted given performance outcomes.  
Some of the positive assessments of the auditory and haptic feedback may be due to 
the relatively short periods of time that the participants experienced the feedback, and 
the fact that they did not have direct knowledge of their performance in terms of trial 
times and errors.  We do not yet know how influential such favorable impressions 
may be if users are given the opportunity to self-select the combination of multi-
modal feedback they believe enhances their performance, especially over extended 
periods of time. In the gaming industry, a consumer’s perception that a multi-modal 
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feedback device will enhance performance is more likely to drive the purchasing of a 
device than whether it actually enhances performance. It is not clear whether the same 
adoption of multi-modal feedback technology would occur with the business or home 
computing industry without empirical evidence of performance enhancement. Further 
research needs to explore whether users would elect to have multi-modal feedback 
included in demanding tasks if they believe it will enhance performance, even if it 
could be to the detriment of overall task performance. 

To date, few published studies have reported empirical investigations into the 
effects of haptic feedback in conjunction with auditory feedback for single and dual 
visual tasks. It should be kept in mind that this research is limited in terms of the 
generalizability of the task.  While it did involve components of transcription, 
selection, and secondary monitoring, it did not involve menu selection, navigation, 
and text or database entry, which are also basic components of everyday computing 
tasks.  Thus it is not clear if computing tasks that go beyond simple target selection 
will truly benefit from the addition of auditory and haptic feedback.  Work needs to 
continue to explore and build upon research involving the combination of modes of 
feedback if we are to realize the potential of multi-modal feedback interfaces for 
everyday computing tasks. 
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Discussion 

P. Gray: Your audio feedback had a particular semantic component. Did your force 
feedback component? 
C. MacGregor:  No, although the VRM gives relative position information. 

 
P. Gray: It seems your users got a better sense of their performance from the audio 
feedback but more actual help from the haptics. Could it be this difference influenced 
the difference in performance and subjective results? 
C. MacGregor:  Yes. Work needs to be done to understand what it is about the audio 
feedback that generates positive ratings from users. 
 
J.Höhle:  At last year's British HCI, someone recorded stress measures using galvanic 
skin response. Did you consider this? 
C. MacGregor:  No. We chose to use the NASA TLX because it was easily available 
and has been widely used in other studies. 
 
H. Stiegler: I can imagine many tasks where I would like to have some feedback to 
help me prevent errors. And since everything is flat, you get no feedback. Perhaps 
your task is too simple to get good results? 
C. MacGregor:  It may be that as the task becomes more complex that some of these 
feedback features will be of more help; this research is really just a first step. 
 
K. Schneider: You suggest that your research has raised many open questions. Which 
area would you think is most important to address next? Have you considered 
working with visually impaired people? 
C. MacGregor:  We have considered visually impaired, although we're not planning 
on working on that right now. We're more interested in whether novelty was a 
significant issue, and in how users will behave if we allow them to self select whether 
they want audio or haptic feedback. 
 
S. Greenberg: Is there a danger of 'throwing the baby out with the bath water' because 
of these somewhat neutral results? I can think of many tasks that are not target 
acquisition that might benefit from force feedback.  
C. MacGregor:  I'm currently working with a company in Waterloo that builds 
immersive virtual reality systems like walk-in caves, etc. The company needs to 
suggest input devices to its customers. We're working on an experimental protocol to 
figure out which of these devices makes the most sense under what conditions. 
 
L. Nigay: You're using multiple modalities, but all are conveying the same 
information. Have you considered using different modalities for different tasks. 
C. MacGregor:  Yes. For example we've used auditory progress bars in dual task 
capabilities with some interesting results. In this experiment for the dual task effect 
we had expected that the force auditory feedback would allow the users to more 
effectively split their attention.  


	Does Multi-modal Feedback Help in Everyday Computing Tasks?
	1 Introduction
	2 Providing Multi-modal Feedback in Computing Tasks
	3 Selecting an Everyday Computing Task
	4 Method
	4.1 Participants
	4.2 Experimental Design
	4.3 Equipment, Procedures, and Measures

	5 Results
	5.1 Subjective Workload and Usability

	6 Discussion
	6.1 Multi-modal Feedback and Single Task
	6.2 Multi-modal Feedback and Dual Task
	6.3 Does Multi-modal Feedback Help?

	References
	Discussion


