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ABSTRACT: Auto-repeat is the automatic repetition of a function by continuous pressing 
of a button. In three separate tests, the design and operation of this auto-repeat feature for 
various elecu·onical devices was examined. Eleven subjects took part in the experiment. 
Each subject was given the same stratgies for optimizing the auto-repeat feature. Both per
fonnance variables (ie. task completion time, number of key strokes) and attitude variables 
(task difficulty, task effectiveness, task satisfaction) were employed. The results show that 
optimization of the auto-repeat feature in case of larger distances between origin and target 
is not only sensible but also desirable: three phases when varying repeat delay time, or two 
phases when varying repeat step size. 

INTRODUCTION 2 A MODEL OF AUTO-REPEAT AND 
ASSOCIATED RESEARCH QUESTIONS 

2.1 Parameters of auto-repeat 
Auto-repeat denotes the automatic repetition of a 
function through continued activation of a control 
for setting numerical values. The auto-repeat func
tion appears in various user reahns (ie. the seuing of 
a clock, selecting a channel on a TV set, selling a 
counter value, etc.). 

Three of the most important parameters of the auto
repeat function were studied: the repeat-step size 
(RSS), the repeat-delay time (RDT), and the number 
of distinct repeat phases. 

From a scientific point of view, in spite of its fre
quent use, the auto-repeat function appears to be a 
neglected topic (see e.g. Potosnak, 1988). 

In the framework of the FACE project l (Bunnester 
& Mac hate, 1994) the issue of both efficient and 
effective optimization of the auto-repeat function 
receives a new pragmatic background. The idea 
behind FACE (Familiarity Achieved through Com
mon User Interface Elements) is to define, develop 
and make available rules and guidelines for the de
sign of uniform COIIU'ol elements and dialogue con
cepts for as many electwnic appliances in the home . 
as possible (ie. radio, TV. video recorder, telephone. 
washing machine etc.). 

In u·ying to improve the keyboard functions for data 
input both economically and ergonomically, the 
issue of the optimization of the auto-repeat function 
came about. 

Initial-delay and repeat-delay time The 
initial delay time is the time span between the acti
vation (ie. pressing) of e.g. a PLUS or MINUS but
ton and the start of the auto-repeat function. Repeat 
delay time is defined as tl1e time lag until a value is 
changed again by the system. 

Initial value Initial ~= Repeat ~1iJM~~~~H: 

22:11 ) 22:12 22:13 22:14 ) 

I I I 
seconds: 0,0 0,1 0,2 0,3 0,4 0,5 

Button pressed 

Figure 1: The basic concepts of auto-repeat 
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Example Initial delay and repeat delay time do not 
necessarily have the same value, but in the preceding 
figure the value for both pru·runeters is 0.2 seconds. 
Once the user has pressed say a dedicated button for 
clock setting, the displayed time repeatedly changes 
by a unit of one minute on tlle digital clock. This 
takes place after a constant delay of 0.2 seconds as 
long as the user keeps pressing this button. 

Repeat-step The repeat-step size is defined as 
t11e counting unit added to or subtracted from the cur
rent value of some counter, e.g. a clock. 

Example An increment of 10 used for setting a 
counter, ie. on a VCR. When the user presses and 
holds down a dedicated counter setting button, the 
counter value on the display chru1ges by a unit of 10: 

initial value: 124 

press PLUS: 125 keystroke step size is 1 

hold PLUS: 135 auto-repeat step size is 10 

hold PLUS: 145 auto-repeat step size is 10 

2.2 Optimization model 

The simplest auto-repeat function has a constant 
repeat-step size (RSS), a constant repeat-delay time 
(RDT), and no acceleration phases. In the sequel, 
this is denoted as the 1-phase model. where RSS= 1 
ru1d RDT=0.2 seconds, constantly. 

A phase-wise decrease in 1·epeat-delay time 
In accordance with stru1dard ergonomic recommenda
tions also adopted by the FACE project, the follow
ing models were defined (note that a RDT of 0.08 
represents t11e highest possible speed of tl1e PC used 
in this experiment): 

2-Phase Model (RSS=l): 
Phase 1 
Phase 2 (after 10 x Phase 1) 

3-Phase Model (RSS=l): 
Phase 1 
Phase 2 (after 10 x Phase 1) 
Phase 3 (after 20 x Phase 2) 

RDT=0.20s 
RDT=O.lOs 

RDT=0.20s 
RDT=0.10s 
RDT=0.08s 

Phase-wise increase of the repeat-step size 
For the purpose of this experiment, two different 
models dealing witl1 the increase of the repeat-step 
size (numeraVtime) are defined: 

2-Phase Model (RDT=0.2s) 
Phase 1 
Phase 2 (after 10 x Phase 1) : 

3-Phase Model (RDT=0.2s) 
Phase 1 
Phase 2 (after 10 x Phase 1) 
Phase 3 (after 10 x Phase 2) 

2. 3 Research Questions 

RSS= 1; lm 
RSS=l0;10m 

RSS= 1; lm 
RSS= lO;lOm 
RSS=IOO; 1h 

The following research questions have been tested: 

Does a phase-wise decrease of the repeat-delay 
time lead to an improvement of tl1e usability of 
the auto-repeat function? If so, with which kind 
of model (2-phase or 3-phase)? 

Does a phase-wise increase of the repeat-step 
size lead to an improvement of the usability of 
tlle auto-repeat function? 

• Does an speed indicator providing feedback on 
the current repeat phase result in a better hand
ling of a phase-wise reduction of RDT? 

3 METHOD 

3.1 Sample 

The sample consisted of 6 female and 5 male test 
subjects ranging in age from 23 to 35 years. The 
average age was a little above 28 years. Most of the 
participants (8) were students. 

3. 2 Independent Variables 

A decrease of repeat-delay time as well as an increase 
in the repeat-step size have been selected as indepen
dent variables. Both variables have been varied three
fold: 1-phase model, 2-phase model, 3-phase model. 

As ru1 additional independent variable, the efficiency 
of the speed indicator of repeat-delay time with tlle 2-
phase m1d 3-phase models of the decrease in repeat
delay time has been tested (ie. two levels: one with 
and one witllout a speed indicator). 

Phase 1 Phase 2 Phase 3 

•co -o 
Figure 2: The speed indicator 
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3. 3 Dependent Variables 

Two empirical variables (execution time for each 
task, number of keystrokes) and tl1ree attitude varia
bles (estimating task difficulty, estimating task 
effectiveness and satisfaction with the method of 
entering the desired value) were used as dependent 
variables. 

The tllree attitude vatiables were measured on a 5-
point Lickert scale ranging from -2 (least negative 
answer) to +2 (most positive answer). 

3. 4 Task Options 

Various task options (2-digits: 00-99, 3-digits: 000-
999, a clock in 24-hour digital format) atld different 
intervals between the start and stop values to be 
entered were used as control variables (for each type 
of display: larger intervals vs. smaller intervals, kee
ping tllem constant witl1in tlle various task options). 
In order to avoid positioning effects, tlle sequence of 
items for the various levels of tlle variables were 
fully balanced out or randomly selected. 

3.5 Test Designs 

A test design was developed for each of tlle tllree 
independent variables: 

• Phase-wise decrease of tl1e repeat-delay time 

• Phase-wise increase of tlle repeat-step size 

• Speed indicator absent or present 

Phase-wise decrease of repeat-delay time atld phase
wise increase of repeat-step size had a very similar 
design. All of tlle display types (2-digit numbers, 3-
digit nwnbers, 24h clock) resulted in tllree levels of 
RSS or RDT (constant auto-repeat, 2-phase optimi
zation, or 3-phase optimization). Each subject was 
tested witll all tllree levels of botll factors as well as 
witll each display type. 

The sequence of tlle three models was balanced out 
for each task option and resulted in 6 sequences. The 
sequence of task options was held constant. Two 
tasks were carried out for each combination of a task 
option and a RSS or RDT level: one task having a 
larger interval between start and target values and 
another one with a smaller interval. 

Thus, e.g., for tlle assessment of the influence of 
repeat-delay time, two "1-phase" items, two "2-
phase" items and two "3-phase" items were used. A 
classical experimental control group design was used 
for the speed indicator variable. 

3. 6 Experimental Procedure 

·Each of tlle subjects were seated in front ofa moni
tor which was hooked up to a PC (i80486 CPU) via 
a VGA-card. The display indicating tlle values to be 
changed and the controls to be used (a PLUS and a 
MINUS button) were simulated2 on the monitor. 

Each task was displayed at tlle start of each test. The 
subjects were given a start value along witll a target 
value to be attained bY. the pressing of virtual PLUS 
and MINUS buttons using tlle mouse. 

At first, tlle test subjects were made familiar witll 
the test situation tllrough tlle employment of 6 prac
tice tasks. Following this, tlley were randomly given 
six tasks witll 18 test items, six tasks with 16 test 
items and six tasks witll 12 test items for the evalua
tion of tlle decrease of repeat-delay time, for tlle 
increase in repeat-step size and tlle settings of tlle 
speed indicators, respectively. 

4 RESULTS 

For tlle evaluation of each of tlle following results a 
one-factorial analysis of variance witll repeated mea
sures was used. 

4.1 Effect of Repeat-Delay Time 

There is no evidence for a decrease in task comple
tion time due to a phase-wise decrease of RDT in the 
case of a display witll two digits. Actually, tlle task 
completion times increase significantly in botll 
multiple-phase models (see Table 1). 

Witll a 3-digit display as well as witll a time display, 
tlle 3-phase decrease of repeat-delay time (RDT = 
0.2s, 0.1s, 0.08s) shows a very significant lower 
task completion time tllan tlle 1-phase model (RDT 
= 0.2s) or tlle 2-phase model (RDT = 0.2s, O.ls). 
Witll tllis scenario, tlle number of key strokes does 
not increase significantly. The level of satisfaction 
also gives empirical evidence for tlle superiority of 
tlle 3-phase model. 

The not so impressive results of tl1e 2-phase model 
were rather a~tonishing. Compared witll the 1-phase 
model, the 2-phase-model does not show any supe
riority on any usability dimension. 

Conclusion In case of an optimization of tlle 
auto-repeat function by a reduction of tlle repeat 
delay time, a 3-phase model is recommended. Beside 
offering a lower task completion time witll a slight 
increase in the number of keystrokes, tlle 3-phase 
model offers significantly favorable usability values. 
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Table 1: Results of a one-factor ANOVA with repeated measures to test the effect of 
varying repeat-delay times with a constant repeat-step size of 1 

~--------~-------~-----

Number of Phases 

Phase 
Phase 1: ROT =0.2s 

2 Phases 
Phase 1: RDT =0.2s 

Phase 2 (after 10 x Phase 1 ): RDT =0.1 s 

3 Phases 
Phase 1: ROT =0.2s 
Phase 2 (after 10 x Phase 1 ): ROT =0.1 s 
Phase 3 (after 20 x Phase 2): RDT =0.08s 

t = Mean execution time 
k = Mean number of keystrokes 
d = Mean task difficulty 
e = Mean task effectiveness 
s = Mean task satisfacton 

4. 2 Effect of Repeat-Step Size 

The results show tlmt an optimization of the auto
repeat function witl1 a stage-wise increase in incre
ments is sensible only in bridging the gap between 
larger intervals. 

A negative effect was shown in dealing with 2-digit 
numbers. Here, altlwugh the increase of task com
pletion time is not significant, a clear tendency to 
increase (1-Phase: 7.ls: 2-Phase: lO.lls) can be 
observed. At the same time, tl1e number of keysu·o
kes increases significantly (see Table 2). 

t 
k 
d 
e 
s 

t 

k 
d 

e 

s 

t 
k 
d 
e 
s 

Ft 
Ff 
Fd 
Fe 
Fs 

Tasks 

2-digits 3-digits 

5.83 42.91 
4.64 3.73 

-1.70 -1.40 
1.40 0.90 
1.10 -0.70 

8.03 76.11 

5.82 4.46 
-1.60 -1.40 

1.30 0.90 

1.00 -1.00 

8.26 24.00 

6.64 6.64 
-1.50 -1.20 
1.20 0.80 

1.00 0.90 

4.94 * 24.11 

1.63 1.83 
0.57 0.57 
0.31 0.09 
0.13 17.94 *** 

RSS =Repeat-Step Size 
RDT = Repeat-Delay Time 

= ps 5% for corresponding F-value 
= ps 1% for corresponding F-value 

Clock 

17.39 
4.82 

-1.40 
0.90 
0.00 

18.30 

4.01 
-1.50 

0.90 

0.10 

12.59 
5.18 

-1.20 
1.20 

0.90 

14.04 

0.34 
1.91 
2.61 
6.14 

= ps 0.1% for corresponding F-value 

Also, there is a tendency to assess the subjective 
task difficulty higher when there is a change in the 
repeat-step size. The judgement of the task effectiv
eness is significantly higher without incremental 
changes. The harm done in using a phase-wise 
increase of the repeat-step size is smaller with 2-digit 
figure displays. The acceptance of the alleged optimi
zation is however greater. 

With 3-digit displays and large setting intervals, the 
task completion time shows a significant effect for a 
step-wise increment in the repeat-step size. The 3-
step model (RSS=l, RSS=lO, RSS=lOO) does not 
cause a significant reduction in the processing time 
as is with the 2-step concept. The 2-step as well as 

3 
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Table 2: Results of a one-factor ANOVA with repeated measures to test the effect of 
varying repeat-step size with a constant repeat-delay times of 0.2 seconds 

Number of Phases 

1 Phase 
Phase 1: RSS=1 

2 Phases 
Phase 1: RSS=1/1 m 
Phase 2 (after 10 x Phase 1): RSS=1 0/1 Om 

3 Phases 
Phase 1: RSS=1/1m 
Phase 2 (after 10 x Phase 1 ): RSS=1 0/1 Om 
Phase 3 (after 10 x Phase 2): RSS=1 00/1 h 

t 

k 

2-digits 
7.10 

4.64 
d -1 .80 
e 1.40 
s 1.10 

t 

k 
d 

10.11 
13.64 
-1 .1 0 

e 0.20 
s 0.20 

t 
k 
d 
e 
s 

not applicable 

FT 2.67 
FF 10.19 *** 

FD 4.37 
FC 23.14 

Tasks 

3-digits Clock 
54.00 115.29 

4.18 6.11 
-1.4 -1.10 

0.8 0.70 

-0.9 -1.60 

19.48 24.81 
8.91 12.44 

-1.20 -1.20 

0.70 0.90 
0.70 0.40 

17.26 21.09 
15.09 21.22 
-0.50 -0.90 
0.20 0.20 

-0.30 0.00 

149.18 *** 1207.10 
7.30 *** 8.62 
4.22 * 0.44 
1.40 1.32 
6.21 23.30 *** 

~-----

~--_ES ___ ~ 1 0.57_**_* _______ _ 

t = Mean execution time 
k = Mean number of keystrokes 
d = Mean task difficulty 
e = Mean task effectiveness 
s = Mean task satisfacton 

the 3-step change in the increment shows a highly 
significant advantage in comparison to the constant 
increment (3-Phase:;: 17.26s, 2-Phases: 19.48s, !
Phase: 54.ls). 

At the same time, the number of keystrokes increa
ses significantly (3-Phases: 15.09, 2-Phases: 8.91, 
1-Phase 4.18). 

The subjective satisfaction shows a similar signifi
cant effect: ti1e !-Phase model is least favored, tlle 
2-Phase model is most favored, with t11e 3-Phase 
model in between. 

RSS = Repeat-Step Size 
RDT = Repeat-Delay Time 

= ps 5% for corresponding F-value 
= ps 1% for corresponding F-value 
= ps 0.1% for corresponding F-value 

In setting the time of a clock having a 24 hour time 
fonnat, similar results were shown as with tlle 3-
digit number display. 

Conclusion If the auto-repeat function is to be 
optimized through an enlargement of the step size, 
- which can be very helpful in dealing with large 
intervals between starting and target values -- tllen 
tlle 2-Phase model (RSS=l; RSS=lO) is ti1e most 
suitable.The 2-Phase model has the best results 
regarding task completion time, reasonable number 
or keystrokes and overall satisfaction in case of large 
to very large intervals. 
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4. 3 Effect of Speed Display Feedback 

No significant effect was found here. Also, the sub
jective opinion found in U1e interviews taken at the 
end of the testing were very dispersed. 

5 DISCUSSION 

The goal of this experiment was to test under which 
precise conditions the use of an auto-repeat feature is 
sensible and preferable. These conditions were: 

(1) varying repeat-delay times 
(2) vruying repeat-step sizes ru1d 
(3) varying number of acceleration phm;es. 

As soon as the setting of values having intervals 
greater U1an say 50 units takes place, the optimiza
tion in form of a decreasing repeat-delay time or ru1 
increasing repeat-step size apperu·s to be sensible. On 
the basis of our test results, a 3-phase model with 
decreasing repeat-delay times (Phase 1: RDT=0.2s, 
Phase 2 after 10 times Phase 1: RDT =0.1s, Phase 3 
after 20 times Phase 2: RDT=0.08s) is recommend
ed. The 3-phase model achieves favorable task com
pletion times and high usability values with only a 
moderate increase in the number of keystrokes. 

A 2-phase model with increasing repeat-step size 
(Phase 1: RDT=0.2, RSS=l after 10 times Phase 1: 
RSS=lO) is effective in decreasing the task comple
tion time with larger intervals, but has ti1e opposite 
effect when dealing with smaller intervals. It should 
be noted that with ru1 increase in the repeat-step size, 
more keystrokes ru·e necessary, because even U1eoreti
cally ti1e end value can not be reached witi1 a single 
keystroke. 

The cognitive expenditure seems to be higher with a 
model having varying repeat-step sizes. With very 
large intervals, the factor of task completion time 
earns a new meaning. With that the user wants to 
have an option which can not be provided by a 3-
phase model of decrementing ti1e repeat delay time. 
Eventually, a combination of U1e favored 3-phase 
model (reduction in repeat-delay time) ru1d the favored 
2-phase model (increase of tile increment) could be 
the optimal solution to the problem. Our modified 
3-phase model is as follows: 

Phase 1 : RDT = 0.2s/RSS= 

Phase 2 (after 10 x Phase 1): RDT = O.ls/RSS= 

Phase 3 (after 20 x Phase 2) : RDT = O.ls!RSS=10 

Theoretically, this will make it possible to combine 
the advantages of tile repeat-step size increase, which 
is very effective in working with larger intervals 
(over say 50 units), with tl1e advantages of a decrease 
in repeat-delay time witi1 smaller intervals (less than 
say 20 units). 

The question, wheU1er this 3-phase model or possi
bly a smooth change in both repeat-step size or 
repeat-delay time, can allow for a still more favora
ble optimization of the auto-repeat feature is a que
stion to be answered in furtl1er research work. 
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NOTES 

(1) The FACE consortium was composed of four 
major European electronic domestic appliance 
companies (Philips CE APG, UK; Thomson 
CE&CSF, France; Legrand, France; Bticino, 
Italy) and two human factors research institu
tes (Stuttgart University IAT, Gennany and 
Loughborough University HUSAT, UK). 

(2) The test scenario was developed with the user 
interface prototyping and simulating tool 
RAPRO-T from Philips Consumer Electronic 
Company. 
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