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Abstract 
 
 
In two temporal-discrimination studies, sensitivity of the transformed up-down method and 
the weighted up-down method was evaluated.  Internal consistency of difference-threshold 
estimates and response times, as indicated by Cronbach's alpha, ranged from .82 to .99.  
The high level of internal consistency endorse the view that adaptive psychophysical 
methods provide a highly sensitive and reliable technique for assessment of timing 
performance in humans. 
 
 
 
Over the last two decades, an increasing number of studies on temporal discrimination used 
adaptive psychophysical procedures to obtain individual performance estimates.  'Adaptive' 
means that the stimulus is adjusted on the basis of previous responses in an attempt to 
determine the stimulus value required to produce a specified level of performance.  A major 
advantage of adaptive methods is their efficiency.  With traditional psychophysical methods 
a large amount of data is wasted since the stimulus is often presented far from threshold 
where littl e information is gained. 
 Two of the most commonly employed adaptive psychophysical procedures are the 
transformed up-down method using a 2-step rule (Levitt, 1971) and the weighted up-down 
method (Kaernbach, 1991) which can be seen as a modification of Derman's (1957) version 
of the simple up-down procedure.  The present paper reports two studies designed to 
evaluate the sensitivit y of both these adaptive procedure for assessment of temporal 
discrimination performance in humans. 
 In Study 1, Cronbach's alpha (e.g., Cronbach, 1990) was computed across 20 
threshold estimates for temporal discrimination of f illed and empty auditory intervals with a 
base duration of 50 ms.  In Study 2, Cronbach's alpha was computed across 12 threshold 
estimates for temporal discrimination of f illed auditory intervals with base durations of 50 
and 1,000 ms.  In addition to threshold estimates, sensitivit y of response latencies was also 
assessed. 
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Study 1 
 
Participants 
 
 Two male and four female students ranging from 20 to 37 years of age (mean age: 
27.0 years) and four male and two female students ranging in age from 25 to 36 years (mean 
age: 30.2 years) participated in Experiments 1A and 1B, respectively. 
 
Apparatus and Stimuli 
 
 Auditory stimuli were generated by a computer-controlled sound generator. In 
Experiment 1A, a square wave with a frequency of 1,000 Hz and an intensity of 67 dB 
(SPL) was used; in Experiment 1B, the participants were confronted with empty intervals 
marked by 3-ms clicks with an intensity of 88 dB (SPL).  All stimuli were presented through 
headphones (Vivanco Model SR85). 
 
Procedure 
 
 Each participant was run individually on 20 consecutive daily testing sessions starting 
on a Monday and omitting weekends; that is, there were four weeks of testing of five 
sessions each.  An experimental session consisted of 50 trials, and each trial consisted of 
two stimuli, one 50-ms standard interval, and one comparison interval.  The comparison 
interval varied in duration from trial to trial, depending on the participant's previous 
responses according to the transformed up-down procedure, which converges on a 
probabilit y of hits of .707.  The duration of the comparison interval changed with a constant 
step size of 8 ms for Trials 1-10, 4 ms for Trials 11-30, and 2 ms for Trials 31-50. The initial 
value of the comparison interval was 98 ms. The order of presentation for the standard 
interval and the comparison interval was randomized and balanced, with each interval being 
presented first in 50% of the trials. 
 To initiate a trial, the participant pressed the space bar of a computer keyboard; the 
auditory presentation began 900 ms later.  The two intervals were presented with an 
interstimulus interval of 900 ms.  The participant's task was to decide which of the two 
intervals was longer and to indicate his or her decision by pressing one of two designated 
keys of the keyboard.  The instructions to the participants emphasized accuracy; there was 
no requirement to respond quickly.  After each response, visual feedback ("+" = correct or 
"-" = false) was displayed. 
 As a measure of duration discrimination performance, mean differences between 
standard intervals and comparison intervals were computed for the last 20 trials of each 
daily testing session.  This measure represents an estimate of the individual 70.7% 
difference threshold in milliseconds in relation to a standard interval of 50 ms.  Response 
times were also averaged across the last 20 trials. 
 
Results 
 
 Figure 1 displays the results of each participant from Experiments 1A and 1B.  
Cronbach's alpha was computed across both the 20 threshold estimates and the respective 
response times.  The resulting alpha coefficients were .95 and .99 for the threshold estimates 
with filled and empty intervals, respectively.  Similar results were obtained for the response 
times; alpha coefficients were .96 and .98 for Experiments 1A and 1B, respectively. 
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Study 2 
 
Participants 
 
 Participants were nine female and two male volunteers ranging in age from 25 to 48  
years (mean age: 33.6 years).  All participants were naive subjects who had not participated 
in Study 1. 
 
Apparatus and Stimuli 
 
 Apparatus and stimuli were the same as in Study 1, except that auditory signals 
consisted of white noise. 
 
Procedure 
 
 The procedure was similar to that of Study 1, with the following exceptions.  Each 
participant completed twelve testing sessions which were held on consecutive days omitting 
weekends.  An experimental session consisted of one block of temporal discrimination in 
the range of milliseconds and one block of duration discrimination in the range of seconds.  
The order of blocks was counterbalanced across participants.  Each block consisted of 32 
trials, and each trial consisted of two stimuli, one constant standard interval and a variable 
comparison interval. 
 The weighted up-down method was used to determine the 75%-difference threshold as 
an indicator of performance.  For temporal discrimination in the range of milliseconds, the 
base duration of the standard interval was 50 ms and the initial value of the comparison 
interval was 75 ms.  After each correct response, the duration of the comparison interval 
was made more similar to that of the standard interval by a factor of X, and after each 
incorrect response, the duration of the comparison interval was made more different than the 
standard interval by a factor of 3X.  Thus, with the weighted up-down method a basic step 
size of S = 12 ms resulted in a downward step of Sdown = 3 ms and an upward step of Sup = 
9 ms.  The duration of the comparison intervals changed with a basic step size of S = 12 ms 
for Trials 1-6 and S = 8 ms for Trials 7-32.  For temporal discrimination in the range of 
seconds, the standard interval was 1,000 ms and the initial value of the comparison interval 
was 1,400 ms.  The duration of the comparison interval changed with a basic step size of S 
= 400 ms for Trials 1-6, resulting in a downward step of Sdown = 100 ms and an upward step 
of Sup = 300 ms, and S = 100 ms for Trials 7-32, resulting in a downward step of Sdown = 
25 ms and an upward step of Sup = 75 ms, respectively.  For both tasks, order of 
presentation for the standard interval and the comparison interval was randomized and 
balanced, with each order being presented first in 50% of the trials. 
 
Results 
 
 Individual threshold values and response times are presented in Figure 2.  Cronbach's 
alpha for the 50- and 1,000-ms base durations were .82 and .86, respectively.  As in 
Experiments 1A and 1B, a high level of internal consistency could also be shown for 
response times; alpha coefficients were .96 and .97 for the 50- and 1,000-ms base-duration 
blocks, respectively. 
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Table 2.  Threshold estimates (TE) and response times (RT) 50- and 1,000-ms base durations. 
 

 
   1 2 3 4 5 6 7 8 9 10 11 12 

           
1 TE  3.5 8.9 3.8 5.7 5.5 8.4 9.8 2.2 5.1 7.5 5.1 5.5 

 RT  1225 828 689 640 740 637 589 725 762 650 567 549 
               

2 TE  13.4 9.0 9.2 7.6 8.3 6.7 8.6 5.7 10.0 6.7 5.2 5.7 
 RT  1028 870 730 772 1061 1084 910 904 786 952 857 900 
               

3 TE  14.6 10.4 8.9 8.3 6.9 8.4 6.1 11.1 4.3 5.7 7.2 7.4 
 RT  2215 870 1849 2489 1491 1563 1400 1247 1613 1270 1001 1169 
               

4 TE  8.6 3.3 5.5 5.8 5.6 3.7 4.8 4.4 5.5 3.0 4.1 5.7 
 RT  1642 1623 1518 1371 1120 1535 1424 1091 1066 938 895 879 
               

5 TE  10.2 8.3 7.3 9.6 8.2 5.2 6.8 5.7 11.0 5.8 3.4 3.8 
 RT  465 766 525 513 794 556 571 576 508 516 846 470 
               

6 TE  2.8 3.2 4.8 3.8 3.8 5.1 3.1 3.7 4.1 4.1 4.9 2.8 
 RT  967 693 789 704 701 1088 667 548 603 572 653 446 
               

7 TE  5.0 9.0 3.7 4.8 4.2 8.2 4.1 7.2 11.2 7.0 5.5 11.9 
 RT  965 1884 1197 1793 1950 1287 1502 1099 1285 1166 1445 1303 
               

8 TE  13.4 10.4 11.9 11.8 8.4 8.0 9.6 7.4 6.2 6.0 5.9 4.0. 
 RT  1229 837 653 1168 833 997 1005 787 899 855 662 722 
               

9 TE  10.2 13.4 7.2 7.5 5.3 8.0 3.8 7.5 5.0 4.3 7.6 8.3 
 RT  1327 1468 1228 1137 1209 950 803 776 772 712 749 749 
               

10 TE  9.0 4.5 5.2 11.0 4.8 3.5 2.7 4.4 6.9 6.0 2.8 5.4 
 RT  1132 1013 956 1049 1094 975 749 663 766 1480 697 659 
               

11 TE  16.5 10.2 13.2 16.4 6.9 7.5 6.1 5.7 6.3 5.2 5.6 6.3 
 RT  811 847 739 560 586 504 420 564 614 472 563 687 

1000-ms base duration            
1 TE  87 119 114 115 62 153 109 80 140 193 71 164 

 RT  853 487 674 765 548 821 682 740 557 442 449 451 
               

2 TE  223 21 194 114 139 139 164 278 173 111 143 153 
 RT  639 813 628 1040 975 890 754 678 815 845 946 798 
               

3 TE  143 148 148 89 193 103 123 80 156 106 89 213 
 RT  1433 1656 2084 1176 1381 1474 1948 1804 990 868 964 1003 
               

4 TE  64 86 75 84 45 61 71 64 89 71 40 49 
 RT  1967 1084 1102 917 1088 1227 969 921 871 628 624 798 
               

5 TE  99 41 89 54 93 62 84 56 56 77 61 55 
 RT  475 490 519 810 615 416 520 622 593 516 565 493 
               

6 TE  65 76 89 94 52 77 69 84 108 86 99 46 
 RT  575 530 744 489 567 671 500 366 464 471 435 330 
               

7 TE  163 76 74 71 118 138 57 86 30 119 74 77 
 RT  636 1566 1973 2179 1601 1661 1138 1986 1575 1760 1852 2069 
               

8 TE  102 57 79 99 96 139 72 109 128 56 79 114 
 RT  555 546 775 840 644 672 758 616 708 681 726 429 
               

9 TE  67 106 91 148 99 107 76 89 138 77 118 74 
 RT  1136 1137 896 709 762 791 745 837 670 611 459 459 
               

10 TE  143 133 183 103 13 91 213 79 61 54 84 39 
 RT  898 838 786 827 728 734 704 472 619 1146 702 534 
               

11 TE  139 139 129 139 209 183 158 144 101 189 108 75 
 RT  869 506 553 536 653 475 440 490 453 378 397 459 
               

 

50-ms base duration 

Participant Session number 
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General Discussion 
 
 The outcome of the two studies provided convincing experimental evidence that both 
the transformed up-down method as well as the weighted up-down method represent highly 
sensitive procedures for the assessment of performance on temporal discrimination and 
corresponding response times.  The high level of internal consistency holds for filled and 
empty intervals as well as for 50- and 1,000-ms base durations.  The high internal 
consistency is also supported by previous studies, in which the adaptive procedures were 
shown to be sensitive to individual differences in temporal-discrimination performance.  In 
studies on personality -related differences, for example, both methods yielded results 
indicating differential effects of psychoticism on time estimation (e.g., Rammsayer, 2001).  
Also, the adaptive procedures yielded differences in temporal processing among psychiatric 
patients with different diagnoses (Rammsayer, 1990; Volz et al., 2001), between patients 
suffering from Parkinson's disease and healthy controls (Rammsayer & Classen, 1997), and 
between blind and sighted subjects (Rammsayer, 1994). 
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