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Abstract
OpenMATB is an open-source variant of the Multi-Attribute Task Battery (MATB) and is available under a free software license.
MATB consists of a set of tasks representative of those performed in aircraft piloting. It is used, in particular, to study the effect of
automation on decision-making, mental workload, and vigilance. Since the publication of MATB 20 years ago, the subject of
automation has grown considerably in importance. After introducing the task battery, this article highlights three main require-
ments for an up-to-date implementation of MATB. First, there is a need for task customization, to make it possible to change the
values, appearance or integrated components (such as rating scales) of the tasks. Second, researchers need software extensibility
to enable them to integrate specific features, such as synchronization with psychophysiological devices. Third, to achieve
experiment replicability, it is necessary that the source code and the scenario files are easily available and auditable. In the
present paper, we explain how these aspects are implemented in OpenMATB by presenting the software architecture and features,
while placing special emphasis on the crucial role of the plugin system and the simplicity of the format used in the script files.
Finally, we present a number of general trends for the future study of automation in human factors research and ergonomics.
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Introduction

First presented as a NASA Technical memorandum
(Comstock & Arnegard, 1992), the Multi-Attribute Task
Battery (MATB) contains a set of interactive tasks that are
representative of those performed during aircraft piloting. It
was designed at the NASA Ames Research Center as part of a
more general software development project, following the
Workload/PerformANcE Simulation (Window/PANES;
King, Keifer, & Hart, 1989), a simulation of flying tasks,
and the Strategic Control of Response Efficiency (SCORE;
Hancock & Winge, 1988), a task battery for the analysis of
strategic behaviors (see also Arnegard, 1991). MATB

coherently reduces real-life piloting tasks to a format permit-
ting the required level of experimental control. It requires
participants to engage in four tasks presented simultaneously
on a computer screen. These consist of (1) a monitoring task,
(2) a tracking task, (3) an auditory communication task, and
(4) a resource management task. The display screen also con-
tains a (5) scheduling view displaying a chart of incoming task
events (see Fig. 1).

MATB offers a robust way to study the effects of various
parameters (e.g., automation, priorities, instructions, and so
on) on the components of the participant’s multitasking be-
havior, such as his/her decision-making, level of performance,
ocular behavior, mental workload, and so on. Moreover, the
realistic nature of the reduction allows researchers to design
experiments that can be used even with participants having no
prior experience of aircraft. This probably explains why, since
it was first published, MATB has undoubtedly become one of
the most firmly established microworlds used by human
factors researchers. A Google Scholar search of international
books, journals, and conference proceedings that excluded
patents and citations revealed 681 references as of April
2018. Interestingly, the number of retrieved MATB
references has grown since 1990, with 86 references in the
1990s, 231 in the 2000s, and more than 360 since 2010.
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Therefore, although it is now almost 30 years old, MATB still
provides important support for scientific researchers.

Importantly, Comstock and Arnegard (1992) included the
source code for a software implementation of these tasks,
clearly detailing each one of them. However, it was written
in the now outdated Microsoft QuickBasic 4.5 language.
Almost 20 years later, an updated version of the software
was proposed by Santiago-Espada, Myer, Latorella, and
Comstock (2011), and named the “revised Multi-Attribute
Task Battery” (MATB-II). While MATB-II was designed for
more modern operating systems, the source code was not
made freely available and there was no easy way to extend
it. This led other researchers to design MATB variants ad-
dressing specific needs, such as AF-MATB (Miller, 2010),
or TSU-MATB (Thanoon, Zein-Sabatto, & McCurry, 2017).
This is also the case with unpublished variants of MATB (e.g.,
Gazes et al., 2012). However, due to the multiplicity of the
variants and the lack of the corresponding source codes, it has
been difficult to document changes to the tasks and share
additions to the software. As a result, the research community
has become fragmented and this has impeded the replication
of studies.

OpenMATB represents an open-source re-implementation
of the Multi-Attribute Task Battery. Consolidating the avail-
able variants, it is also based on a modular approach allowing
full customization and extensibility. The software source code
is freely available under a free software license, which greatly
facilitates experiment replication.

In this article, we first present the four tasks of the multi-
attribute task battery before highlighting the three main con-
tributions of OpenMATB: (1) task customization, (2) software
extensibility, and (3) experiment replicability. We then present
the software architecture and features.We conclude with some
outlooks for the collaborative development of OpenMATB,

internationalization issues, and more general trends in the
study of automation in human factors and ergonomics
research.

Presentation of the Multi-Attribute Task Battery
MATB requires participants to simultaneously perform

four tasks that are distributed over the screen. A system mon-
itoring task is displayed at the top left of the environment. A
compensatory tracking task is at the top center. The interactive
part of an auditory communication task is located at the bot-
tom left. A resource management task is located at both the
bottom center and the bottom right of the screen. Finally, the
task battery also contains a scheduling view at the top right of
the screen, displaying a chart of incoming events but not re-
quiring any intervention from the participant (Fig. 1). So far,
no formal justification for this screen layout has been pro-
posed. However, Singh, Molloy, and Parasuraman (1997)
have shown that moving an (automated) task into the opera-
tor's foveal field does not bring about a significant difference
in performance, suggesting that these locations are only sec-
ondary parameters when compared with the nature of the pro-
posed tasks. It is worth noting that the MATB environment is
often used in a modular fashion, displaying only a subset of
the tasks that are available. For instance, to study the effect of
automation on performance, Parasuraman, Molloy, and Singh
(1993) studies only displayed the monitoring, tracking, and
resource management tasks. To understand the effect of
multitasking, Molloy and Parasuraman (1996) also compared
the MATB to a modified version displaying only the system
monitoring task.

The system monitoring task

In the system monitoring task, participants have to watch six
visual indicators and correct any abnormal behavior. Under

Fig. 1 Screen capture of the default OpenMATB main screen
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normal conditions, the two top buttons (or “lights”) labeled
“F5” and “F6” are respectively turned on (green) and off
(gray). However, if “F5” turns off (gray color) or if “F6” turns
on (red), the participants must press the appropriate response
key (F5 and F6 respectively), in which case the button imme-
diately returns to its default status. In most cases, these two
buttons differ in their active color (i.e., green for the left but-
ton, red for the right button).

The bottom section of the task consists of four graduated
scales labeled “F1”, “F2”, “F3”, and “F4”. Each scale contains
a pointer that varies around the center. If the pointer moves
outside of the central zone, either above or below, the partic-
ipants must hit the corresponding response key (F1, F2, F3,
and F4, respectively). When they do this, the task delivers two
visual feedbacks. First, the pointer is set to the center of the
scale and, secondly, a yellow rectangle appears at the very
bottom of the corresponding scale. Both types of feedback
are maintained for a predefined duration (e.g., 1.5 s in
Comstock & Arnegard, 1992).

It is important to note that participants have only a limited
amount of time (e.g., 15 s) to detect any abnormality before
the situation returns to normal on its own, which would be
considered as a human failure to respond to a task
requirement.

In general, performance on the system monitoring task has
been measured in terms of the percentage of successfully de-
tected events, the mean response time for detection, as well as
the number of false alarms made by the participant. It is also
possible that the participant might have detected an event re-
quiring intervention but hit an incorrect response key.
Depending on the analysis, this can be considered either as
an error (of correction) or a success (of detection). Because of
this ambiguity and the low probability of such events, some
authors usually exclude them from the analysis (e.g.,
Parasuraman et al., 1993).

The tracking task

The tracking task is assumed to replicate continuous compen-
satory actions inherent in piloting an aircraft. Participants have
to keep a cursor inside a rectangular target area, which is
located at the center of a graduated scale. The cursor move-
ments follow a forcing function corresponding to a sum of
sinusoidal waves for the X and Yaxes. As a result, the cursor
path is comparable to a Lissajous curve, appearing random but
actually being strictly identical across participants regardless
of their actions. Whenever the cursor leaves the target area, it
turns red.

This task can be handled either in a manual or an automatic
mode. The corresponding label is displayed at the bottom right
of the task. In manual mode (“MANUAL” label), participants
have to use a joystick to keep the cursor in the target area. In
automatic mode (“AUTO ON” label), the cursor movements

are automatically compensated for by moving the cursor back
toward the target area. In general, this task alternates between
manual and automatic phases. These distinct phases can be
displayed in the scheduling view (see below).

Performance on the tracking task is generally computed as
the root mean squared (RMS) deviation of the cursor, from the
center point, over various time points. For instance, in Molloy
and Parasuraman (1996), the average RMS was calculated
over periods of 1 s. However, depending on the instructions
given, performance can also be considered as the proportion
of time spent in the target area.

The communication task

The communication task represents pilots’ interactions with
air traffic controllers (ATC), who might request changes in
radio frequencies. Participants are presented with their own
call sign (e.g., “GB54”) and possess four radio channels
(“COM 1”, “COM 2”, “COM 3”, and “COM 4”) tuned to
particular frequencies. At various onsets, defined by the ex-
perimenter, an auditory instruction is provided in the follow-
ing form: “{call sign} {call sign}, tune your {radio} radio to
frequency {frequency}”, for instance “G B five four, G B five
four, tune your com one radio to frequency one three zero
point five.”

However, as is also the case in natural settings, not all
auditory instructions are relevant, and each participant has to
ignore any instructions that do not start with his/her own call
sign. As a consequence, no response is required from the
participant when the instruction starts with a distracting call
sign (e.g., “FR32” instead of “GB54”). If the call sign is rel-
evant, the participants must carry out the instructions as quick-
ly and accurately as possible. To do so, they have to use the
“up/down” arrow keys on the keyboard to select the correct
radio channel, and the “left/right” keys to decrease/increase
the frequency of the selected radio. The participants must then
hit the return key to validate their response, and their perfor-
mance is generally assessed in terms of response accuracy and
response time. At all times, the selected radio is surrounded by
small triangles symbolizing the possible actions, i.e., selecting
(▲▼) or tuning (◂ ▸) the radios.

The resource management task

The resource management task takes the form of a diagram-
matic representation of an aircraft fuel system. The task con-
sists of a set of six rectangular tanks, two of which are deplet-
ing at a constant speed (800 units per minute). There are a
number of pumps between the tanks to make it possible to
transfer fuel from one tank to one another at a fixed and spe-
cific rate (e.g., 600 units per minute). The participants' task is
to maintain the two depleting tanks at a fuel level of 2500 by
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turning the eight available pumps on and off by means of the
corresponding numpad key (from 1 to 8).

Importantly, two of the supply tanks have a maximum ca-
pacity of 2000 units (tanks C and D) and the other two tanks
have unlimited capacity and can therefore never be empty
(tanks E and F). The participants must remember that each
pump has a specific transfer rate. These flow rates are
displayed on the right of the task (see Fig. 1) and are displayed
only for the pumps that are activated at any given time. By
default, pumps 1 and 3, which transfer fuel from capacity-
limited tanks, have a flow rate of 800 units per minute.
Pumps 2, 4, 5, and 6, which transfer fuel from unlimited-
capacity tanks, have a flow rate of 600 units per minute.
Pumps that transfer fuel between the two top tanks have a
flow rate of 400 units per minute. As a result, the tank-pump
pairs with the highest transfer rates are also those with limited
capacity. When a tank is full, all incoming pumps are auto-
matically disabled. Similarly, whenever a tank is empty, all
outgoing pumps are automatically disabled.

At the visual level, tanks are displayed as rectangles in
which the height of the green area indicates the fuel quantity.
Moreover, the corresponding level value is displayed below
the tank. The pumps are also color-coded for their status:
white indicates a pump that is currently disabled and is not
transferring any fuel (the flow rate is therefore zero), whereas
green indicates an active transfer. Red indicates a transfer fail-
ure (the flow rate is also zero in this case).

In the same way as for the tracking task, performance on
the resource management task can be interpreted in two ways
depending on the instructions given to the participants. First,
one can consider performance on the top two tanks as the
RMS error over a given period. Santiago-Espada et al.
(2011) proposed setting a tolerance threshold, say ± 500 units,
and computing the proportion of time during which the level
of a tank fell within the corresponding range (i.e., between
2000 and 3000 units).

The scheduling view

The scheduling window, displayed at the top right of the en-
vironment, allows the participant to anticipate the events of
the communication and tracking tasks for the next 8 min. For
each task, a vertical red line indicates the periods when the
task will be either inactive (communication) or handled auto-
matically (tracking), while a green rectangle indicates periods
when at least one action will be required. Consequently, the
last perpendicular red line indicates the end of the tasks. The
communication task (“C” label) is displayed on the left of the
view, while the sequencing of the tracking task (“T” label) is
displayed on the right. The view also shows a digital clock
indicating the time that has elapsed since the start of the ex-
periment. The scheduling information is considered to be a
view and not a task because it only informs the participant

about the incoming events and does not require any direct
response. Therefore, no performance index can be computed
in relation to this view.

The workload rating scale

Although it is not part of the task battery itself, the different
implementations ofMATB offer the possibility of displaying a
workload rating scale at any time. In general, a simplified
version of the NASA-TLX (Hart & Staveland, 1988) is im-
plemented. Participants must use the mouse to evaluate each
dimension of the scale. Once all the dimensions are set, the
participants must press a “Validate” button at the bottom of the
screen. When the scales are displayed, the experiment timer is
paused. This starts again when the “Validate” button is
clicked.

Requirements for an updated
implementation

Almost 30 years have passed since the original MATB
(Comstock Jr & Arnegard, 1992) and it is no longer adequate
to meet up-to-date research requirements. Multiple re-
implementations have been designed, such as MATB-II
(Santiago-Espada et al., 2011), AF-MATB (Miller, 2010), or
TSU-MATB (Thanoon et al., 2017).

Various authors have tried to keep the core of MATB func-
tioning asmuch as possible as there is considerable supporting
literature concerning the use of this battery. Consequently,
when screenshots of different interfaces are compared, it can
be seen that the designs are very similar (Fig. 2). However,
hardware and software have advanced greatly since the orig-
inal version, and it appears necessary to adapt MATB. For
instance, the tracking task was initially located inside a rect-
angle filling the center part of screen (between the monitoring
task and the scheduling view). However, such a presentation
with modern 16:9 screens would exacerbate differences be-
tween the axes and lead participants to control the cursor dif-
ferently, depending on the computer's screen ratio. MATB-II
keeps the tracking task in a square area, while OpenMATB
proposes both possibilities depending of the research goal
(replication or new study). The need for modifications such
as this clearly indicated the requirement for task
customization.

Moreover, since the range of research topics addressed has
greatly evolved since the original MATB was published, re-
searchers now need significant additions to the battery, for
example by integrating different types of visual feedbacks
(TSU-MATB) or new types of automation (AF-MATB).
Such changes require software extensibility to permit the con-
trolled addition of new functionalities.
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It is important that task customization and software exten-
sibility do not lead to difficulties in experiment replicability. It
is necessary for MATB variants to replicate the original ver-
sion to the greatest possible extent, for the entire internal func-
tioning to be documented, and for the source code to be
shared. Any such variant should also employ simple scenario
scripts that can be shared and analyzed by researchers.

Overall, we consider that a new implementation should
promote the following three aspects: (1) task customization
so that the current task set can be appropriately adapted to
the experimenter's needs; (2) software extensibility to permit
the simple addition of new features, and (3) experiment
replicability to favor replication studies, the transparency of
the methods and, hence, the credibility of the results.

Task customization

In an experimental design, it may be necessary to change
different values of the task at precise moments. For instance,
in the resource management task, an experimenter might want
to change the tank capacities or the flow rates at the start of the
experiment, or to cause pump failures at given moments in
time. For this to be possible, it must be simple to control all
aspects of the battery by means of a scenario file or a config-
uration screen. Thus, AF-MATB (Miller, op. cit.) was specif-
ically designed to allow the customization of all the MATB
task values, while preserving the functioning of MATB.

At the same time, visual aspects are also highly relevant
and it is necessary to be able to modify them (for example, by
disabling the visual feedback from the monitoring system or
the aspect ratio of the tracking task). For instance, TSU-
MATB (Thanoon, Zein-Sabatto, &McCurry, op.cit.) provides
visual performance cues in the different tasks which were not
initially available.

Moreover, MATB and MATB-II both included the NASA-
TLX in order to assess the mental workload of the partici-
pants. However, automation researchers might be interested
in presenting other rating scales during the performance of the
task, such as those addressing the issue of trust and confidence
in automation (Jian, Bisantz, & Drury, 2000). However, such
changes are currently not possible. A new version of the

software would therefore have to provide a simple way to
customize all these aspects of MATB (task values, display,
scales, etc.).

Software extensibility

The scientific literature concerning automation has made great
advances. To accompany the numerous changes, qualitative
modifications to MATB have sometimes been required. For
instance, Navarro, Heuveline, Avril, and Cegarra (2020) had
to develop a special version in order to implement and com-
pare different automation modes (such as warning, co-action,
or full delegation). Currently, no existing implementation has
been designed to accompany the development of scientific
investigation by facilitating the addition of new extensions
or even new tasks (such as distractor tasks) to the MATB
environment.

One of the most crucial modifications that has led to the
development of a new MATB variant is probably the integra-
tion of psychophysiological parameters, such as heart rate, eye
movements, or electroencephalography (EEG), during the ex-
ecution of MATB (e.g., Papadelis, Kourtidou-Papadeli,
Bamidis, & Albani, 2007). Indeed, to incorporate such chang-
es, it is necessary to resolve issues relating to both synchroni-
zation and integration that are the topic of many scientific
discussions (e.g., Chambers & Brown, 2003). However, with
the exception of AF-MATB, the available MATB
implementations are not fully designed to trigger a signal that
might be used to synchronize external devices. Some tech-
niques exist that do not need a common reference time or
online synchronization signal. These include the use of an
off-line signal on each device for later synchronization
(Hoogeboom, 2002). However, these changes are not easy to
implement without access to the source code. While the orig-
inal MATB is the only implementation for which the source
code has been provided, the programming language is now
too outdated for modern computers. Therefore, it is currently
not possible to extend MATB so that it can accurately syn-
chronize signals between external devices. A new implemen-
tation of MATB should therefore incorporate such features.
Next section explains how such extensions can be easily

Fig. 2 Screen capture of the original MATB, MATB-II, and OpenMATB. Black and white colors of the original MATB have been inverted for
readability
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integrated via the OpenMATB plugins system, which is one
aspect of the software architecture that satisfies the require-
ments of an updated MATB implementation.

Experiment replicability

Replicability is of central concern in science. From an histor-
ical perspective, non-reproducible observations have been
shown to be non-significant in science (Popper, 1934).
Importantly, recent studies have found that, in psychology,
the experimental effects reported in 100 major publications
were replicated in only 36% of cases compared to 97% in
the initial studies (Aarts et al., 2015). In line with the recom-
mendations of the manifesto for a reproducible science, an
implementation of MATB should enhance experimental re-
producibility in terms of methods, reports, and dissemination
(Munafò et al., 2017). Currently, the three main obstacles to
replicability are as follows:

& First, and surprisingly, not all MATB variants really at-
tempt to replicate the original MATB. For instance,
TSU-MATB differs considerably, for example by exclud-
ing the scheduling task and the pump display and, more
generally, by diverging from the appearance and function-
ing of the original MATB. Researchers cannot be certain
that studies conducted with TSU-MATB and MATB will
produce the same results. It is therefore crucial for a new
version to replicate the original MATB to the greatest pos-
sible extent and that any remaining differences are
documented1.

& Second, the lack of the source code in most
implementations makes it impossible to examine the
source for errors or inaccuracies. According to Plant
(2015), improper code and timing errors might explain
the “replication crisis” in science. While external devices
might help validate chronometry, the source code is vital
for the detailed audit and improvement of any program.

& Third, the initial version of MATB used a crude script
language. In MATB-II, this script language was replaced
bymore advanced script, the extensibleMarkup Language
(XML). However, this file format is probably not of great
use for defining scenarios as it is considered very verbose
even when processing small modifications, and especially
when compared to the comma separated format CSV (see
Lawrence, 2004). In the same way as for the source code,
a human-readable format is also necessary in order to
share, audit and replicate scenarios. Therefore, to promote
experiment replicability, a new implementation should

provide a simple (human-readable) script language and
the source code should be made universally available.

As Table 1 shows, all the MATB variants have powerful
capabilities. However, no single version currently meets all
the requirements of task customization, software extensibility
and experiment replicability. These requirements therefore lie
at the heart of the OpenMATB architecture, which is presented
in the next section.

OpenMATB architecture

OpenMATB is a cross-platform software development pro-
grammed in Python (2.7). It is covered by a free software
license to promote exchange between researchers, granting
them the permission not only to run and study the source code,
but also to share their software modifications. To run perfectly,
the software requires only a personal computer and a joystick
for the tracking task. Downloads are available in both source
and binary versions.

An extensible set of plugins, controlled by a scheduler
OpenMATB is organized around a main scheduler, which

manages all the events based on the script provided by the
experimenter (see Fig. 3, center). More precisely, the main
loop of the software is based on the Python timing library
(time.clock in Windows Operating systems, time.time under
Linux and Mac), as recommended by the technical documen-
tation. The temporal accuracy is about .05 ms. Graphical ob-
jects that change their graphical form, such as scales or lights,
provide a lower temporal accuracy, although this is still within
1 ms (see http://doc.qt.io/qt-5/qtimer.html). For the other
components (audio, keyboard, screen), the same constraints
as in other Python software applications apply (see, for
instance, http://docs.expyriment.org/Timing.html). This
approach makes it possible to follow the precise timing
planned in the scenarios (Fig. 4).

The software also contains a plug-in system that favors its
extensibility. More precisely, plugins are features that are pro-
grammed in separate Python files (which are therefore referred
to by their respective filenames). They communicate with the
main program in order to provide additional capacities. They
are loaded at program start only if a scenario requires their use.
Therefore, if a scenario does not start a plug-in, it will not be
launched, and it will consequently not be visible on the screen.
By default, OpenMATB provides plug-ins for all tasks and
displays (track, sysmon, resman, communications, schedul-
ing, pumpstatus). This allows one to choose precisely which
tasks are displayed in the experiment.

OpenMATB also provides a plug-in to load and present a
rating scale in an external text file format, such as the NASA-
TLX, or any other rating scale. More precisely, the workload
rating scale is only a special case of a more generic system that

1 The wiki provides the list of differences between the MATB variants and
OpenMATB. It also explains how to swap functionalities in order to strictly
adhere to the MATB or the MATB-II variant.
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allows the experimenter to present custom rating scales at any
time. The software therefore contains a “Scales” folder where
templates can be copied and adapted to meet the experi-
menter's research needs. This system allows the experimenter
to handle the presentation of custom rating scales, either on
the fly (e.g., between two blocks) or at the very end of the
experiment, depending on his/her needs.

Two plug-ins are included to show how to perform easy
online synchronization with external devices. The first one
(trigger) makes it possible to send a generic parallel port syn-
chronization signal to a device. More precisely, the computer
should be connected to the recording system (e.g., EEG equip-
ment) by means of a parallel cable. A simple command causes
OpenMATB to send a pulse at the beginning or the end of a

trial or at any desired moment in the script. By observing
when the signal is received in the external equipment, it is
possible to precisely synchronize the physiological parameters
with the OpenMATB scenarios. This approach is the most
common way to perform online synchronization with any ex-
ternal device, as in done, for example, in PsychoPy (Peirce
et al., 2019). The second plug-in (smieyetracker) demonstrates
how to communicate data to an external device, in this case an
SMI eye-tracker. The plug-in makes it possible to connect to
the device and directly sends experimental data, such as area
of interest (AOI), during the experiment. Writing plug-ins for
a specific device is considered easy and the trigger system
makes it possible to connect to most devices without any code
change.

Fig. 3 Architecture of the OpenMATB software

Table 1 Comparisons of the capabilities of the MATB implementations regarding task customization, software extensibility and experimental
replicability

AF-MATB
(Miller,
2010)

MATB
(Comstock
Jr & Arnegard,
1992)

MATB-II
(Santiago-
Espada et al.,
2011)

OpenMATB TSU-MATB
(Thanoon
et al.,
2017)

Task customization Change of all task values (e.g., pump values) ✓ ✓ ✓ ✓ ✓

Modification of visual aspects (e.g., feedbacks) ✕ ✕ ✕ ✓ ✓

Modification of integrated components (e.g.
rating scales)

✕ ✕ ✕ ✓ ✕

Software
extensibility

Addition of new tasks ✕ ✕ ✕ ✓ ✕

Synchronization with external devices ✓ ✕ ✕ ✓ ✕

Experiment
replicability

Attempt to replicate the MATB ✓ ✓ ✓ ✓ ✕

Source code availability ✕ ✓ ✕ ✓ ✕

Human-readable scripts ✕ ✓ ✕ ✓ ✕
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Each plug-in also automatically provides a set of variables
and commands that can be modified or called by the scenario
script. The online manual explains the variables and the ac-
cepted values for each plug-in in more detail so that users can
customize their tasks. It also details how the software can be
easily extended by designing a new plug-in.

Scenario script files

As previously noted, scenario scripts have to be written in the
simplest language possible in order to enhance experiment
replicability. More precisely, in OpenMATB, the program-
ming of an experiment is based on a comma-separated values
(CSV) text file, which is editable with any plain text editor.
The file contains all the necessary task customization param-
eters, as well as the events that the experimenter wishes to
manipulate. Consequently, this file has two main purposes.
First, it allows the experimenter to customize any task param-
eter that is available at a predefinedmoment in time. Second, it
makes it possible to keep a record of the methodological
choices made by the experimenter, such as the task parameters

or the sequence of events. This latter capability is at the core of
OpenMATB’s response to the issue of replicability. To repli-
cate an experiment, it is sufficient to request the corresponding
script file and then use it with the relevant OpenMATB
version.

Overview of the script format

To illustrate the text file format, we replicated an extract of
Parasuraman et al.’s (1993) study. Among the many scientific
contributions made using MATB, this one has been quoted by
about 800 different scientific publications as of April 2018.
This level of reproduction illustrates the added value of our
approach with regard to experiment replicability. While the
authors who replicated Parasuraman, Molloy, and Singh were
forced to modify the source code of the original MATB soft-
ware to implement their own experiments, OpenMATBmakes
it possible to switch easily from one paradigm to another using
an external script file which can be easily performed by any
researcher. Moreover, such an approach favors experiment

1. # 1. Set tasks parameters
2.

3. # 1.a. System monitoring parameters

4. 0:00:00;sysmon;automaticsolverdelay;4000
5. 0:00:00;sysmon;feedbackduration;1500

6. 0:00:00;sysmon;alerttimeout;10000

7.

8. # 1.b. Tracking parameters
9. 0:00:00;track;cursorcolor;#009900

10. 0:00:00;track;cutofffrequency;0.06

11. 0:00:00;track;equalproportions;False
12.

13. # 2. Start relevant tasks at the beginning

14.
15. 0:00:00;pumpstatus;start

16. 0:00:00;resman;start

17. 0:00:00;track;start

18. 0:00:00;sysmon;start
19.

20. # 3. Set system monitoring events (16 system malfunctions: example of a low-reliability block 

[56.25% of automatic resolving]). 
21. # For the sake of simplicity, only one of the 16 malfunctions is shown

22.

23. 0:00:34;sysmon;scales-1-failure;down
24. 0:00:34;sysmon;automaticsolver;True

25. 0:00:34;sysmon;lights-2-on;True

26.

27. # 4. End tasks at 10 minutes
28. 0:10:00;pumpstatus;stop

29. 0:10:00;resman;stop

30. 0:10:00;track;stop
31. 0:10:00;sysmon;stop

32. 0:10:01;end

Fig. 4 Example of a low-reliability block (10 min, with 56.25% or nine of 16 malfunctions detected) from Parasuraman et al.’s (1993) experiment.
Timestamps are in h:mm:ss format. Durations are expressed in milliseconds
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replication because it avoids potentially divergent interpreta-
tions of the study’s materials and methods.

In a script file, the program will ignore either the empty
lines or those starting with a hash (comments). Relevant lines
start with a timestamp value that indicates the exact time at
which the action is executed. The line is then built from dif-
ferent fields that are comma-separated. The line ends with a
carriage return. In the above example, different lines are exe-
cuted at a timestamp of 0:00:00 (lines 4 to 18). This is because,
for the sake of simplicity, all initial and customization param-
eters are timestamped at 0:00:00 or at least before the corre-
sponding tasks are started (lines 15 to 18). For each task, data
will be recorded between the start and the end commands. A
general end command will stop the experiment (line 32).

In the example, some lines are constructed from three
fields. For instance, the systemmonitoring task (alias sysmon),
which is started at zero and stopped after 10 min with the
following commands: 0:00:00;sysmon;start (line 18), and
0:10:00;sysmon;stop (line 32). These explicit commands have
several uses. First, they allow the program to compute the total
duration of the scenario and to start/stop the tasks accordingly.
They also give the experimenter greater flexibility in handling
multiple tasks as dynamically as possible.

In the example, Parasuraman and colleagues (op.cit.)
wanted to provoke an event in the system monitoring task
and, more precisely, a failure of the first gage, which had to
move to the lower part of the bar at exactly thirty-four sec-
onds. This is achieved by means of the following line in the
scenario file: 0:00:34;sysmon;scales-1-failure;down (line 23).
This line contains four different fields; timestamp, task, vari-
able, and value. More precisely, the latter two fields identify
the variable that is to bemodified and the value that will be set.
This example also illustrates a case of nested variables with a
hierarchy of three levels (‘scales’, ‘1’, and ‘failure’). The var-
ious levels of such a hierarchy are separated from each other
by a dash. Here, this means that the target variable relates to

the first entry of the scales component of the task. Internally, a
dictionary, which contains all the variables related to the com-
ponents of the system monitoring subtask, is then updated
based on the new value. Awiki2 which describes the hierarchy
data for the different variables is available online.

While the script language is as simple as possible, its prop-
er use demands thorough knowledge of the different task var-
iables, their hierarchization, as well as their different possible
values. For instance, consider the following examples:

0:00:00;track;automaticsolver;False
0:00:00;track;taskupdatetime;50
Here, the first line uses the automaticsolver variable, which

defines whether a subtask is automated and imposes a
Boolean condition (True or False). The second line uses the
taskupdatetime variable, which is an integer value (in milli-
seconds) and specifies the rate at which the task values should
be updated. The list of accepted values is detailed in the wiki.

Log file format

To avoid the complexity of generating a separate response log
file for each task, OpenMATB provides a single output file for
each participant. A single file is written on the fly for each
scenario. It is stored in the Logs folder and includes a
timestamped list of relevant subtask parameters that are then
parsed and filtered for further processing.

While the scenario file has been designed to be as simple as
possible, the log file is usually very verbose and, indeed, all
the parameters that are necessary in order to compute multiple
indexes of performance are recorded. For instance, the relative
coordinates of the cursor in the tracking subtask are saved
each time the task is updated. This allows the experimenter
to perform all the types of analyses that he/she needs. It should

Fig. 5 Screens capturing Parasuraman et al.’s (1993) modified MATB and OpenMATB replication

2 See https://github.com/juliencegarra/OpenMATB/wiki
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be noted that the list of logged parameters can be extended to
suit each experimenter's particular needs. Readers interested in
such a manipulation should consult the online documentation.

Comparing the screen captures of Parasuraman et al.’s
(1993) modified version of MATB and the replication per-
formed using OpenMATB (Fig. 5) shows the versatility of
the software and its ability to promote task customization,
software extensibility, and experiment replicability.

Conclusions

In this article, we have presented the main features of
OpenMATB. Readers can refer to the online manual for more
detailed aspects, such as the internationalization of the soft-
ware (i.e., how the software was designed to incorporate var-
ious languages and respond to regional aspects) and the local-
izationmethod used to provide new translations for text and/or
audio files. OpenMATB is available on a collaborative plat-
form to encourage researchers to share their plugins and to
help in the reporting and correction of any issues that may
arise. All changes to OpenMATB are implemented using a
version control system which permits the unproblematic roll-
back to earlier versions as required and permits the safe pro-
vision of new features or bug fixes.

Three aspects or limitations of OpenMATB could be ad-
dressed in future versions.

First, even though the script format is human-readable, it
requires users to type the commands manually and to refer to
the documentation for the variables and accepted values. In
AF-MATB (Miller, 2010), a script generator was provided to
facilitate the design of experiments. A similar feature in
OpenMATB would also ensure that the process of designing
and debugging the scripts is relatively simple.

Second, OpenMATB should be able to interface with other
free software toolboxes in order to communicate with physi-
ological devices. For instance, Dalmaijer, Mathôt, and Van der
Stigchel (2014) designed PyGaze, a toolbox allowing pro-
grammers to easily connect their software to a wide range of
different makes of eye-trackers. Venthur and Blankertz (2012)
developedMushu, an acquisition library that makes it possible
to receive neurophysiological data from any equipment (EEG,
NIRS, or fMRI). Integrating such libraries in OpenMATB
would permit users to connect directly to a larger set of sys-
tems without any need to develop plugins for their current
hardware.

Third, in the fields of human factors research and ergonom-
ics, many studies have addressed the topic of automation and
reported that automation is indeed associated with numerous
human factors issues (Navarro, 2018). The implementation of
future automation solutions will reveal the importance of
training users in adaptable automation (i.e., selection of the
automation level initiated by the operator) and adaptive

automation (i.e., selection of the automation level by the ma-
chine, for instance based on the operator's attentional state).
For instance, Ryffel, Muehlethaler, Huber, and Elfering
(2019) recently noted an improvement in the visual scanning
of aircraft instruments following a debriefing on performance
based on gaze data. However, OpenMATB does not provide
any simple way to support studies on self-confrontation.
Future versions should therefore provide a way to replay users'
responses (behavior, gaze data) in order to contribute to train-
ing assessment.

Finally, OpenMATB provides a robust platform, funda-
mentally adaptable to any emerging technical or research
need, which should both alleviate the workload of re-
searchers and guarantee a high level of quality in the
MATB research field.

Open Practices Statements The data, source code and binaries of the
software have been made available on a permanent third-party archive:
https://github.com/juliencegarra/OpenMATB
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