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 Abstract - As the computer and internet generations age, 
there is an increasing need to develop appropriate interfaces for 
the elderly that can accommodate age-related changes in manual 
dexterity, visual acuity, and cognitive abilities. Assessment of age 
effects is typically a necessary first step in designing age-
appropriate interfaces, but assessment of age related effects may 
be complicated by a bias towards accuracy in the elderly or by 
other differences in how the tradeoff between speed and accuracy 
is handled by different people. In this paper, we attempt to 
investigate the effects of aging on performance difference in 
interacting with computer interfaces. An experiment was 
conducted to examine age related effects in a steering task. In 
order to assess the impact of a possible speed-accuracy tradeoff, 
performance was observed under three different instructional 
sets i.e., accuracy (A), neutral (N), and speed (S) when steering on 
a circular track. Experimental results showed that the elderly 
group performed significantly less accurately for all three 
instruction sets. The younger subjects were more influenced by 
instructions to perform faster, or with more accuracy. Cluster 
analysis of the empirical data individually for both the old and 
younger participants showed that variability among subjects was 
much greater in older users than younger users. Implications for 
user interface design for older users, and for the evaluation of age 
effects in HCI generally, are discussed. 
 

 Index Terms - Human performance, speed-accuracy tradeoff, 
user group, steering task, aging effects. 
 

I.  INTRODUCTION 

 In the past, elderly users have tended to have low 
computer literacy and design of information technologies for 
the aged has received little emphasis. However, the situation is 
set to change as the baby boomer generation reaches 
retirement age, where large numbers of retiring people, 
particularly in developed countries, will both highly educated 
and experienced computer users. In spite of their greater 
technical proficiency, baby boomers and subsequent 
generations will still be subject to the physiological and 
psychological changes that occur with aging, including 
reductions in manual dexterity, visual acuity, hearing 

sensitivity and cognitive complexity, etc., which affect control 
of user interfaces in particular [4], [20], [22].  

In order to meet the needs of aging computer users, novel 
interfaces are required for the elderly so that they can 
contribute to and function in a society that is increasingly 
dominated by information technology.  

In this paper, we attempt to investigate the effects of 
aging by a bias towards speed or accuracy in the elderly or by 
other performance differences in how the tradeoff between 
speed and accuracy is handled by different people. An 
experiment was conducted to examine age related effects 
under three different instructional sets i.e., accuracy (A), 
neutral (N), and speed (S) when steering on a circular track. 
The reason that we chose the steering task was that this was a 
task that has been extensively studied in past research, and as 
[2] pointed out, straight and circular steering tunnels are two 
basic and representative steering tasks in HCI. Examples of 
steering task in HCI include navigation through a cascade 
menu, drawing, writing, or steering through a 3D space, etc. 
These are also tasks that require fine motor control and where 
age effects may be expected to occur. According to the 
experimental results, implications for user interface design for 
older users, and for the evaluation of age effects in HCI 
generally are discussed. 

II.  RELATED WORK 

The study of age effects in HCI is complicated by a 
tendency for the elderly to focus more on accuracy at the 
expense of speed [17]. This suggests that potential speed-
accuracy tradeoffs [11], [21] need to be considered when age 
effects are examined in HCI.  

The research reported in this paper focuses on assessing 
age effects on a common HCI task in visual interfaces: 
navigating, or steering the cursor through a 2-dimensional 
tunnel, which can be modeled using steering law [1]. Many 
studies have been performed in the past on the verification of 
the steering law for various input devices [2], scales [3], and 
parameters of steering motion [10]. However, the participants 
in previous studies were young adults, mostly involving 
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students from universities. The present study sought to address 
this deficiency in the literature by providing findings on the 
effect of aging on the steering task, while also serving as a 
case study of how to examine the impact of speed-accuracy 
tradeoffs in HCI evaluations. 

Aging effects have been examined in other HCI tasks. 
For instance, it has been reported that older users position the 
cursor much more slowly than younger users and have great 
difficulty making targeted movements to small targets [19]. 
Novel interaction techniques have been proposed (e.g., use of 
proxy targets [9], area cursors and sticky icons [19]) to 
overcome this difficulty and improving the accessibility of 
user interface or web usability for older people. Other 
recommended changes to user interfaces involve changes to 
content aspects such as font type and size for enhanced 
legibility [5]. Moffatt et al. [12], [13], [14] conducted a 
controlled laboratory experiment to examine target acquisition 
difficulties across the lifespan (younger, pre-old, and old 
people) during two tasks: multi-dimension tapping and menu 
selection, and attempted to address these difficulties by using 
appropriate interactive techniques for older people. In 
addition, adaptive interface for older people or motor impaired 
person [6], [7], and systematic theory framework research for 
web design or user interface design [20] were also 
investigated. However, research investigating age related 
effects in steering tasks that also considers the possible impact 
of age-related differences in the speed accuracy tradeoff has 
yet to be carried out. The following experiment was designed 
to address that deficiency. 

III. EXPERIMENT 

A. Speed and Accuracy 
 In steering tasks, speed is typically represented by the 
time spent to accomplish a task, or movement time (MT). 
Accuracy may be measured as the standard deviation of 
sampled points in a trajectory made by a user, or by the 
number of points that are outside the specified area be steered 
within. We used both measurements for accuracy in this 
research. In this paper, the effect of three different 
instructional sets on performance in the circular steering tasks 
is contrasted for younger vs. older users. The following 
instructional sets were used: accuracy emphasis (A) where 
users were asked to focus on accuracy only; neutral (N) where 
users were asked to focus on both speed and accuracy; speed 
emphasis (S) where users were asked to focus on speed only. 
 
B. Participants 

12 younger participants (3 females and 9 males; 20 to 27 
years old, mean age 21.3; all right-handed), and 12 older 
participants (4 females and 8 males, 61 to 72 years old, mean 
age 65.8; all right-handed) were recruited to participate in this 
experiment. The younger people were students, and the older 
people were educated (two graduated from college, and others 
from middle school) and from a "Older People's Center". The 
older people investigated in this paper are healthy older people, 
who don’t appear disabled, but their functionality, needs and 
wants are different from those they had when they were 
younger [8].  
 

C. Apparatus 
The experiment was conducted on an IBM ThinkPad X41 

Tablet PC running Microsoft Windows XP tablet edition, 
using a stylus as input. The screen size was 12.1 inches 
(1024×768 pixels resolution). The experimental software was 
developed in Java 6.0. 

 
D. Task 

Fig. 1 illustrates the experimental task for both user 
groups. Users were asked to perform steering tasks in a 
circular tunnel from the start line to the end line. R was the 
radius of the circular tunnel and W was its width. The 
movement amplitude A was equal to the circle circumference 
2πR. 
    

 
 
 
 
 
 
 
 
 

 
Fig. 1 Circle tunnel steering. 

 
E. Design 
 The experiment used a mixed design. User group was the 
only between-subject factor with two levels (young vs. old). 
The three within-subject factors were: Amplitude (300, 600, 
800 pixels), Width (20, 30, 40, 50, and 60 pixels), and 
Instructional set (A, N, and S, as defined above). The direction 
of the circular steering task was clockwise. Similar designs 
were used previously [2], [3].  

Each subject repeated the experiment three times with the 
different instructional sets, i.e., A, N, and S. Instructions 
corresponding to each instructional set were given by the 
experimenter before each experiment. 

The order of the three instructional sets, A, N, S, was 
balanced using a Latin square. The order of the 15 amplitude 
and width combinations was presented in random order to the 
participants within each instructional set. Each subject 
performed 3 strokes for each Amplitude/Width combination 
within each instructional set of the circular steering tasks. 
Subjects completed the experiment in one session of about 30 
minutes. In summary, the experiment design involved 24 
subjects x 3 (tunnel amplitudes) × 5 (tunnel widths) × 3 
(strokes) × 3 (instructional sets) = 3240 for the total number of 
trials. 
 
F. Procedure 
 Warm-up trials were performed before each instructional 
set was used for the first time by each subject, leading to three 
sets of warm-up trials.  

For each trial, subjects were instructed to trace a circular 
path from the start line to the end line in one clockwise 
motion. The trajectory of the stylus’ movement was displayed 
in real time as feedback to users. The color of the trajectory 
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 R 
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was green if the stylus was inside the start area and had not 
entered the tunnel, blue if the movement of the stylus had 
crossed the start line and was inside the tunnel, and red if the 
stylus moved outside the path boundaries. Users completed the 
entire circle by passing the stylus across the end line from left 
to right, after which the tunnel disappeared. During this task, 
the tip of the stylus was required to stay in contact with the 
touchscreen. The same trial was repeated if the pen lifted off 
the touchscreen surface during this process. 

 
G. Measurements 
 The position of the stylus was sampled every 10 
milliseconds for each trial. The movement time (MT) required 
for users to trace the entire circle, from beginning to end, 
along with standard deviation (SD) of the distances from the 
center of the circular tunnel to the sampled points in pixel 
units, and the out of path movement (OPM), measured as the 
percentage of sample points outside the tunnel border were 
measured.   

IV.  RESULTS 

 Since the focus of this study was on the speed-accuracy 
tradeoff, the effects of amplitude and width are not reported 
below. The main effect of instruction set (as expected) was 
significant on movement time, SD, and OPM (p<0.001 in all 
the three cases), demonstrating that the subjects changed their 
performance in response to the instructions provided to them. 
In the following subsections the results of more detailed 
analysis will be reported. 
 
A. Movement Time (MT) 
 ANOVA analysis showed a significant interaction effect 
of age group and instruction set on movement times (F(1.25, 
44)=4.43, p<0.05)1, but no main effect of age group (p>0.05). 
As can be seen in Fig. 2, while movement times vary with 
instructional set for both age groups, the change is more 
dramatic for the younger group. 
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Fig. 2. Mean MT in instruction set A, N, and S for both older and younger 

user groups (with standard error bars). 
 
B. Standard Deviation (SD) 

                                                           
1 Note that non-integer values for degrees of freedom indicate that the 
sphericity assumption was violated and that the Huyn-Feldt adjustment to the 
effect degrees of freedom was used, as is recommended practice in such cases. 

ANOVA analysis showed no significant interaction 
between instruction set and age group on SD (F<1), but there 
was a significant main effect of Age group on SD 
(F(1,22)=4.94, p<0.05). On average the younger group was 
more accurate for all three of the instructional sets (Fig.3). 
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Fig. 3. Mean SD in instruction set A, N, and S for both older and younger user 

groups (with standard error bars). 
 
C. Out of Path Movement (OPM) 

ANOVA analysis showed no significant effect on OPM 
is found for user group (p >0.05). Mean OPMs for older and 
younger groups were 3.3% and 2.0% respectively. No 
significant interaction effect between instructional set and user 
group was observed (p >0.05). These showed that both older 
and younger users’ behaviours could equivalently follow the 
requirement (tunnel width) the task set. A significant 
interaction between instructional set and W was observed on 
OPM (F(8, 136) = 49.79, p <0.01) (Fig. 4). The effect of W on 
OPM is larger in condition S (when speed is the only concern) 
than that in condition A and N. 
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Fig. 4. OPM vs. W(Width) for instructional sets A, N and S – with older and 

younger user groups averaged 
 

D. Cluster Analysis of Individual Differences 
Individual differences are known to increase with age 

[16]. Here we investigated the individual difference for both 
older and younger people by the cluster analysis. 

We found that the older group were overall less accurate 
in terms of the SD measure, and were also less responsive to 
instructional set. In order to better understand the nature of 
these effects, cluster analysis was carried out to determine the 
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extent to which individual differences occurred within the two 
age groups, and how strongly such differences might have 
affected the results obtained.  

Since there was both a strong age effect and a strong 
instruction set effect on accuracy, cluster analysis was carried 
out to examine how individual differences may have mediated 
the observed relationships between age, instruction set, and 
accuracy.  

The average accuracies in terms of pixel SD were 
calculated across all combinations of the 24 participants and 
the three instructional sets. The accuracies were then 
converted into z-score units with the normalization being 
carried out for the data pooled across all instructional sets and 
participants. K-means analysis clustering was then carried out, 
with two, three, and four cluster solutions being examined. 
The four cluster solution was chosen for further study based 
on its interpretability. 

 
Fig. 5. Cluster centre values for z-score of SD across the four clusters (clusters 

one through four in left to right order). 
Accuracy values across the three instruction sets are 

shown for each of the clusters in Fig. 5. Members of cluster 1 
consisted of three older people and one younger people. They 
displayed very little change in accuracy in response to 
instruction set (with accuracy remaining within one half 
standard deviation of the experiment average across all three 
instruction sets). Cluster 4 contained only older (five) people. 
The people in this cluster were generally less accurate, and 
particularly so in the speeded instruction set (with average SD 
in this case being over two standard deviations above the 
average for the experiment). Eight of the nine people in 
clusters 1 and 4 were older people. In contrast, six of the eight 
people in cluster 2 were younger, and five of the seven people 
in cluster 3 were younger. Clusters 2 and 3 both had high 
accuracy when instructed to be accurate and a fairly good 
level of accuracy in the neutral condition, but they differed in 
that cluster 3 subjects retained an accuracy level close to the 
experimental average, whereas SD increased to almost 1.5 
standard deviation units above the average for cluster 2 
subjects. 

The clusters described above were identified based on the 
accuracy data, could they also predict differences in 
movement time across the different instruction sets?  

This question was addressed by turning the four clusters 
into four levels of a corresponding “Cluster” pseudo factor and 
again running mixed ANOVA, but this time using the Cluster 
factor in place of the age group factor. There was a significant 

interaction between cluster and instruction set on movement 
time (F(4.78, 40)=4.135, p<0.01).  

It can be seen in Fig. 6 that the an increasing instruction 
set for accuracy slowed movement times down in all four 
clusters, but that this effect was more pronounced for the 
“younger” clusters, i.e., clusters 2 and 3. By comparing Fig. 5 
and 6 it can also be seen that subjects in cluster 2 responded 
more aggressively to the instructions, slowing down more in 
the accurate condition (but with no benefit to accuracy as 
compared with that obtained in cluster 3) and speeding up 
more in the speeded condition (but at a relatively high cost to 
accuracy). Similarly it can be seen for the “older clusters (1 
and 4)” that the fast movement times achieved in cluster 4 
came at the expense of a substantial loss of accuracy. 

 
Fig. 6. The effect of instruction set on average movement time across the four 

clusters. 
E. Discussion 

In general the more accurately a task is performed, the 
longer it takes and vice versa, with a characteristic s-shaped 
curve often being observed [15]. The relationship between SD 
and MT was fitted as a power function separately for both 
older and younger groups. As indicated by the power curve 
goodness of fits shown in Fig. 7, there was a more consistent 
speed-accuracy relationship for the younger subjects (R2 = 
0.861 vs. 0.699 for the older subjects). The effect of 
instruction set can be seen vividly in Fig. 7, where the 
triangles (speeded set) tend to be above and to the left of the 
squares (neutral) which in turn tend to be above and to the left 
of the circles (accurate set). It can also be seen that the speed-
accuracy tradeoff is more strongly defined for the younger 
subjects. 

Individual differences tend to increase with age [16]. We 
found that the older group were overall less accurate in terms 
of the SD measure, and were also less responsive to 
instructional set. When analyzing the data individually for 
both the old and younger participants, we found that 
variability among subjects was much greater in older users 
than younger users. Using cluster analysis based on SD over 
the three different instruction sets, we found that four of the 
elderly group showed a pattern of performance that was 
characteristic of the younger group, whilst only one of the 
younger group exhibited “older” performance. 

The overall results showed that aging significantly 
diminishes performance on the steering task in terms of 
accuracy but not movement time. However, the speed-
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accuracy tradeoff induced by differences in instruction set was 
much stronger for the younger subjects. 
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(a) Older user group 
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(b )Younger user group 

 
Fig. 7. Changes in speed (MT) and accuracy (SD) - for (a) older user group 

and (b) younger user group. Points corresponding to different instruction sets 
are labeled with differed shapes. 

V.  IMPLICATIONS FOR INTERFACE DESIGN 

 While older users tend to have accuracy bias, in this study 
older users produced larger SD (greater deviation from the 
centre of the tunnel) than did younger users. In the user 
interface design for older users, one obvious strategy for 
dealing with this age effect would be to use larger tunnel size 
or target size. 

It is generally more difficult for older users to perform a 
trajectory tracing task. In our experiment we observed that 
slow but precise movement of the stylus required firm but 
stable grasp of the stylus, which was difficult for older users’ 
due to hand tremor. Fast movement of the stylus required good 
hand dexterity, which was also difficult for older users.  
The older subjects showed less variability in movement time 
in spite of the instruction set. When older users did attempt to 
speed up a lot, there was a disastrous loss of accuracy. The 
inability of at least some of the older subjects to perform both 

fast and accurately may be partly due to the effects of reduced 
hand dexterity.  

Recently, there has been considerable interest in gesture-
based interfaces for pen-based computing. Many of these 
interfaces designed for efficient performance, especially by 
expert users. However, our results suggest that the utility of an 
interaction technique may be influenced by age. Many 
innovative techniques are currently tested only with younger 
users and age effects are ignored. Since gestural interfaces 
often rely on steering tasks of one sort or another, the 
differences found in our results indicate that some of the 
advantages exhibited by these interfaces in a younger user 
group may not apply to older users. Empirical studies are 
needed to reassess the effectiveness of these interfaces for an 
older population. Some of these techniques may need to be 
redesigned or enhanced by special interactive techniques such 
as force feedback, and area cursors to make steering tasks 
more manageable for older users. 

Observations made in our experiment also point out 
issues that need to be considered while conducting age related 
evaluation. Our experiment shows that relying on 
chronological age in studying age effects may be misleading. 
A distinction needs to be made between elderly users who 
perform like younger people and more typical elderly users 
who show the effects of age in their performance. 

In addition, the effects of implied or explicit instruction 
sets on performance need to be carefully controlled in studies 
involving age effects. In general younger people may show a 
greater effect of instruction set on their performance. Thus 
depending on the instruction set younger users may appear to 
speed up or slow down (or become more or less accurate) 
relative to older subjects. 

VI. CONCLUSION 

As Salthouse has pointed out [18], as people age, their 
cognitive, perceptual, and motor abilities decline, with 
negative effects on their ability to perform many tasks. 
However, as the present results demonstrate, aging effects 
need to be evaluated carefully. While it seems clear that aging 
has a negative impact on the steering task (and likely on many 
other HCI tasks as well), the situation is complicated both by 
speed-accuracy tradeoff effects and also by the heterogeneous 
nature of elderly populations. In any tasks there are likely to 
be some elderly people that can perform like younger people, 
and for those people an interface design specifically for the 
elderly might be annoying and inefficient. With respect to 
speed versus accuracy, researchers need to be careful about 
how much they stress speed or accuracy in performing 
experimental tasks. It is possible that relatively subtle changes 
in instructional set may lead to radically different apparent age 
effects. Where possible, it may be useful, as carried out in the 
present paper, to examine explicitly speed-accuracy tradeoffs 
and the effect of individual differences on performance. It 
would seem that analysis of aging effects in HCI may require 
more careful and detailed analysis of the experimental data 
and the subtle patterns and effects obtained therein. 

This paper shows how interpretation of age effects in 
HCI is complicated by the different way in which speed is 
traded off against accuracy in older people, the tendency of 
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older people to stress accuracy at the expense of speed, and to 
have greater individual differences in performance, enriching 
our knowledge of how aging effects are likely to impact 
evaluations in HCI. In the future, we would like to perform 
further analysis to systematically investigate the individual 
effects of visual acuity, manual dexterity, and possibly other 
factors (such as hearing and cognitive abilities) on the steering 
task and other common user interface tasks. 
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