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Abstract

This article reviews PsyToolkit, a free web-based service designed for setting up,
running, and analyzing online questionnaires and reaction-time (RT) experiments. It
comes with extensive documentation, videos, lessons, and libraries of free-to-use
psychological scales and RT experiments. It provides an elaborate interactive
environment to use (or modify) the existing questionnaires and experiments from the
PsyToolkit library or to design new studies. Once users have set up their study, they
can recruit participants for online participation, and data can be downloaded in
spreadsheet format after collection. This article provides examples of how
questionnaires and RT experiments can be set up using the website. The PsyToolkit
links to online questionnaires and experiments, and these links can easily be
embedded in social media networks for participant recruitment, including Amazon's
Mechanical Turk. PsyToolkit’'s exhaustive documentation enables students to work
independently. This article finishes with pedagogical considerations.
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Many psychological studies can or must be conducted on a computer, such as online
questionnaires and cognitive psychological reaction-time (RT) experiments.
Therefore, the teaching of psychology requires tools and student-appropriate
documentation for the establishing, running, and analyzing of such studies. Even
though a variety of software technologies can run online questionnaires, and some
even online RT experiments, they are difficult to use in teaching psychology for a
number of reasons. One limitation is cost, although this limitation can be overcome
by using open source instead of commercial software (for a review of such software,
see Math6t, Schreij, & Theeuwes, 2012). A second limitation is the requirement of
technical skills, which might form a barrier for students and staff. This limitation is
less of an issue for online questionnaires than it is for online RT experiments. But
even in the case of free online questionnaire tools, they do not easily satisfy more
specific demands of psychology students, such as the randomization of the question
order or a convenient way of scoring and giving feedback to participants about their
test scores. Setting up online RT experiments is even more difficult for those without
skills well beyond what can be expected from psychology students (or staff). One of
the more popular online testing options, “Amazon’s Mechanical Turk (MTurk)” has
been reviewed in this Journal (Johnson & Borden, 2012), yet has some limitations. It
can only be used by users based in the United States, and the programming of an
experiment measuring RTs in the millisecond range requires considerable
experience with Internet technology (Johnson & Borden, 2012). This latter technical
barrier is no different in other web-based solutions for programming RT experiments,
such as jsPsych (De Leeuw, 2015). Nonetheless, MTurk is an excellent tool for
recruiting participants, and there are users who combine Mturk (for recruitment) and
PsyToolkit (for the online RT experiment part of the study).

The web-based resource PsyToolkit specifically aims to resolve financial and
technical limitations in the following ways: (1) It is a free resource, (2) it is specifically
designed for running online questionnaires and cognitive psychological experiments,
(3) it is designed for a teaching environment, and (4) the technical barriers are
minimal. For example, users do not need to understand the underlying computer
technology necessary for running online studies nor do they need to have access to
a separate web server for the web hosting of their online study. Such technical
issues are handled automatically by the PsyToolkit web server. To facilitate online
studies, PsyToolkit comes with its own ways of constructing online questionnaires
and experiments. It also comes with examples of existing psychological scales and
experiments, such that students can learn from these examples when implementing
their own psychological questionnaires or experiments. It also comes with extensive
online documentation and tutorials (including detailed instructional videos) to conduct
studies from start to end.

The Website (www.psytoolkit.org)

To begin, there is a “lessons” section. To make the lessons accessible to a wide
variety of psychology students (in both secondary and tertiary education), they are
written without assumptions about psychological background knowledge. There are
four different categories of lessons. Category 1 lessons are about general concepts
used in cognitive psychological experiments and about basic computer technologies
that cognitive psychologists often rely on. Category 2 lessons are about cognitive
psychological paradigms (e.g., the Stroop, 1935, paradigm). These short lessons are



basic demonstrations that focus on the psychological phenomena rather than on how
to establish the experiment or the data analysis. Each of these lessons comes with a
demonstration of the task which can run in all modern browsers (e.g., Google
Chrome, Firefox, Internet Explorer) and that gives feedback about the user’s speed
and/or accuracy. Category 3 lessons are about other software which can support
setting up and analyzing cognitive psychological experiments (e.g., Inkscape, which
is a free drawing program that is highly suitable for drawing visual stimuli). Finally,
Category 4 lessons are for those who want to set up their own online questionnaires
or experiments. These lessons take users through every step of the process with
examples and video tutorials; these lessons elaborate on the design of the study, the
creation of stimuli, the description of the experiments and questionnaires, data
collection, storage, data download, and importing data into SPSS.

The second resource is the interactive user account system. Following registration,
users can login and create their own online studies. Users can save and store
multiple questionnaires and experiments, including participant data. They can also
conduct online analyses, manage and monitor existing online studies, and share
their developed studies with others. There is also a special interface for teachers to
have easy access to their students’ accounts (students need to consent and sign up
for this feature).

The third resource is a library of cognitive psychological experiments, which can be

accessed without registration. Currently, the library includes more than 20 different

paradigms, including popular paradigms such as the Stroop (1935) task, the N-back
task (Kirchner, 1958), and visual search (Treisman, 1977). Each entry in this library
comes with a short description, references, and a demonstration that can run in the
browser. Each library experiment can be downloaded and modified in a user’s own

PsyToolkit account.

The fourth resource is a library of psychological questionnaires. Currently, this library
includes more than 80 different peer-reviewed scales. There is a short description
about the background of the psychological trait or problem the scale is about, and
there is a reference to the relevant literature. There are numerous scales for different
subdisciplines of psychology, including scales for measuring the Big Five personality
traits (e.g., the short Big Five Inventory [BFI-S], Lang et al., 2011), mental health
issues (e.g., Clinically Useful Depression Outcome Scale, Zimmerman, Chelminski,
McGlinchey, & Posternak, 2008), negative traits (e.g., the Buss—Perry Aggression
Scale, Buss & Perry, 1992; the Problematic Internet Use Questionnaire,
Demetrovics, Szeredi, & R6zsa, 2008), and handedness (which is practical in
combination with certain RT experiments; Veale, 2014). Each of these
questionnaires can be tried out without registration, and these questionnaires
present users with feedback on their own score on the scale as well as the average
scores in the population. Each of the scales shows the PsyToolkit questionnaire
script that can be copied and pasted into a user’s own PsyToolkit account for the
user’'s own online research project. Each scale from the survey library can be
changed or combined with other scales.

These libraries allow users to build their own online study using existing experiments
and psychological questionnaire scales (i.e., “plug and play”). For example, a student
might want to carry out a project about the relation between various aspects of



executive control functions. The student can establish an online questionnaire, copy
and paste the questionnaire code of the Cognitive Flexibility Scale (Martin & Rubin,
1995) or the Webexec (Buchanan et al., 2010), and then embed a task-switching
experiment (e.g., using the alternative runs task-switching paradigm, Rogers &
Monsell, 1995) to relate self-reported measures of executive control with RT data.
Combining existing surveys and experiments from the library is simple to do,
supporting students in addressing and exploring novel psychological questions using
existing measures.

Creating an Online Survey With PsyToolkit

To give a feeling of how online surveys are setup, the following section will explain
how to set up an online survey step-by-step. This information is also available on the
PsyToolkit website. To establish a new study, users need to first register on the
website. Registered users can login to the interactive web-browser interface of
PsyToolkit and then select the option “create new survey” from the menu of options
(on the left of the browser window, Figure 1A). After doing so, the user is presented
with a page into which information about the new survey can be entered (Figure 1B).
Entry fields on this website are typically accompanied by a round question mark
button that links to an online explanation.

[Figure 1] here

The first of these entry fields is an editable “text area,” in which the survey script can
be typed; surveys need to be entered in accordance with a simple “scripting
language” specifically designed for PsyToolkit surveys (examples below). When a
user creates a new survey, the text area will by default contain a few simple example
questions written in this scripting language to give new users an impression of
commonly used question types. Apart from the survey script, there are separate
places to enter information for the welcome screen to be presented to online
participants. The welcome screen can include a description about the study,
researcher contact information, consent information, and so on. There are various
other options for language (besides English, it has support for Arabic, Bulgarian,
simplified Chinese, Danish, Dutch, Finnish, French, German, Greek, Hebrew,
Hungarian, Italian, Norwegian, Polish, Portugese, Romanian, Russian, Spanish, and
Turkish). Once the script and additional information have been entered via the
PsyToolkit website, the user can click the “compile” button to create a working online
qguestionnaire. The user then receives a link to the survey which can be advertised
on social media (e.g., Facebook or Twitter), via e-mail, or in MTurk studies.

When users establish questionnaires, they need to type in the questions one by one
(or copy and paste an existing questionnaire from the survey library). Thus, the
whole questionnaire consists of a set of text lines, and each line tells the computer
how to present the question on screen to the participants. Different questions are
separated from one another by an empty line. Each question starts with the letter
code [, followed by the label (i.e., identifier) of that question. The label is never seen
by the participant of the survey but is purely for the person setting up and analyzing
the survey. The label is used for a number of functions. First, it is used for
representing the answers of participants in a downloadable spreadsheet. Each
question label will be at the top of the output spreadsheet with the answers
participants gave to the specific question. Second, other items in the survey scripting



language can use the labels to calculate scores or to conditionally skip certain
questions depending on the answers given (e.g., some questions might only be
presented if the participant indicates to be of a certain age or gender).

After the first line of the question specifying the label, the next line starts with the
letter code t, followed by the “type” of the question. There are different types of
questions (see Table 2 for all available types) and special items (such as videos or
embedded RT experiments, see Table 2). One of the frequently used types is the
“radio” question that allows users to select exactly one of the multiple options (the
term radio is borrowed from computer science and refers to old style radios, which
used to have arrays of buttons of which only one at the time could be pressed down).
The next line starts with the letter code q, followed by the question text the
participant will be presented with. All following lines starting with a “-” describe the
different choice items a participant sees. Below is an example of a radio question
(survey script Example 1; Figure 2) . The default scoring of this radio question scores
rice as 1, noodles as 2, and so on. It is also possible to specify alternative scores
with the optional “{score=value}” code in the lines describing the different options.

[Table 1] here
[Table 2] here
[Figure 2] here
Survey script Example 1.

I: example question

t: radio

g: Which of the following foods do you like best?

- Rice

- Noodles

- Bread

- Potatoes
In contrast to the question type “radio”, the question type “check” allows participants
to select one or more items from a list. The question type “scale” allows participants
to rate items on a list according to a Likert-type scale. Likert-type scales can be
defined separately using the “scale”: instruction. Each scale being used has a name
and can be used in one or more scale questions (survey script Example 2). Users
can customize the scoring method (which is in the survey script Example 2 is 1-3 for

disagree, neutral, and agree, respectively), for example, by coding which item lines
need to be reverse coded. All custom options need to be put in curly brackets.



Survey script Example 2:

scale: agree

- disagree

- neutral

- agree

I: cat_views

t: scale agree

g: How much do you agree with the following statements?

- Cats are better companions than dogs

- Cats are less intelligent than dogs

- Cats are cleaner than dogs

I: dog_views

t: scale agree

g: How much do you agree with the following statements?

- Dogs are better companions than most other animals

- Dogs are fun to be around

- {reverse} Dogs do not understand many words
The “textline” and “textbox” question types allow participants to enter answers using
the keyboard, such as entering a name or e-mail. Special options are available to
specify the number of lines available in these text boxes. For both these
questionnaire item types, participants can be forced to enter some text before they
can continue (using the require option, Table 2). The “range” question type allows
participants to choose a number using a horizontal slider. The “multiradio” question
type allows participants to select the preferred items of pairs (or triplets, etc.). This
type of selection of preferred items from pairs of sentences is sometimes used in
psychological scales, such as the 16-item Narcissistic Personality Inventory (Ames,
Rose, & Anderson, 2006).
The survey scripting language also allows the presentation of special items, such as
YouTube videos and embedded RT experiments. Embedding videos can be useful

for studies in which a participant needs to watch a video clip followed by questions
about their attitudes toward the viewed material.



Some elements in the survey scripting language are not for presenting information to
participants but for scoring and selective presentation of questions depending on
how earlier questions were answered. The type “set” can calculate a new numerical
value based on the answers to previous questions. The type “jump” allows to jump to
specific questions depending on how earlier questions were answered. For example,
it is possible to ask a participant about their gender and then only present certain
questions to participants who indicated to be female (code survey script Example 3).
Survey script Example 3:

I: gender

t: radio

g: What is your gender?

- Male

- Female

I: my_conditional

t: jump

- if $gender = 1 then goto children

I: for_women_only

t: radio

g: Are you pregnant?

- Yes

- No

I: children

g: Do you have children?

t: radio

- Yes

- No
The jump description is useful, although it can be considered somewhat of an
advanced feature. In any case, it allows users to tailor questionnaires to the answers

participants give. For example, some questions might only make sense for one
gender. In the example above (survey script Example 3), if a participant answers



male to the question about gender, this is coded as 1 and female is coded as 2. In a
jump description, the dollar sign in front of a label represents the value of the answer
to the corresponding question “gender.”

In addition to the codes used for describing the label, the question type, and the
main question text, there is the o letter code to specify options (Table 2). For
example, the “o: random” option will randomize the order of the choices in a question
for each participant.

PsyToolkit will process questions and control items in the questionnaire description
one by one. It is, however, possible to randomize the whole questionnaire or
sections of the questionnaire. Questions between the lines “random: begin” and the
“random: end” will be presented to the participant in random order. Finally, the
scripting language allows to present images above questions. The i letter code
followed by the name of the uploaded image will present an image above the
question text. It is also possible to use images in the answers using the
“image=filename}” option in the lists of items. This latter option allows users to
present, for example, emoticons instead of text answers (code survey script Example
4).

Survey script Example 4:
I: happiness
t: radio
g: How happy do you feel?
- {image=smiley_face.png}
- {image=neutral_face.png}
- {image=frowney_face.png}

Once a user has created a questionnaire survey, the user can make the
questionnaire available online (a unique Internet link will be provided). Users can
monitor how many participants have completed the survey and which answers they
have given. After data collection, users can also download the collected data as a
spreadsheet file.

Creating an Online Experiment Embedded in an Online Questionnaire With
PsyToolkit

PsyToolkit allows users to program RT experiments and to embed these in online
questionnaires. This enables users to combine questionnaire scores with RT or
accuracy data. Similarly to scripts which describe an online survey, there are scripts
which describe an experiment (see Appendix for an annotated example). There are,
for example, functions to show a stimulus, play a sound, and record the time (in
milliseconds) it took the user to press a keyboard button (the details of the scripting
language are described elsewhere, Stoet, 2010).



Users can create a new experiment, or they can copy an existing experiment from
the experiment library. Most students who use PsyToolkit will start with copying an
existing experiment from the experiment library. Students can easily modify the
script, for example, to add more trials, to change the colors of stimuli, to change the
duration of stimulus presentation, or the keyboard keys used by participants.

Once an experiment has been set up successfully, users can run it within the
browser. By default, visual stimuli of experiments are displayed in a 800 x 600 pixels
area of the screen (many desktop and laptop computer screens measure nowadays
1,920 x 1,080 pixels). There are options to change this resolution or to run
experiments in full-screen mode. When the user has finished the experiment, a
button underneath the experiment area will appear giving users the opportunity to
view (and copy) the output data. There is also an option to save the produced output
data to the user’s personal PsyToolkit account. This allows users to later analyze the
data with the built-in website tools to do so or to download these raw data at a later
date.

Users can analyze the RT and accuracy data within the website. For example, users
can request the descriptive statistics of the RT and error rates for each experimental
condition. The analyze section of the website shows output data in tabular format
and can create basic figures representing the data.

The PsyToolkit webpage comes with tools to help with data analysis and further
video documentation on how to analyze data. For example, the analyze section of
experiments enable users to determine how data from experiments are averaged
into the scores which can ultimately be viewed in the spreadsheet (all raw data files
are available for download as well).

Pedagogical Considerations

There are different ways teachers currently use PsyToolkit in teaching psychology,
varying from merely using it for demonstrating basic psychological scales or
questionnaires to having students set up their empirical research project with
PsyToolkit. For those teachers who just want to use it for demonstrations, no specific
training is needed. Teachers can point to the link of the survey or experiment library
to students. Texts are written in simple English, and links to other background
resources are given (e.g., to YouTube videos with the authors speaking about the
trait measured by a questionnaire, such as Marvin Zuckerman speaking about the
sensation seeking trait).

Students can study the background information themselves, and if they have access
to a university library, they can download the references provided. Most importantly,
though, is that the students can fill in the questionnaire online and directly get a
score themselves and learn how they compare to the general population (e.g., on
sensation seeking). To the best of the author’s knowledge, the PsyToolkit
experiment and questionnaire libraries are unique in that they provide background
information as well as a useable online survey or experiment with direct feedback
about scores.



Depending on the course being taught, teachers can also ask students to set up their
own online questionnaire for an empirical research project. The advantage of this is
that the documentation is extensive, and currently many students manage to set up
their own studies using the online text and video tutorials. The author’s experience is
that hundreds of students have succeeded in using the PsyToolkit website this way
without demanding additional help from their teachers. The learning curve is no more
severe than other commonly used software packages (e.g., SPSS or
SurveyMonkey), and in some ways less severe, because this software has been
specifically designed with psychology students in mind.

Teachers may wonder why they would choose PsyToolkit over other online
questionnaire presenters. There are a couple of specific advantages. One reason is
that the PsyToolkit website comes with an extensive library of surveys and
experiments. This allows students to look at working examples, to use these
examples, or to modify them. Further, PsyToolkit is designed with psychological
surveys in mind, which means that commonly used questionnaire types (e.g., Likert-
type scales) are very easy to set up, and question order can easily be randomized.
Another reason for the special advantages of PsyToolkit is that it comes with various
features that standard questionnaire presenters do not have, such as the easy
integration of images in questions (e.g., emoticons), integration of videos, and
multilingual support.

Finally, teachers who wish to employ PsyToolkit do not need to worry about technical
difficulties—using PsyToolkit is straightforward and requires no specific training,
unless teachers want to set up complex novel experiments from scratch. The latter is
an option but might only reflect a small segment of the potential usage options of
PsyToolkit.

Conclusions

PsyToolkit consists of a set of well-documented resources to run online
psychological studies, including tools for online questionnaires and experiments.
PsyToolkit is free of cost and aims to reduce the technical barrier of setting up online
studies.

Appendix

Annotated example of an experiment script. This experiment is an implementation of
a Simon’s (1969) task. The script uses three image files, which would need to be
created separately: a left-pointing arrow, a right-pointing arrow. Please note that this
examples aims to illustrate what an experiment script looks like. For those who wish
to try out this or other examples, it is recommended to try them out using the website
http://www.psytoolkit.org.

# Everything following hash mark is a comment.
# the bitmaps section tells the computer which images to use

bitmaps



instruction # bitmap showing instructions

thanks # bitmap with "thank you" message
mistake # bitmap shown after wrong response
leftarrow

rightarrow

# Below a table with 4 conditions. Columns mean the following:
# col1: description. col2: x-position (-200 or 200).
# col3: red channel, col4: green channel (255 is max value).
# col5: which of the two keys used is the correct one.
# Each time the task runs, one row will be used for the trial.
table simontasktable
"left_stimulus left_response red" -200 leftarrow 1
"right_stimulus left_response red" 200 leftarrow 1
"right_stimulus right_response green" 200 rightarrow 2
"left_stimulus right_response green" -200 rightarrow 2
task simon
table simontasktable # the table that describes conditions
keys a | # the used keys
show rectangle 0 0 10 10 255 255 255 # fixpoint
delay 200 # wait 200 ms
clear 1 # remove first stimulus from screen
delay 50
show bitmap @3 @2 0 # show the bitmap of column 3 (X=@2, Y=0)
readkey @4 5000 # wait for keyboard response

clear 2



if STATUS != CORRECT # if correct button was not pressed or slow
show bitmap mistake
delay 3000
clear 3
fi # end of conditional block ("fi" is opposite of "if")
delay 500
save BLOCKNAME @1 TABLEROW KEY STATUS RT # save data
block test
message instruction # show "instruction" and wait for space bar
tasklist
simon 20 # do 20 trials of simon task.
end
message thanks ## show thank you at end of experiment

Author’s Note
Research conducted by Gijsbert Stoet, Leeds Beckett University.
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PsyToolkit on the web

General - . Ty
e Create a new online survey
There are different ways of creating a new survey: ('T
1) You just give a name, and an 'empty' survey will be created.

= 2) You upload a PsyToolkit survey file (must be zip, no other format will work).
reate
i e — Method 1: Completely new survey

e Give a name for the new survey (spaces and special characters will become underscores):
ctions “IIIIIIIIIIIIIIIIIIIIII‘III“I
Create completely new online survey

PsyToolkit on the web

Hello Gijsbert!
Online survey test

Enter/edit in the box below: F [scripting help tab] [survey library tab

1: examplequestionl

t: radio

q: Which of the following foods do you like best?
- Rice

- Noodles

- Bread

- Potatoes

1: examplequestion2
t: check
q: Select all of the following drinks did you had today?
- Water
- Orange juice
T

Figure 1. (A) Screen capture of the survey creation function. This screenshot shows how
web-based functions are ordered in menus on the left of the browser window, whereas
editable areas related to the function are on the right. (B) Screen capture of the survey
edit function. The same organization is present, with functions on the left. Now, the online
survey edit function is present right of the menu, with the two default questions presented
in a new survey. An upload button is present for uploading survey-specific image files. The
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Table I. Code Instructions of the Questionnaire Scripting Language.

Code Explanation

I The label of the question
The type of question (see Table 2 for types)

q The text of the question the participant sees. Can contain
HTML formatting tags
o An option for this specific question (see Table 2)

i One or more images to be presented above the question

- Each individual line a participant can select from in a
question. This type of “item” line can also contain options
(see Table 2)

Table 1. Code Instructions of the Questionnaire Scripting Language.
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Table 2. Question and Control Types in the Questionnaire Scripting Language.

Type Description Options

Radio Choose one out of multiple options Random for random order, score for custom score

Check Choose one or more options Random for random order, score for custom score

Textline Enter a line of text In item lines®: require to require that participant enters some text (to continue);

Textbox Enter one or more lines of text
range Select a number on a range

Multiradio  Choose preferred items out of pairs (or
larger groupings)

Info Just present information and a continue
button

YouTube  Watch a YouTube video

Experiment Carry out a PsyToolkit experiment

Jump Jump to a different question/item,
conditionally or unconditionally

Scale Rate items according to a Likert-type scale

Set Calculate a score based on the answers to

other questionnaire items

min and max can provide the lowest and highest possible value. If min and max are
specified, the textline will only allow participants to enter a number

In item lines: require to require that participant enters some text (to continue)

In item lines: min and max can provide the lowest and highest possible value. Left and
right can provide labels left and right of the slider

The number of items per group of items need to be set. The most common choice is 2
(pairs of items)

In item line: fullscreen for fullscreen window

In item lines: score for custom score, reverse for reverse coding of Likert-type item

?ltem lines are the lines starting with a “-” character, describing the choice items a participant sees (see code Example 1).

Table 2. Question and Control Types in the Questionnaire Scripting Language.
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Which of the following foods do you like best?
Rice
Noodles

* Bread

Potatoes

Click this button to continue

Figure 2. The way survey script Example 1 looks when a participant runs the
guestionnaire.
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