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Abstract
The two Bayesian adaptive psychometric methods named QUEST (Watson & Pelli, 1983) and QUEST+ (Watson, 2017) are 
widely used to estimate psychometric parameters, especially the threshold, in laboratory-based psychophysical experiments. 
Considering the increase of online psychophysical experiments in recent years, there is a growing need to have the QUEST 
and QUEST+ methods available online as well. We developed JavaScript libraries for both, with this article introducing one 
of them: jsQuestPlus. We offer integrations with online experimental tools such as jsPsych (de Leeuw, 2015), PsychoPy/
JS (Peirce et al., 2019), and lab.js (Henninger et al., 2021). We measured the computation time required by jsQuestPlus 
under four conditions. Our simulations on 37 browser–computer combinations showed that the mean initialization time was 
461.08 ms, 95% CI [328.29, 593.87], the mean computation time required to determine the stimulus parameters for the next 
trial was less than 1 ms, and the mean update time was 79.39 ms, 95% CI [46.22, 112.55] even in extremely demanding 
conditions. Additionally, psychometric parameters were estimated as accurately as the original QUEST+ method did. We 
conclude that jsQuestPlus is fast and accurate enough to conduct online psychophysical experiments despite the complexity 
of the matrix calculations. The latest version of jsQuestPlus can be downloaded freely from https://​github.​com/​kurok​ida/​
jsQue​stPlus under the MIT license.
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Introduction

Adaptive psychometric procedures enable experimenters to 
estimate thresholds efficiently by determining the stimulus 
parameters based on the stimuli and the observer’s responses 
in the preceding trials (for reviews, see Leek, 2001; Treutwein, 
1995). This efficiency is desirable for experiments in general, 
but even more so when faced with time constraints, such as 
in experiments on children and/or in clinical settings. Adap-
tive procedures have been refined over the decades and show 
enduring popularity, but as yet mainly in laboratory-based 

psychophysical research (e.g., Keefe et al., 2021; Kim & 
Chong, 2021; Levinson et al., 2021; Song et al., 2021; Yu & 
Postle, 2021).

On the other hand, there has been an increase in online 
psychophysical experiments (e.g., Bunce et  al., 2021; 
Kawabe, 2021; Santacroce et al., 2021; Sasaki & Yamada, 
2019). Santacroce et al. (2021) were not planning to do 
their experiments online but decided to conduct part of 
the experiments online due to COVID-19. In addition to 
efficient recruitment of a large number and wide variety of 
participants (Reips, 2021), online experiments can proceed 
regardless of any lockdown measures. Considering the rise 
in online psychophysical experiments, there is a growing 
need for online experiment tools to match the functionality 
offered in the lab. Specifically, we focus on online experi-
ments as web applications that can be deployed via the 
Internet to web browsers on laptops, desktops, smartphones, 
and tablets. We focus on the former, because these types 
of online experiments are extremely widely supported and 
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based on durable open standards, such as HTML, CSS, and 
JavaScript (Pronk et al., 2020).

Given the popularity of adaptive procedures, these are 
excellent candidates to offer online. For one of the older 
and most well-known adaptive methods, the up-down stair-
case (Levitt, 1971), some excellent online implementations 
are already available (e.g., Hadrien & Jaquiery, 2016; Hirst, 
2020). A more modern method is based on a Bayesian 
framework introduced by Watson and Pelli (1983), which 
combines the experimenter’s prior knowledge of psycho-
metric parameters with actual data obtained through a series 
of trials in the current experiment. The original staircase 
method based on this Bayesian framework, named QUEST 
(Watson & Pelli, 1983), assumes one stimulus dimension, 
two response options (e.g., Yes/No or Correct/Incorrect), 
and can estimate one psychometric parameter, usually a 
threshold. In the QUEST method, a unimodal probability 
density function (PDF), such as a Gaussian function, is 
assumed as a prior PDF as shown in the MATLAB-based 
program (Pelli, 1996). The PDF is updated every trial to 
best fit the stimulus intensities and responses in the pre-
ceding trials. The stimulus intensity for the next trial and 
the final estimate of the threshold are determined by using 
the mode of the current PDF (Watson & Pelli, 1983), the 
quantile (Pelli, 1987 as cited in Pelli, 1996), or the mean 
(King-Smith et al., 1994). The reference implementation of 
QUEST was written in BASIC, with a MATLAB version 
included in Psychtoolbox (Brainard, 1997; Pelli, 1997), and 
a Python version (Straw, 2008) included in PsychoPy (Peirce, 
2007; Peirce et al., 2019).

Watson (2017) extended the QUEST method to allow mul-
tiple stimulus parameters, multiple psychometric parameters, 
and more than two responses options. The QUEST+ method 
calculates the expected entropies of the PDF of the psycho-
metric parameters, selecting stimulus parameters that mini-
mize the expected entropy for the next trial (Kontsevich & 
Tyler, 1999; Watson, 2017). Finally, the parameters with the 
highest PDF are regarded as the estimates. For the QUEST+ 
method, Watson's (2017) reference implementation is in 
Mathematica, followed by versions in MATLAB (Brainard, 
2017; Jones, 2018) and Python (Höchenberger, 2019).

The QUEST and QUEST+ implementations above have 
been written in programming languages (BASIC, Mathe-
matica, MATLAB, and Python) that are not compatible with 
web browsers. Hence, using any of these implementations 
in the context of an online study would require server-side 
infrastructure and client–server communication, thereby 
introducing significant complexity and possible latency. 
Alternatively, QUEST and QUEST+ implementations in 
JavaScript could run in a web browser, thereby having the 

potential to be simpler and easier to integrate into existing 
online task software.

Hence, we developed JavaScript implementations of 
both QUEST and QUEST+, named jsQUEST (Kuroki 
& Pronk, 2021a) and jsQuestPlus (Kuroki & Pronk, 
2021b). Since the QUEST+ method is an extension of the 
QUEST method, one might think that there is no need to 
develop JavaScript libraries for both. While that assertion 
is correct, we had to be prudent because of two reasons. 
Firstly, experimenters may prefer the traditional QUEST 
method for a simple experiment in which there are a sin-
gle stimulus parameter, a single psychometric parameter 
(e.g., threshold), and two response options because they 
can more concisely code their experiment compared to 
the QUEST+ method. Secondly, it is possible that the 
QUEST method is persistently used in the laboratory and 
hence is required when directly replicating studies from 
such a lab online. For these reasons, we have developed 
both jsQUEST and jsQuestPlus, but the remainder of 
this paper will focus primarily on the QUEST+ method 
(jsQuestPlus).

In the next section, we briefly introduce the core func-
tionality of jsQuestPlus via an example from the paper 
introducing QUEST+ (Watson, 2017). In the associated 
GitHub repositories, we offer brief tutorials for integrat-
ing jsQUEST and jsQuestPlus into three major experiment 
libraries: jsPsych (de Leeuw, 2015), lab.js (Henninger 
et al., 2021), and PsychoJS (Peirce et al., 2019).

Functions of jsQuestPlus

The QUEST+ method consists of three parts: initializa-
tion, determining the stimulus parameters for the next trial, 
and updating the data (based on the response to a given 
stimulus). We will explain the details according to the 
second example, labeled as Estimation of contrast thresh-
old, slope, and lapse {1, 3, 2}, in Watson (2017). In this 
example, there is a single stimulus parameter (contrast) 
and three psychometric parameters (threshold, slope, and 
lapse). A Weibull function is assumed to be the psycho-
metric function, and the task is two-alternative forced 
choice. Using the QUEST+ method, the three psychomet-
ric parameters can be estimated.

To initialize the QUEST+ data, the psychometric 
functions corresponding to each response must be speci-
fied. For example, the function representing probabilities 
of incorrect responses (response = 0) can be written as 
follows.
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This describes the Weibull function, which is also available 
in jsQuestPlus as jsquest.weibull. The function representing 
probabilities of correct responses (response = 1) can be writ-
ten as follows:

The func_resp0 and func_resp1 are complementary, in 
other words, the probabilities they return add up to 1. Next, 
we need to specify the range of possible values for the stimulus 
and psychometric parameters. These parameters must be speci-
fied as an array, also when they are single values, for which 
jsQuestPlus.linspace and jsQuestPlus.array can be used:

Note that a larger number of samples will affect the execu-
tion time of the QUEST+ method. This will be discussed in 
more detail in the simulation section. After specifying the 
psychometric functions and possible parameters, initialize the 
QUEST+ object as follows:

Here, jsqp is an abbreviation of jsQuestPlus, but any valid 
JavaScript variable name could be used instead. The jsQuest-
Plus constructor should receive one argument, which is an 
object with three properties: psych_func, stim_samples, and 
psych_samples. Note that the elements in the psych_samples 
array (i.e., threshold, slope, guess, and lapse) must be written 
in the order specified in the psychometric function declara-
tion. Although priors will be treated as a uniform probability 

over all psychometric parameter combinations by default, 
these can be specified individually. See the associated GitHub 
repositories for details.

After completing the initialization, the stimulus param-
eters that are predicted to yield the most informative results 
at the next trial can be obtained as follows:

The getStimParams function returns the stimulus 
parameter(s) that minimize(s) the expected entropies of the 
PDF of the psychometric parameters. The QUEST+ method 
recommends presenting the stimulus with the returned param-
eters and obtaining the response. In the example task, the 
response is 0 or 1. This response should match the index of the 
corresponding psychometric function in the array passed to the 
jsQuestPlus constructor. If a correct response (response = 1) is 
obtained, update the PDF and the expected entropies as follows:

The presentation of stimuli, obtaining the responses, and 
updating of the data are repeated a predetermined number 
of times. Finally, the psychometric parameter estimates with 
the highest posterior probability can be obtained as follows:

The estimates array includes the estimates of each psy-
chometric parameter, that is, the threshold, slope, and lapse 
in this example.

Simulation

The computational complexity of the QUEST+ method 
has been found to increase in proportion to the number of 
stimulus parameters, the number of psychometric param-
eters, the number of response options, and the number of 
samples in each parameter (Watson, 2017). Watson con-
ducted a simulation that measured the computation time for 
various numbers of samples and reported that it does not 
exceed one second per trial even under extremely high com-
putational complexity. In laboratory-based experiments, the 
QUEST+ method is considered practical because a single 
computer with high computing power is often used. Web-
based experiments could require longer computation times 
because (a) participants’ computers have more variation in 
processing power than in a lab, and (b) in contrast to MAT-
LAB or Mathematica, JavaScript is not optimized for matrix 
computations. Hence, it is important to ensure our library is 
tested for performance: does it deliver psychometric param-
eters fast enough? Hence, we examined the performance 
of jsQuestPlus as a function of computational complexity 
across a range of commodity devices and browsers.

jsqp.update(stim, 1)

stim = jsqp.getStimParams()

const estimates = jsqp.getEstimates()
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Methods

For our performance test, we selected four conditions from 
Watson’s (2017) simulations, corresponding to Examples 1, 
2, 4, and 5 in the paper, respectively. The number of samples 
was calculated by multiplying the number of possible values 
in each parameter. For example, in Example 2 of Watson 
(2017), the number of samples is 41 (-40, -39, -38, …, 0) 
for the stimulus parameter, is 41 (-40, -39, -38, …, 0) for 
threshold, is 4 (2, 3, 4, 5) for slope, is 5 (0, .01, .02, .03, .04) 
for lapse, and is 2 for response; the total number of samples 
is 67240 by multiplying all the sample numbers. See also the 
complexity and timing section of Watson (2017). Our four 
conditions are summarized in Table 1.

The simulation program was written using jsPsych (de 
Leeuw, 2015) and jsQuestPlus. Following Watson’s (2017) 
examples, the four conditions were repeated 32, 64, 32, and 
64 times, respectively. We measured (a) the time it took to 
initialize jsQuestPlus, (b) the time it took to determine the 
stimulus parameters, specifically the time to call the get-
StimParams function, and (c) the time it took to call the 
update function. Each duration was measured using the per-
formance.now function, which provides a timestamp with 
microsecond precision. Duration (a) was obtained once for 
each browser–computer combination, while durations (b) 
and (c) were averaged over trials since they were measured 
repeatedly for each browser–computer combination.

We asked the members of the authors' research groups to 
access the simulation program via the Internet. Participants 
could run the program as many times as they wished under 
the condition that such participations used different web 
browsers on the same device or used a different device. Both 
operating system (OS) and web browser information were 
obtained using platform.js (Dalton & Tan, 2020). In total, we 
obtained simulation data of 37 browser–computer combina-
tions. OS and browser are summarized in Tables 2 and 3.

One might be interested in the result of computers with 
low performance. Although platform.js could not basically 

collect detailed information such as model number, we con-
firmed from the user agent information that SONY 801SO, 
SHARP SHV47, and HUAWEI RNE-L22 were included. 
These are smartphones—a device type of which recent stud-
ies suggest that they may be a suitable medium for adminis-
tering cognitive tasks (Pronk et al., 2022). As for the RNE-
L22, it was a low-spec model released several years ago 
(CPU: 2.36 GHz 4 core & 1.7 GHz 4 core; RAM: 4 GB). 
Moreover, detailed OS numbers are also recorded for iOS 
and Mac OS. We found a Mac using macOS High Sierra 
(10.13.6), which was released in 2017. The computation 
time on these computers can be used as a reference when 
conducting experiments using equipment with low compu-
tational power. All the user agent information is available at 
OSF (https://​osf.​io/​tqesb/).

Results

The time required to initialize jsQuestPlus, determine the 
stimulus parameters, and update the data are summarized 
in Table 4. Values in brackets represent 95% confidence 
intervals assuming a t distribution (df = 36). While the time 
required for initialization and updating increased with the 
number of parameters, the time required to determine the 
stimulus parameters did not show such a trend, and was 
fast enough to be considered a negligible factor in an actual 
experiment. Although the time required for initialization was 

Table 1   Number of parameters, number of responses, and number of 
samples in the four simulated conditions

Condition Number of 
stimulus 
parameters

Number of 
psychometric 
parameters

Number of 
responses

Total 
number of 
samples

1 1 1 2 3,362
2 1 3 2 67,240
3 2 3 2 660,660
4 3 4 2 911,250

Table 2   Number of operating systems tested

Operating system Number

Android 4
iOS 6
Mac OS X 6
Windows 21

Table 3   Number of web browsers tested

Web browser Number

Chrome 12
Chrome Mobile 4
Firefox 6
Firefox Mobile 1
Microsoft Edge 7
Safari 7

https://osf.io/tqesb/
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relatively long compared to the update times, it was less than 
one second. The time required for updating was, contrary 
to our concerns, much faster than that reported by Watson 
(2017). When using hardware with relatively low computa-
tional power, the computation time in the most demanding 
condition (condition 4) was 1713 ms (RNE-L22) and 353.3 
ms (maOS High Sierra) for initialization, 0.12 ms (RNE-L22) 
and 0.08 ms (maOS High Sierra) for determination of stimu-
lus parameters, and 198.3 ms (RNE-L22) and 38.9 ms (maOS 
High Sierra) for updating. Histograms for computation time 
in the most demanding condition is shown in Fig. 1. Histo-
grams for all the conditions are available at OSF (https://​osf.​
io/​tqesb/).

A reviewer suggested presenting not only the time data 
but also the validation data of jsQuestPlus. The simulation 
program described above measured time as well as esti-
mated psychometric parameters. Table 5 summarized the 
estimates and 95% confidence intervals (CIs) of the psycho-
metric parameters for each condition. The 95% CIs include 
simulated values except for the slope and lapse parameters 
in the condition 2.

Discussion

This study presented a Bayesian adaptive psychometric 
method for online experiments named jsQuestPlus. It works 
in combination with existing online experimental tools such 
as jsPsych (de Leeuw, 2015), PsychoJS (Peirce et al., 2019), 
and lab.js (Henninger et al., 2021), and should work with 
other experimental tools like OpenSesame/OSWeb (Mathôt 
et al., 2012) and Gorilla (Anwyl-Irvine et al., 2020).

Our simulation showed that computation times were short 
enough for most online psychophysical experiments. With a 

large number of samples, initialization could be relatively 
slow. However, initialization is only required at the begin-
ning of a series of trials, so it is unlikely that the initialization 
time will cause problems in conducting an experiment. The 
time for updating the data tends to become longer as the total 
number of samples increases and may take up to 100 ms on 
average, so the function should be called during a less time-
critical phase of a task, such as after the end of the previous 
trial. The execution time of the function to determine the 
stimulus intensity (getStimParams) was less than 1 ms, so 
calling it immediately before the stimulus is presented should 
not be a problem. If the execution time would ever become a 
concern, execution of getStimParams could be relegated to a 
less time-critical phase of a task, similar to what we recom-
mend for updating the data. A more flexible solution would 
be the incorporation of Web Workers (Mozilla, 2022), so 
that jsQuestPlus calculations are executed as a background 
process that is less likely to interfere with the task procedure.

The jsQuestPlus library could accurately estimate psycho-
metric parameters except for the slope and lapse parameters 
in the condition 2. When inaccurate, the biases displayed 
by jsQuestPlus were similar to those observed in QUEST+ 
by Watson (2017). In other words, we explain the biases we 
observed in jsQuestPlus as being endemic to the QUEST+ 
method. Solving this problem is an interesting topic, but 
beyond the scope of our study. Regardless, the parameter 
that tends to be of the greatest interest to psychometric mod-
els, namely threshold, is being estimated very accurately.

In laboratory-based experiments, the QUEST method has 
been often used to modulate the contrast of a grating (e.g., 
Keefe et al., 2021; Kim & Chong, 2021; Yu & Postle, 2021). 
Such procedures require calibrating the monitor brightness. In 
online experiments, it is very difficult to calibrate the monitors 
used by participants. Moreover, the resolution of a standard 

Table 4   Computation times required to run jsQuestPlus in milliseconds. Confidence intervals (CIs) assume a t distribution (df = 36). The larger 
the condition number, the greater the computational load

Watson (2017) reported the total time required to determine stimulus parameters and to update the data for the next trial

Condition Initialization Determination of stimulus 
parameters

Update Watson (2017)

Mean 95% CI Mean 95% CI Mean 95% CI

1 12.68 [8.49, 16.88] 0.07 [0.04, 0.09] 1.29 [0.96, 1.62] 4.4
2 47.38 [35.93, 58.82] 0.03 [0.02, 0.04] 12.25 [8.68, 15.81] 41
3 333.96 [239.35, 428.57] 0.05 [0.03, 0.07] 61.58 [39.04, 84.12] 200
4 461.08 [328.29, 593.87] 0.06 [0.03, 0.08] 79.39 [46.22, 112.55] 270

https://osf.io/tqesb/
https://osf.io/tqesb/
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8-bit display (256 discrete levels of brightness) might be too 
small for some of the psychophysical experiments. A lim-
ited solution for these problems is to restrict the model of the 
devices and to allow participants to participate in the experi-
ment if they can prepare their devices before taking part.

On the other hand, recent laboratory-based experiments have 
used the QUEST method to manipulate the number of random 
dots (Kurki, 2019), the motion direction of random dots (Song 
et al., 2021), and the size of an aperture (Luzardo & Yeshurun, 
2021). These experiments should be suitable for online admin-
istration, especially now that technology for online random dot 
kinematograms (Rajananda et al., 2018), virtual chinrests (Li 
et al., 2020), and a jsPsych plugin for psychophysics (Kuroki, 
2021) are available. Moreover, it is noteworthy that Myrodia 
et al. (2021) showed that there was no difference in percep-
tual thresholds of the perceived quality of computer-generated 
images between laboratory-based and online experiments 
using the QUEST+ method. Future research could investigate 
whether well-known results of laboratory-based experiments 
using the QUEST/QUEST+ method can be replicated online.

The accuracy of the QUEST+ method, both online 
and in the lab, can be affected by lapses in concentra-
tion. Jones (2019) reviewed several approaches for taking 
lapses into account and proposed to weigh participants' 
responses by the probability that a lapse occurred. For 
detecting whether a lapse occurred, they suggest using 
eye, head, or upper body movements, in combination with 
response latency or consistency. Such measures can also 
be acquired online since modern web browsers offer access 
to a wide range of sensors. For instance, online head- and 
eye-tracking can be performed via WebGazer (Papoutsaki 
et al., 2016) and mouse-tracking via MouseView (Anwyl-
Irvine et al., 2021).

One useful feature that jsQuestPlus does not provide, 
but that QUEST+ based on Mathematica and MATLAB 
do, is fitting which is performed post hoc, and enables to 
estimate the psychometric parameters with a high degree 
of precision and range. As illustrated by Manning et al. 
(2018), more finely grained estimates can be closer to the 
true threshold, especially when analyzing data of children 
with attentional lapses. Although the fitting function is not 
included in jsQuestPlus, it can be performed afterwards 
using Mathematica or MATLAB. See the associated GitHub 
repositories for details.

While there are some limitations to conducting psychophys-
ical experiments online, there are many advantages as well. 
For example, researchers can efficiently recruit a diverse group 
of participants and data collection at home can be conducted 
regardless of lock-down measures (as have been issued lately 

Fig. 1   Histograms for computation time in the most demanding con-
dition (condition 4). a Time for initialization. b Time for determina-
tion of stimulus parameters. c Time for updating. The respective bin 
sizes are (a) 50 ms, (b) 0.2 ms, and (c) 50 ms
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in response to COVID-19). In addition, online experiments 
embrace open science values, because, in principle, anyone can 
replicate procedures without needing to purchase any software 
licenses or specialized hardware. We hope that the tools intro-
duced here will further increase the variety of experiments that 
can be conducted online. Both the jsQUEST (https://​github.​
com/​kurok​ida/​jsQUE​ST) and jsQuestPlus (https://​github.​com/​
kurok​ida/​jsQue​stPlus) libraries are available under the MIT 
license on the GitHub registry, where they can be downloaded, 
forked, discussed, and improved.
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