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Is the Trackball a Better Input Device for the Older
Computer User?

Alex Chaparro,1,3,4 Michael Bohan,1,3 Jeffrey Fernandez,2,3 Bheem Kattel,2,3 and
Sang D. Choi2,3

This study investigated age-related differences in user performance and preferences us-
ing two widely available computer pointing devices, a mouse and trackball. Participants
acquired on-screen targets of varying distance and size using point-and-click and click-
and-drag motions. It was found that older adults took longer to complete movements than
younger adults and did so to a greater extent for large amplitude movements, but that their
movements were less variable. There was no age difference in movement time or variable
error between the two devices. It has been hypothesized that the findings reflected the adop-
tion of a device independent movement strategy by the elderly designed to compensate for
age-related declines in motor control. Analysis of muscle activity (RMS) of the forearm
flexor and extensor showed no age-related differences in muscle activity. Ratings of per-
ceived extertion revealed that older adults reported higher levels of exertion than younger
adults using the mouse during click-and-drag motions. In light of findings demonstrating
that older adults have lower strength, this finding implies that the mouse requires a greater
percentage of the elderlys' maximum force. These results taken together suggest that the
trackball may be a better device for the elderly computer user especially when performing
frequent, repetitive actions for prolonged periods of time.

KEY WORDS: aging; computer pointing devices; elderly.

INTRODUCTION

The population of Americans over the age of 65 has increased by more than ten-
fold during this century (1). This age group represents the fastest growing segment of the
American population. It is estimated that by the year 2020, older Americans will number
approximately 53 million. As a group, this cohort will live longer and have longer pro-
ductive careers due to increases in longevity and the elimination of mandatory retirement.

1Department of Psychology, Wichita State University, Wichita, Kansas.
2Department of Industrial and Manufacturing Engineering, Wichita State University, Wichita, Kansas.
3National Institute for Aviation Research, Wichita State University, Wichita, Kansas.
4Correspondence should be directed to Alex Chaparro, Department of Psychology, National Institute for Aviation
Research, Wichita State University, Wichita, Kansas 67260.
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But because they will work longer they will also face more advanced declines in sensory,
cognitive, and motor capacities during their careers. In spite of its obvious importance, we
know relatively little about the effects of age-related changes on the work life of the elderly.

One important issue facing the older worker is that most jobs involve the use of some
form of computer technology. Indeed, it has been estimated that by the year 2000, 75% of
the work force will use a computer in some capacity or another (2,3). It is essential therefore
that researchers and designers understand how age-related changes affect computer use, so
that appropriate measures can be taken to ensure the comfort, safety, and productivity of
older adults who will utilize current and future computer technologies.

Recently, investigators have addressed a number of issues related to computers and
aging including: mental workload (4), performance while doing text editing tasks (5),
and attitudes of older adults toward computers (6). One area which has received only
scant attention is how aging impacts the use of computer input devices. During human-
computer interaction (HCI), input devices such as the mouse or trackball represent the
primary means through which persons interact with the system. In fact, it has been estimated
that in windows-type environments, some 30–65% of the operator's time involves active use
of these devices (7). It is the ability to efficiently communicate one's goals and objectives
to the computer through these devices that will determine the success of this interaction.

Aging is marked by changes in motor control that may be expected to affect the use
of computer pointing devices. The most frequently reported of these changes are that older
adults are slower than their younger counterparts in making the same movements (8), and
that they exhibit greater difficulty in making fine motor adjustments (9).

A number of explanations for the poorer motor performance of older adults have been
put forth: (i) age is accompanied by a decline in the efficiency with which an individual
can process sensory feedback for guiding movements (10); (ii) elderly adults are more error
averse and thus strategically trade-off movement speed for accuracy (11); (iii) increasing
age is accompanied by a greater noise-to-force ratio in the generation of movements (9,12).
This latter hypothesis is based on the assumption that there is noise associated with the
generation of motor signals and that the degree of noise associated with a movement is
directly related to the level of muscle force exerted. That is, greater force yields more noise.
Older adults are thought to have a higher noise-to-force ratio, such that at any given level
of force the resulting noise will be greater than that of a younger adult. Consequently, in
order to maintain the same level of accuracy as their younger counterparts the elderly must
reduce their force output.

Studies examining the effects of age-related declines in motor control on the use of
computer pointing devices, although limited, have reported findings which parallel those
obtained in the investigation of basic processes of motor control (13-15). That is, the
elderly are less accurate and move more slowly than their younger counterparts across
a number of input devices (i.e., mouse, light pen, and remote mouse). It remains to be
determined, however, which if any of the devices confers greater benefit to the elderly user.
In one study, Charness et al. (13) compared older adults' use of a mouse vs. a lightpen,
and found performance to be better with the lightpen. However, the lightpen is not readily
encountered by most computer users. The two most common devices, particularly for use in
windows type environments, are the mouse and trackball. Therefore, the goal of this study
was to investigate age-related differences in performance and preferences using these two
devices.



Fig. 1. Pictorial representation of the reciprocal movement task
showing the cursor and two targets as a function of time (T1

and T2).

METHODS

Participants

Ten younger (mean age = 31) and ten older (mean age = 67) volunteers were tested.
All of the participants reported being right-handed, having experience with the use of the
mouse, and having normal or vision corrected to 20/20.

Materials

The apparatus used in this experiment included: two Microtech 66 MHz personal
computers, two VGA display monitors (14-in diagonal screen with 640 x 480 pixels), a Mi-
crosoft two-button mouse, a Kensington Expert Mouse trackball, Fitts' Law Model Builder
Software (16), Motion control, Inc. ML-220 preamplified surface electrodes in conjunction
with data translation DT-2814 A/D board, and a Tektronix 2430A digital oscilloscope.

Tasks

Participants were asked to perform simple point-and-click and click-and-drag tasks
which are representative of the types of actions typically performed using input devices.
Figure 1 shows a schematic representation of the tasks. The point-and-click task required
the participant to move the cursor (indicated by the + sign) back and forth between the two
targets, selecting the target (indicated by the "x") each time with a button-down action.
The click-and-drag task required the participant to hold the button down while positioning
the cursor between the two targets, and select each target with a button-up action. The size
of the targets and the distance between them were varied.

Experimental Design

The study utilized a split-plot design with age (younger and older) as the between-
participants variable, and device (mouse and trackball), task (point-and-click and click-and-
drag), cursor-movement distance (96 and 192 mm), and target width (3 and 12 mm) as the
within-participants variables. The target size and distance were similar to those used by
other investigators (9).

Mouse vs. Trackball: Age Effects 35
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Procedure

Participants sat approximately 60 cm from the screen, with either the mouse positioned
for right-hand use or the trackball positioned for right-hand use with left-hand button sup-
port. Surface electrodes were placed on the forearm flexor and extensor of the right arm.
Participants were given a brief "warm-up" period to encourage familiarity with the device.
This was followed by the experimental testing. On the display participants viewed a cross-
hair shaped cursor and two rectangular targets of a specified distance and width. The task
involved moving the cursor from one target to the other in a reciprocal fashion. The experi-
ment took approximately 1 hour to complete. Each participant performed a total of 960 trials
(40 trials per each device times task times target distance times target width combination).
Device and task were counterbalanced, while target distance and width were randomized.

Performance measures were movement time and variable error (VE) for correct trials,
defined as the within participants standard deviation of the movement endpoint coordinates
around their own mean. VE is an index of variability in movement trajectory and has been
shown to be directly related to the amount of force exerted in a movement (17). In addition,
electromyography (EMG) recordings of muscle activity (RMS) in the forearm flexor and
extensor, were obtained.

Each condition, was followed by a 3-minute rest period during which the participant
was asked to complete a ratings of perceived exertion (RPE) (18), and an evaluation survey
on ease of use and preference for device. The body part discomfort survey asks participants
to rate discomfort is specific body parts on a 3-point scale (1—just noticeable discomfort,
2—moderate discomfort, 3—intolerable discomfort). Only responses for the hand, wrist,
and forearm are reported here. The evaluation survey was a 5-point scale corresponding to
the participant's evaluation of the apparatus (mouse or trackball). The questions covered
topics such as ease of use, productivity, and daily use. At the end of the experiment, the
participant was asked his/her device preference for each of the tasks.

Data Analysis

Separate one-between, four-within split-plot AVOVAs were used to measure the effects
of age, device, movement distance, and target width on the dependent variables. Post hoc
analyses were performed using the Tukey-HSD procedure (p = .05).

RESULTS

Tables I and II show, respectively, the mean movement time and VE values as a
function of age, task, device, target distance, and target width. These results are also depicted
graphically to aid in interpretation of the tables. Tables III and IV show, respectively, the
mean EMG (RMS) and RPE values as a function of age, task, and device.

Age

Figure 2 shows mean movement time and VE as a function of age. Analysis of move-
ment time data revealed that the older participants took significantly longer to acquire
the targets than the younger participants [F(1,18) = 30.46, p < .001]. Moreover, they did
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Table I. Mean (SD) Movement Time Values (ms) as a Function of Age, Task, Device, Distance, and Width

Point-and-click
Distance Width
96 mm 3 mm

12 mm
192 mm 3 mm

12mm
Click-and-drag

Distance Width
96 mm 3 mm

12 mm
192 mm 3 mm

12 mm

Younger

Mouse

1273 (375)
833 (223)

1459 (279)
1076 (235)

1530 (282)
1160 (232)
1770(313)
1350(210)

Trackball

1515 (279)
1174 (268)
1851 (337)
1261 (161)

1708 (341)
1338 (170)
1997 (395)
1657 (179)

Older

Mouse

2254(712)
1544(608)
2743 (1250)
1754 (443)

2216 (626)
1690 (363)
2522 (659)
2151 (502)

Trackball

2151 (601)
1772 (1014)
2533 (575)
2089 (536)

2561 (1069)
2048 (568)
2891 (715)
2446 (891)

Table II. Mean (SD) Values for VE as a Function of Age, Task, Device, Distance, and Width

Point-and-click
Distance Width
96 mm 3 mm

12 mm
192 mm 3 mm

12 mm
Click-and-drag

Distance Width
96 mm 3 mm

12 mm
192 mm 3 mm

12 mm

Younger

Mouse

.062 (.08)
2.46 (.59)
.066(.11)
2.61 (.53)

.065 (.09)
2.30 (.44)
.067 (.11)
2.63 (.80)

Trackball

.062 (.06)
2.33 (.37)
.066 (.10)
2.58 (.38)

.062 (.09)
2.40 (.46)
.066 (.14)
2.44 (.53)

Older

Mouse

.058 (.14)
2.01 (.36)
.062 (.16)
2.18 (.31)

.065 (.13)
2.16 (.47)
.072 (.15)
2.31 (.41)

Trackball

.060 (.18)
1.94 (.56)
.056 (.16)
2.09 (.64)

.059 (.18)
1.74 (.53)
.065 (.15)
1.95 (.54)

Table III. Mean and Standard Deviation Values for RPE as a Function of Age, Task and Device

Point-and-click
Hand
Wrist
Forearm
Elbow
Upper arm
Shoulder
Neck

Click-and-drag
Hand
Wrist
Forearm
Elbow
Upper arm
Shoulder
Neck

Younger

Mouse

Mean

2.06
2.56
2.33
0.94
0.89
0.89
0.33

2.47
2.15
2.99
1.75
1.20
0.86
0.58

SD

1.13
1.72
1.30
0.88
1.36
1.36
0.50

.15

.78

.48

.24

.40

.17
0.74

Trackball

Mean

1.17
1.17
2.06
0.78
0.61
0.56
0.33

1.22
1.22
1.94
0.72
0.78
0.56
0.28

SD

0.97
0.83
1.24
0.79
0.96
0.68
0.71

0.62
0.91
1.18
0.83
1.09
0.73
0.44

Older

Mouse

Mean

2.30
2.25
2.75
1.55
1.45
0.80
1.30

2.50
2.60
2.75
1.05
1.67
0.85
1.60

SD

1.06
1.40
2.04
1.74
1.46
1.03
1.83

1.18
1.17
2.35
1.30
1.66
1.00
1.43

Trackball

Mean

1.60
1.40
1.90
0.80
0.80
1.00
0.90

1.70
1.45
1.90
0.95
1.05
1.05
1.20

SD

0.84
0.84
1.85
1.03
0.63
1.22
1.10

0.82
0.90
1.60
0.96
1.01
1.46
1.48
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so to a greater extent when moving to targets located at the further distance (192 mm)
[F(1, 18) = 3.46, p = .08]. However, analysis of the VE data indicated that the despite
being longer in duration, the older adults' movements were less variable than those of the
younger participants [ F ( 1 , 18) = 4.89, p < .05]. This difference was only significant for
movements made to the large targets (12 mm) [F(1, 18) = 7.99, p < .05].

Analysis of the EMG recordings of the forearm flexor and extensor muscles revealed
that both age groups exhibited higher RMS values for the flexor muscle than the extensor
muscle[F(1, 18) = 7.61, p < .05], but that there were no significant differences between the
two age groups (p = .20). However, the older participants did report significantly higher
RPEs than the younger adults when performing click-and-drag motions with the mouse
[F(1,17) = 4.66, p<.05].

Device

Movements made with the mouse were significantly faster than those made with
the trackball [F(1, 18) = 6.08, p < .05] (see Fig. 3). This effect was consistent across age
groups (p = .83). VEs did not differ significantly as a function of device (p =. 13).

Fig. 2. Mean movement time and VE values as a function
of age.

Table IV. Mean (SD) EMG-RMS Values (mV) for Flexor and Extensor Muscles as a Function of Age,
Task, Device

Point-and-click
Muscle
Flexor
Extensor

Click-and-drag
Muscle
Flexor
Extensor

Younger

Mouse Trackball

Older

Mouse Trackball

0.0319 (0.0025)
0.0221 (0.0018)

0.0317 (0.0017)
0.0216 (0.0020)

0.0318 (0.0013)
0.0232(0.0017)

0.0313(0.0012)
0.0233 (0.0028)

0.0322 (0.0029)
0.0219 (0.0019)

0.0315 (0.0017)
0.0221 (0.0019)

0.0334 (0.0022)
0.0234(0.0021)

0.0317(0.0047)
0.0239 (0.0033)



Fig. 3. Mean movement time (a), and VE (b) values as a function of device and age.

There a significant difference between devices on RPEs [F(1, 17) = 15.78, p < .01],
such that the mouse was reported to demand greater exertion than the trackball. Moreover,
the effects were greater in the forearm, wrist, and hand [F(6,102) = 3.52, p < .01]. There
was also a significant age by device by task interaction as reported earlier. Finally, EMG
(RMS) values were significantly higher for click-and-drag motions made with the mouse
[F(1,18) = 7.61, p<.05].

Task

Analysis of movement times revealed that click-and-drag motions took significantly
longer to complete than point-and-click movements [F(1, 18) = 8.57, p < .01]. This effect
was consistent across age groups (p = .72). There was no significant effect of task on VE
(p = .64), nor a significant age by task interaction (p = .52) (see Fig. 4). Click-and-drag

Fig. 4. Mean movement time (a), and VE (b) values as a function of task and age.

Mouse vs. Trackball: Age Effects 39
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motions also yielded higher EMG (RMS) and RPE values than point-and-click motions
when using the mouse (see Device).

Movement Distance and Target Width

Figure 5 shows the mean movement time and variable error values as a function of
target distance and target width. As can be seen the participants took longer to acquire
the small targets [ F ( 1 , 18) = 39.26, p < .001], and targets located at the further distance
[ F ( 1 , 18) = 86.53, p < .001]. Furthermore, the effect of movement distance was exacer-
bated by age, as reported earlier. There were no significant age differences in movement
time as a function of target size (p = .41).

Analysis of VE revealed that movements were also more variable for larger targets
[ F ( 1 , 18) = 633.53, p < .001], and targets located at the further distance [ F ( 1 , 18) = 20.82,
p < .001]. Furthermore, as reported earlier, movement variability for large targets was
greater for the younger group. Neither EMG (RMS) or RPE values differed significantly as
a function of movement distance or target width.

Fig. 5. Mean movement time (a and b), and VE (c and d) values as a function of target width, movement
distance,and age.



Preference Ratings

Survey results indicated that 75% of the users preferred the trackball over the mouse
regardless of age or task.

DISCUSSION

In summary, the results show that older adults were slower than younger adults per-
forming both the click-and-drag and point-and-click tasks and using both input devices.
Also, both age groups performed more slowly with the trackball. This result is consistent
with published findings on trackball use by younger adults (19). There are two potential
contributing factors which may explain this finding: (i) both groups of participants were less
experienced with the trackball, and (ii) the trackball may have required more manipulation
to obtain the target. The distance the cursor moves in a given manipulation depends on the
control display ratio (which was equivalent for the two devices) and where the user places
their fingers on the trackball. The initial position of the fingers will limit how far the user
can rotate the trackball before needing to reposition them and consequently how far the
cursor moves.

As was seen in Fig. 2 there is evidence of a speed-accuracy trade off whereby older
adults are slower but less variable than their younger counterparts. In contrast the younger
participants were faster but more variable. The strategy of trading off speed for accuracy
may have allowed the elderly to compensate for age-related declines in motor control. As
discussed earlier, it has been shown that older adults exhibit a greater noise-to-force ratio
which reduces their accuracy in making movements (14). Thus, in order to maintain the
same level of accuracy as their younger counterparts, they must move more slowly. Results
show that the older participants moved more slowly and thus were able to maintain a level of
accuracy as good as, or better (for large targets) than, their younger counterparts, providing
support for this hypothesis. Furthermore, this may represent a general strategy employed
when using either device and may explain why we find no differences in performance.
Future research should investigate further the issue of age-related changes in noise to force
ratio, and their effects on the use of different input devices.

Older adults in this study preferred the trackball over the mouse. This preference may
be related to the fact that the trackball was perceived to demand less physical exertion
during use. The older adults ratings of perceived extertion (RPE) were significantly higher
than those reported by the younger participants and higher for the mouse than the trackball.
Although, the EMG values show that both the elderly and younger participants produced
equivalent levels of muscle force during the movements these values represent a greater
percentage of the elderly participants maximum voluntary contraction (MVC) since it is
well known that muscle strength declines with age. For example, Mathiowetz et al. (20)
have reported that there is ~60% drop in grip strength by age 75 relative to age 25.

One implication of these findings is that older adults may be at a disadvantage when
using a mouse in tasks requiring its frequent and prolonged use. Its use may be associated
with an earlier onset of fatigue since its use requires a larger percentage of the older adults
MVC to manipulate. Additionally, some elderly may find the mouse more difficult because
its user requires a greater range of motion which frequently is limited in the older adult
population (20). More generally, the slower movement times of the older participants suggest
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that they may be at a particular disadvantage in tasks where responses or movements are
constrained by shorter time frames.

A number of different trackball and mouse designs are available to computer users.
Currently, we are comparing the performance of elderly using a number of these devices
including the Ergomouse and different types of trackballs. Furthermore investigations are
ongoing which study potential software solutions including dynamic adjustments of the
control display gain and alternatives to the point-and-click methods of selecting on screen
targets. Both of these approaches hold promise for improving the performance of older
computer users.

CONCLUSIONS

The overall results of the present experiment suggest that the trackball might be a better
device for the elderly computer user especially when performing tasks requiring frequent
and repetitive actions for prolonged periods of time. More generally the slower, movement
times of the older participants suggests that the older adult may be at particular disadvantage
when their responses are constrained by time.
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