
ABSTRACT 

Several recent studies have explored the limitations of human visual short

-term memory or VSTM (e.g. Luck & Vogel, 1997; Wheeler & Treisman, 

2002; Alvarez & Cavanagh, 2004). Usually researchers agree that 

VSTM is limited to a capacity of about 3 to 4 objects at any given mo-

ment (Cowan, 2001). 

 

Capacity of short-term memory is measured in a range of studies often us-

ing the change detection paradigm (CD). However, the whole report para-

digm (WR) may be a more reliable paradigm (Cusack, Lehmann, Velds-

man, & Mitchell, 2009). Moreover, each individual WR trial yield more 

information compared to a CD trial.  

 

It is argued that WR is to be the preferred paradigm unless the experiment 

can only be performed in CD. Finally data is presented showing multiple 

tests within single subjects indicating that some parameters are more sta-

ble than other. K seem to be a more stable parameter than C which varies 

within single subjects over different test sessions.    

INTRODUCTION 

The visual short-term memory (VSTM) store has been found to 

have a very limited capacity (K), compared to the human long-term 

memory store. Usually researchers have reported that VSTM is lim-

ited to around 3 to 4 objects (Sperling, 1960; Bundesen, 1990).  

Luck and Vogel (1997) have argued that VSTM capacity is limited 

only with respect to the total number of objects in the visual field in-

dependent of the number of individual features represented within 

the objects. Other researchers have tried to argue for an information 

based account where it is the sum of the complexity rather than the 

individual objects per se that is the limiting factor in VSTM (e.g. Al-

varez & Cavanagh, 2004). A background assumption in the studies 

measuring K must be that K is a stable parameter over time; the idea 

that attentional parameters are stable within subjects is a fairly com-

mon assumption (Wundt, 1890; Cowan, 2001). This assumption 

however has not been empirically tested. 

The aim of the present study is to investigate the stability of atten-

tional estimates of capacity (K) and general speed of processing (C), 

using the Theory of Visual Attention (TVA) model as a framework 

(Kyllingsbæk, 2006). Furthermore two paradigms were deployed; 

the widely used change detection paradigm (Phillips, 1974) and the 

whole report paradigm (Sperling, 1960).  
 

EXPERIMENT  

In the Experiment, it was investigated how subjects perform in a re-

peated measure design. Two experimental paradigms were used; 

whole report (WR) and change detection (CD). Optimized versions 

of both WR and CD paradigms were used. The WR paradigm used 

was almost identical to the paradigm used in the Betula study 

(Vangkilde, Kyllingsbæk, Habekost, Bundesen, Marklund, & Nils-

son, 2009). The CD paradigm was modelled over the WR paradigm 

and varied only when subjects had to make a response, where a 

probe screen would be presented instead of the standard whole re-

port screen (figure 1). Furthermore, the CD paradigm which is usu-

ally performed as a two alternative forces-choice task was optimized 

in regard to the recommendations of Kyllingsbæk & Bundesen 

(2009). Here subjects are instructed to be fairly certain of their re-

sponse and if subjects are uncertain they are instructed to press a 

third button indicating “no answer”.  

In both paradigms the stimulus used consisted of 20 letters [A, B, D, 

E, F, G, H, J, K, L, M, N, O, P, R, S, T, V, X, & Z] and six different 

exposure durations was used from 10 - 200ms [10, 20, 50, 80, 140, 

& 200]. The WR paradigm was comprised of 3 blocks of 48 trials 

and the CD paradigm, which is more noisy, was comprised of either 

3 [Subjects 5, 7, & 8] or 6 [Subjects 1, 2, & 4] blocks of 144 trials. 

The order in which subjects did the CD and WR was varied between 

each session, odd-number subjects would do CD-WR/WR-CD/CD-

WR/WR-CD/CD-WR/WR-CD/CD-WR and even-number subjects 

would perform the two paradigms in the reverse order WR-CD/CD-

WR/WR-CD/CD-WR/WR-CD/CD-WR/WR-CD. 
 

  

Figure 1: Each trial was initiated by a fixation, which was then followed by a memory-set presented for variable exposure durations 
(10-200ms), followed by a mask for 500 ms, and finally in the WR paradigm a report screen or in the case of the CD paradigm a single 
object probe-display.     

 

Subjects 

Six subjects where tested in seven separate sessions. Each of the 

sessions was placed at the same time of the day ±1 hour and were as 

evenly distributed as possible. Participants were volunteering stu-

dents and lab members from our department.    
 

Results 

Data was modelled within the TVA framework and obtained esti-

mates for K and C parameters over the seven trials. K estimates are 

usually more stable than estimates for C and with the limited num-

ber of observations per data point we were aware of potential prob-

lems in estimating C. 
 

Repeated measure of capacity (K) 

Figure 2: K estimates in each of the subjects over the seven sessions. The top graph show estimates obtained with the WR paradigm 
and the bottom graph show estimates obtained with the CD paradigm. 

 

Investigating the results obtained from the repeated measures 

yielded fairly stable C estimates within the WR design, whereas the 

variance was too high in the CD condition. Moreover, it seem that 

there may be an effect of training in subjects 1 and 4 (see figure 2 

above), both of these subjects where naive and had never previously 

participated in experiments - the rest of the subjects where naive to 

the task but have had previous experience with other experiments. 
 

Repeated measure of the general processing speed (C) 

The C parameter was also fitted to the model; the WR data fitted 

well, however, the CD data showed some difficulties in the fitting 

process (table 1), therefore only the whole report data are depicted 

in a graph below (figure 3).    

Figure 3: C estimates in each of the subjects over the seven sessions. The graph show estimates and the standard error of measure-
ment obtained with the WR paradigm. 

Table 1: C estimates in each of the subjects over the seven sessions. The top table show estimates and standard error of measure-
ment obtained with the WR paradigm and the bottom table show estimates and standard error of measurement obtained from the CD 
paradigm. 

 

The C parameter seems to be far less stable than the K parameter 

and may be affected by subjective variables (like the general level of 

arousal) which will be investigated in further studies.  
 

CONCLUSION  

Data from six subjects was presented in a repeated measure design 

with seven individual test sessions. Even with a very low number of 

trials (144 versus 432/864) the whole report design yield fairly sta-

ble K estimates compared to change detection, suggesting that a 

change detection design should only be used when a whole report is 

not possible (i.e. when subjects do not have category labels for the 

objects presented). C estimates, however, seem to be more prone to 

variation - the model can fit the data whole report data but the esti-

mates vary between the individual sessions even when we try to fix-

ate external parameters such as the times of testing.  
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  Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

  C Error C Error C Error C Error C Error C Error C Error 

Sub 1 71.2 9.87 67.13 6.31 78.45 7.26 108.6 14.95 80.21 6.94 98.67 10.5 74.59 6.853 

Sub 2 100.82 9.891 95.59 8.926 109 12.08 105.6 10.5 148.7 16.73 117.1 9.967 112.7 10.95 

Sub 4 36.39 5.911 63.37 12.14 86.99 10.93 77.02 8.349 89.77 8.792 84.3 8.819   

Sub 5 71.92 8.571 132.9 17.93 75.79 8.657 68.13 5.558 61.07 5.012 101.3 12.05 76.61 8.318 

Sub 7 34.71 2.969 52.97 4.658 51.24 4.424 50.99 4.274 58.1 6.368 75.29 7.931 56.65 4.51 

Sub 8 84.66 8.841 67.79 7.176 70.74 8.813 82.53 12.16 48.59 5.453 78.85 9.13 97.55 11.19 

  Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 Session 7 

  C Error C Error C Error C Error C Error C Error C Error 

Sub 1 5.00E+05 NaN 145.5 49.2 223.9 98.46 140.3 38.38 143.5 52.41 136 33.08 83.82 20.14 

Sub 2 77.92 17.92 94.08 30.09 218.6 74.92 166.5 36.22 4300 4.00E+07 184 46.75 153.7 43.75 

Sub 4 68.7 17.64 1527 5821 170.2 157.4 171.8 192.6 153 117.7 358 NaN   

Sub 5 1.00E+05 1.00E+08 219.2 93.48 132.8 47.4 129.2 27.66 197.3 149.1 5149 3.00E+06 33.47 10.98 

Sub 7 25.17 10.03 54.16 23.2 2817 3.00E+06 54.26 22.91 37.45 14.77 87.03 38.41 117.8 76.25 

Sub 8 126 65.36 77.78 43.2 16.02 4.402 76.32 34.4 92.7 54.49 34.21 14.08 0 0 


