
SAS code for analysis of accuracy data only 
The following syntax fit the Q-diffusion model to data using SAS procedure 
NLMIXED. The bold numbers at the end of some of the lines in the syntax 
correspond to specific comments to clarify the syntax. These comments can be found 
below. 
 
data dat;          *1; 
infile "C:\data.dat";         *2; 
 
input subj it score;         *3; 
array item[*] it1-it10;         *4; 
 
do j=1 to 10; 
if it=j then do; 

item[j]=1; 
end; 
else item[j]=0; 
end; 
drop j; 
 
run; 
 
proc nlmixed data=dat method=gauss technique=newrap noad qpoints=10 
maxiter=99999 maxfunc=999999;       *5; 
 
parms a1-a10=2;         *6; 
M=4;           *7;
           
   
vp = exp(tmp);          *8; 
 
ai = (it1*a1+it2*a2+it3*a3+it4*a4+it5*a5+ 
it6*a6+it7*a7+it8*a8+it9*a9+it10*a10);      *9; 
 
expo = exp(vp*ai-log((it1*M+it2*M+it3*M+it4*M+ 
it5*M+it6*M+it7*M+it8*M+it9*M+it10*M-1)));     *10; 
 
p    = expo/(1+expo); 
 
model score ~ binomial(1,p);       *11; 
random tmp ~ normal(0,1) subject=subj;      *12; 
 
run; 
 
 
*1: Specify that 'dat' refers to the data that will be provided in the next line; 
*2: Specify the name and location of the file that contains the data. Note that the data 
should be in 'long' format (i.e., each row represents an observation on the dependent 
variable) as opposed to a 'wide' format (each row represents all observations of one 
subject); 



*3: Specify the variable names. Variable 'subj' indicates which rows represent 
observations of the same subject, variable 'it' indicates to which item the subject 
responded, variable 'score' indicates the actual score of the subject on that item; 
*4: Next lines are used to create a 'design matrix' which is needed to specify the fixed 
item effects later on. Specifically, the variable 'it' (see above) is dummy coded into 10 
new variables that only contain 0's and 1's.; 
*5: Procedure NLMIXED will be used. 'data=dat' indicates that 'dat' is the data that 
will be used (see line #1).; 
*6: Specify the parameters in the model, including starting values.; 
*7: Fix M to equal 4 (i.e, we have data from a four choice test); 
*8: vp is the random person variable. It is modeled as an exponential function of 'tmp' 
which is a normally distributed variable (see below) ; 
*9: ai is the fixed item effect. Here, we use the dummy coded variables that we 
specified above (see comment 4).; 
*10: In the next two lines, the probability of a correct response is calculated according 
to the Q-diffusion model, see Equation 6 in the paper. 
*11: specify the distribution for the observed data (i.e., for the variable 'score'); 
*12: specify the distribution for the random effects in the model (i.e., a normal 
distribution for the variable 'tmp'); 



WinBUGS code for analysis of accuracy and reaction time data in case of M=2 
The following syntax fit the Q-diffusion model to the accuracy data and the reaction 
time data using WinBUGS. The bold numbers at the end of some of the lines in the 
syntax correspond to specific comments to clarify the syntax. These comments can be 
found below. 
 
model{ 
 
for(p in 1:N){ 
for(i in 1:nit){ 

 
prob[p,i] <- 1 / ( 1+exp( -(ap[p]/ai[i]*vp[p]/vi[i]) ))    #1 
 
data[p,i] ~ dbern(prob[p,i])       #2 
 
y[p,i]<-  -ap[p]/ai[i]*vp[p]/vi[i] 
 
eRT[p,i] <- ap[p]*vi[i]/(2*ai[i]*vp[p])* (1-exp( y[p,i]))/   #3 
              (1+exp( y[p,i] ))+ter[p] 
 
varRT[p,i] <- (ap[p]/ai[i]) / (2*pow(vp[p]/vi[i],3)) *(2*y[p,i]   
             *exp(y[p,i])-exp(2*y[p,i])+1)/ pow(exp(y[p,i])+1,2) 
 
 
mu[p,i] <-  log(eRT[p,i])-.5*log(1+(varRT[p,i])/pow(eRT[p,i],2)) #4 
 
si2[p,i] <-log(1+varRT[p,i]/pow(eRT[p,i],2)) 
 
prec[p,i] <- 1/si2[p,i]        #5 
 
logRT[p,i] ~ dnorm(mu[p,i],prec[p,i])     #6 

}} 
 
for(p in 1:N){          #7 

vp[p]~dlnorm(0,1)I(.001,) 
 ap[p] ~dlnorm(0,1)I(.001,) 
 ter[p] ~dlnorm(0,1) 
} 
 
for(i in 1:nit){          #8 

vi[i]~dunif(0.01,100) 
ai[i]~dunif(0.01,.5) 

} 
} 
 
#1: The probability of a correct response is calculated according to the Q-diffusion 
model, see Equation 6 in the paper. 
#2: Specify the distribution for the observed data (i.e., for the variable 'data'). 



#3: In the next two lines, respectively the expected reaction time and the conditional 
variance of the reaction time are calculated according to the diffusion model, see 
Equation 10 in the paper. 
#4: In the next two lines, the parameters from the log-normal distribution are 
calculated from the expected value and the conditional variance of the reaction time, 
see Equation 9 in the paper. 
#5: In WinBUGS, the normal distribution has a precision parameter. We therefore 
calculate the precision by taking the inverse of the variance. 
#6: Specify a normal distribution for the observed log reaction times.  
#7: In this loop, the person priors are specified. We use I(.001,) to prevent values near 
zero which may cause numerical problems (e.g., when they occur in the denominators 
of a fraction). 
#8: Within this loop, the item priors are specified. 



WinBUGS code for reaction time analysis in case of M≠2  
The following syntax fits the Q-diffusion model to the accuracy data and the reaction 
time data using WinBUGS. The syntax is highly similar to the syntax in the case of 
M=2 (see above). Lines that are different are explained. 
 
 
model{ 
 
for(p in 1:N){ 
for(i in 1:nit){ 
  

prob[p,i] <- 1 / ( 1+exp( -(ap[p]/ai[i]*vp[p]/vi[i] -log(M[i]-1) ))) 
 
data[p,i] ~ dbern(prob[p,i]) 
 
vi_s[p,i]<-1 / ( 1/vi[i] - log(M[i]-1)*ai[i]/(ap[p]*vp[p]) )   #1 
 
eRT[p,i] <- QmeanS(ap[p],ai[i],vp[p],vi_s[p,i],M[i]) +ter[p]    #2 
 
varRT[p,i] <-   QvarS(ap[p],ai[i],vp[p],vi_s[p,i],M[i])     
 
 
mu[p,i] <-  log(eRT[p,i])-.5*log(1+varRT[p,i] / pow(eRT[p,i],2)) 
si2[p,i] <-log(1+varRT[p,i]/pow(eRT[p,i],2))  
 
prec[p,i] <- 1/si2[p,i] 
 
logRT[p,i] ~ dnorm(mu[p,i],prec[p,i]) 

 
} 
} 
 
for(p in 1:N){ 
  vp[p]~dlnorm(0,1)        #3 
 ap[p] ~dlnorm(0,1) 
 ter[p]~dlnorm(0,1) 
} 
 
 
 
for(i in 1:nit){ 
 vi[i]~dunif(.01,100) 
 ai[i]~dunif(.01,.5)  
 M[i]~dunif(1.01,500) 
 
} 
 
 
 
} 



 
#1: As M≠2, parameter ‘vi’ needs to be corrected, see Equation 11 in the paper. 
#2: The expected reaction time and the conditional variance are now calculated using 
the functions ‘QmeanS’ and ‘QvarS’ respectively. To enable WinBUGS to use these 
function: 

a) Install WinBUGS from http://www.mrc-
bsu.cam.ac.uk/bugs/winbugs/contents.shtml 
Remember in which directory you installed WinBUGS, we will refer to it as  
‘your WinBUGS directory’. 

b) Install WBDev from http://www.winbugs-development.org.uk/ 
c) In WinBUGS, open the file ‘wbdev_01_09_04.txt’ that is in your WinBUGS 

directory. 
d) Follow the instructions on top of this file. 
e) Install BlackBox from http://www.oberon.ch/blackbox.html 

Remember in which directory you installed BlackBox, we will refer to it as 
‘your BlackBox directory’. 

f) Copy all files from your WinBUGS directory into your BlackBox directory.  
g) Get the files Qmean.odc and Qvar.odc from the site of Han van der Maas. 
h) Save both files in the \WBDev\mod subdirectory of the BlackBox directory. 
i) Open both files in BlackBox. 
j) Compile each file using Ctrl + K 
k) Open the file ‘functions.odc’ which is in the \WBDev\rsrc subdirectory of 

your BlackBox directory. 
l) Add the following two lines of text before the ‘END’ statement 

s<-"QmeanS"(s,s,s,s,s) "WBDevQmeanS.Install" 
s<-"QvarS"(s,s,s,s,s) "WBDevQvarS.Install" 

m) Close BlackBox. 
 
You can use the functions ‘QmeanS’ and ‘QvarS’ within WinBUGS now. (Be 
sure that you start the copy of WinBUGS that is in your BlackBox directory) 
 

#3: We do not need to use I(.001,) now, as we handle values near zero within the 
function QvarS.  
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