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The Virtual Brain (TVB; thevirtualbrain.org) is a neuranatics platform for full
brain network simulation based on individual anatomical amectivity data. The
framework addresses clinical and neuroscienti ¢ questios by simulating multi-scale
neural dynamics that range from local population activityot large-scale brain function
and related macroscopic signals like electroencephalogihy and functional magnetic
resonance imaging. TVB is equipped with a graphical and a comand-line interface to
create models that capture the characteristic biological ariability to predict the brain
activity of individual subjects. To enable researchers fro various backgrounds a quick
start into TVB and brain network modeling in general, we deveped an educational
module: TVB-EduPack. EduPack offers two educational funanalities that seamlessly
integrate into TVB's graphical user interface (GUI): (i)témactive tutorials introduce
GUI elements, guide through the basic mechanics of softwaraisage and develop
complex use-case scenarios; animations, videos and textuadescriptions transport
essential principles of computational neuroscience and lain modeling; (ii) an automatic
script generator records model parameters and produces inpt les for TVB's Python
programming interface; thereby, simulation con guratios can be exported as scripts
that allow exible customization of the modeling process ad self-de ned batch- and
post-processing applications while bene tting from the ful power of the Python language
and its toolboxes. This article covers the implementation foTVB-EduPack and its
integration into TVB architecture. Like TVB, EduPack is anp@n source community
project that lives from the participation and contributiorof its users. TVB-EduPack can
be obtained as part of TVB from thevirtualbrain.org.
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INTRODUCTION may be freely forked from a GitHub repository, modi ed, and
. ) . ) ) distributed.
The Virtual Brain (TVB; thevirtualbrain.org) is a Pythorabed In TVB, brain structure is parcellated into cortical and

neuroinformatics platform for the simulation of realistiarje-  subcortical regions with each region serving as a node in a
scale networksJ(rsa et al., 20)®f neural population models |arge-scale network model. Edges of the network represent the
available for all major operating systems, including Wingow anatomical connectivity between regions, mediated by dong
Mac OS, and LinuxRitter et al., 2013; Sanz-Leon et al., 2013tange white matter ber bundles. The local activity at each
Roy etal., 2014; Woodman et al., 2NTAVB provides a generic node is simulated by models that capture typical dynamics of
framework for computational modeling and tools to extractmesoscopic neuronal population activity, involving interagt
structural and functional connectomes from multimodal dséts  excitatory, and inhibitory subpopulations. Regions are canee
(SChirner et a|,203)5n order to link personalized brain network by edges that represent the Strengths and time_de|ays of
structure with neural population models. It is an open-sourceinteractions between anatomical regions, which are imferr
whole-brain simulation platform that integrates empiricaitd of  from di usion-weighted magnetic resonance imagirdp¢MRI)

di erent modalities and spatial scales to construct compredie®  data by tractography. Based on subject-speci ¢ anatomy, TVB
and biologically plausible models of global brain networkenables the full-brain simulation of individualized meanlde
dynamics. TVB combines structural magnetic resonancein@gg EEG, MEG, and functional MRI (fMRI) activity. Local node
(MRI) data (to account for brain geometry) with diusion- models comprise a choice of more than 10 population models
weighted MRI (to account for brain connectivity) to establishthat, depending on their parameterization, enable the sitinie

an individualized brain network model. Brain connectivis  of brain activity under di erent physiological and pathologica
de ned in the context of brain network modelsS@nz-Leon conditions.

et al., 201p comprises the complete space-time structure of Despite a set of visual aids that make TVB understandable
the large-scale connectome, i.e., time delays and conmectigor the user, it is still a complex simulation tool. Specialljien
strengths between brain regions. Computational models in TVBonsidering users without deep knowledge in neurosciemce a
generate functional data that can be directly compared &jainjts computational principles. Therefore, in order to facilia
empirical data such as functional MRI, electroencephalographyyB's usability of the Graphical User Interface (GUI), an
(EEG), magnetoencephalography (MEG), intra-cortical locaéducational tool that could help the user to learn interagiyv
eld potentials (LFP), and multiunit activity (MUA) recordigs  was required. Here we introduce TVB-EduPatkatzke, 201)

(Ritter etal., 2013; Roy et al., 2)1These empirical data serve asa new module of TVB that serves a two-fold purpose:
targets to modify the free biologically meaningful parameiaf

the model in order to produce optimal model t. The parameters
are either constrained by biology, or by dynamics consitilena.
The neuroinformatics architecture of TVB is used to create
large sets of brain models within a unifying framework, to
systematically explore the relation between structuraivoek
features and biophysical parameters to di erent empirical brai
states or network patterns. TVB relates the signals of di éren
imaging modalities to underlying neuronal sources and éfogr
provides insight into underlying mechanism®&¢€cker et al.,
2015. While currently TVB accounts for brain structure and
function, it will next also accommodate detailed anatorhica
maps, e.g., of receptor distributions as additional modebkt@in
adding another level of detail and bringing the model's bétav
closer to the real brain. Like all models, brain network migde
use abstractions to describe neuronal population behavior an
their interaction. Despite the reproduction of several featuof EduPack tutorials are divided into two groups addressing
empirical neuroimaging data, their biological plausibiligystila new and experienced users. Introductory tutorials famitiari
matter of ongoing research. new users with basic TVB usage, while advanced tutorials
Obtained as standalone software, TVB is distributed er guidance in use-case scenarios. Another application is
including all used dependencies, such as the Python intezpret the convenient formalization and reproduction of published
CherryPy, Genshi, NumPy, and SciPy. Optionally controlledesults enhancing reproducibility and visibility. The seflafB-
by a convenient graphical user interface (GUI) or a PythorEduCases is constantly growing with new EduCases beingladde
programming interface for advanced modeling and postin an ongoing manner, as they are exible and convenient to
processing, TVB appeals to a wide user group. Running in a welseate using XML Schema De nitions. EduCases can be easily
browser, 2D and 3D visualizations are implemented with WebGlgenerated on the basis of TVB project les. EduPack exports
and scalable vector graphics; data and project managementtige individual steps of a regular TVB application like model
handled by an SQL database. As a community-driven operconstruction and simulation as XML le that can be enhanced
source software, TVB is licensed under GPL 2.0 and sourcey guiding comments, videos, images or audio les. EduCases

First, to enable a quick start into the variety of model
construction, simulation, post-processing, and analysis
options available, TVB-EduPack o ers an interactive guide
that leads users through functionality, handling, and
application of TVB. Interactive tutorials guide the user in a
step-by-step manner through use case examples that show
how to perform advanced modeling with TVB. Using this
instructional design framework, TVB-EduPack combines
didactic preparations of computational neuroscience corgent
with practical results delivered by brain simulation.
Second, in order to allow the TVB users to automate or
demonstrate their work, TVB-EduPack contains a graphical
script creation tool that exports simulation and model
con gurations and thereby enables users to create re-usable
d and modi able batch scripts for the TVB console interface.
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encompass a variety of user backgrounds, interests andstigll time-scales including multistability and coexisting olstdry and
Tutorials and educational elements can be con gured to layon-oscillatory regimes.
the focus on, e.g., physiological, pathological, neurosigienr TVB GUI is divided into three main area&igure 1): Header
theoretical contents. menu (Figure 1A), main area Figure 1B) and footer menu

While GUIs are convenient to use, their possibilities and(Figure 10). Starting at the top left corner, the header menu
exibility are generally limited. As modeling scenariog geore  shows the identi er of the current project (1). A button (2)
complex, users often switch to the programming interfaceopens a drop down menu (6) for the currently running GUI
To ease this transition, EduPack contains a script generationterface. The drop down menu contains links to functiotiel
tool that automatically exports simulation script templateghw implemented in di erent interfaces as described in the TVB user
model parameter and simulator con guration settings spedi e guide and online documentation. The subsequent panel shows
within the GUI. status information about current operations (3 and 4) folkxhby

In addition to the newly developed educational framework,another drop-down menu (5) that allows setting options for the
TVB distributions contain a user guide and an online current interface. The footerHigure 10 switches between the
documentation for the GUI and the programming interface, di erent interfaces of TVB:USER for managing user accounts
which also includes some tutorials and information aboutada and general setting®ROJECT for managing and exchanging
structures. Parts of the user guide are also embedded irgo thprojects and associated input/output dat8)MULATOR, to
GUI in the form of clickable help buttons that reveal contexttu con gure, launch and monitor simulationsANALYZE, where
information in the form of GUI overlays. Furthermore, TVB simulation results can be analyzeBTIMULUS, where users
hosts a mailing list as support and discussion forum and to getan create model stimulation patterns for simulations and
into direct contact with the developers. While earlier agilon CONNECTIVITY, for visually editing local and large-scale
TVB focused on the description of the mathematical frameworkconnectivity.
the software infrastructure and analyses of dynamics ofnbra  Both, GUI and programming interface act as front-ends for
network models, here we now introduce an educational add-offVB. Following a client-server model, both interfaces cecin
module for TVB that enables new users to quickly familiarizeo the Flow Manager that controls those back-end modules
themselves with TVB usage and brain network modeling irand storage components (the GUI via a web-server), enabling
general. multi-user applications on PC or supercomputers. TWéeb

Servergenerates the HTML interface by receiving data from and
passing inputs to the ow-manager. Thelow Manageris in

FUNCTIONALITY AND DESIGN charge of TVB's high-level program control ow and regulates
. . L. . the interaction of all other back-end modules by receiving

Background: Modeling Brain Activity with user actions, feeding back of TVB's responses and all interna

TVB Simulation Platform processing. Thdatabase alternatively SQLite or PostgreSQL,

TVB-EduPack is an educational module for the software producorganizes project structures by storing references to el
TVB. TVB is a neuroinformatics platform that enables the GUIdata entities like time series, connectivity matrices,faue

or command based construction, simulation and analysisairbr triangulations or sensor coordinates. Actual data are exdoas
network models (BNMs). BNMs are mathematically representetiDF5 or ASCII les, dueto size. The storage componentof TVBis
by a generic large-scale brain network equatidirs@, 2009; optional and can be switched o when using the console interface
Spiegler and Jirsa, 20Lthat describes how each node of the To implement TVB's complex graphical interface, tHEML
large-scale network is governed by its own intrinsic dynesni Interface consists of several client-side componenBata
and the interaction with all connected nodes. TVB distirghés Reader feeds data from the back-end to the front-end; mainly
two types of interactions: instantaneous local interactiohose needed for asynchronous calls toward the servétebGL
spatial extent is described by a Kernel function and longgean Renderer for displaying 3d objects in canvasyaph Renderer
interactions. While in the real system long-range inteiaes for displaying 2d plots, mainly with SVG. All TVB pages
are mediated by groups of axons that are bundled to fornin the web GUI are generated based on Genshi templates
white-matter bers, in TVB, global node-node communicatio on the server side and manipulated on the client-side by
is formalized by two connectivity matrices: a weight mathat  JavaScript. The important elements of the generated pages have
speci es the strength of information transmission and a delayunique identi ers that are used by TVB-EduPack to retrieve
matrix that speci es the time delays due to signal transnoigsi position, status and content of GUI elements and to control or
delays. The activity of nodes is described by neural masstaod interact with the desired objects in the DOM-tree (Document
that approximate intrinsic population dynamics, e.g., Wilson-Object Model tree; a structure for organizing objects in HTML
Cowan ilson and Cowan, 1972 reduced representations documents) of the respective page.

of excitatory and inhibitory networks of Fitz-Hugh Nagumo

(FitzHugh, 196), Hindmarsh-Rose§tefanescu and Jirsa, 2908 TVB-EduPack Functionality

and Wong-Wang oscillators/{ong and Wang, 2006; Deco et al., Requirements

2009, Jansen-RitJansen and Rit, 199%uramoto Kuramoto, = The main idea of TVB-EduPack is to provide new users with a
1975; Cabral et al., 20} /and a generalized 2d oscillator capabletool that enables them to quickly and easily familiarizetiselves

of generating a wide range of population dynamics on multiplewith TVB and to use it e ectively. Experienced users learn to use
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B Project: Braindualiactyvity.visualizer.

A s

Ve
AP
2 N
TVB-EduPack

e
g V] ° TVB-GUI Helper @ ™ TVB-parameter Helper

et e ® Tve-Misc

» Task 01: Create a new simulation

» Task 02: Start to configure your simulation

» Task 03: Preview results and adapt parameters|

» Task 04: Launch your simulation pe

O Project

FIGURE 1 | The Virtual Brain GUI is divided into three main area  s: header menu (A), main area (B), and footer menu (C).  The header menu shows the
identi er of the current project (1), a button (2) a drop down renu (6) with functionalities of the active tab (3). The uppeight corner contains an information panel
about currently running operations (4) and another drop-den menu (5) with options for the current tab. The main area shes the currently active TVB interface-tab
and, if active, the Edu-Pack menu (7). The footefC) allows to switch between the different interface tabsUSER, for managing User accounts and general settings,
PROJECT, for managing and exchanging projects and associated inpuoutput data, SIMULATOR, to con gure, launch, and monitor simulations,ANALYZE, where
simulation results can be analyzedSTIMULUS, where users can create model stimulation patterns for simations and CONNECTIVITY, for visually editing local and
large-scale connectivity.

the more advanced and sometimes not-so-obvious possisilif Knowledge transfer, mentorship and computational
working with TVB and to create re-usable and modi able batch neuroscience training by providing interactive guided
scripts for the command interface. It also serves as an ingnt experiences that impart dynamical systems behavior

to quickly assess the dynamics of typical brain network agtiv. ~ Convenient authoring of new EduPack tutorials

as it shows up on dierent scales (e.g., population level, Facility for creating reusable TVB command interface scripts
network level), in di erent imaging modalities (e.g., LFFEG, based on simulations or analyses that have been created with
fMRI, MEG, stereotactic EEG) and using di erent commonly the GUI

used metrics (e.g., Functional Connectivity, Power Spkctra Customized support and educational contents for di erent
Density, E ective Connectivity). Prior to implementatioreseral user groups

requirements regarding functionality have been specied fo

TVB-EduPack: Aforementioned requirements have been implemented as two

core functionalities of TVB-EduPack, explained in the faling.
Comprehensible interface that seamlessly integrates iN® T
GUI Interactive Guides and Tutorials
Simultaneous execution of TVB and TVB-EduPack allowingrhe complexity of the human brain is re ected within the
users to start EduPack programs at all times during TVB usag@odels and tools used for simulating it. To enable a quick
Walkthrough tutorials that guide users through the interéa  start into working with TVB and BNM in general, EduPack
by pinpointing the sequence of required steps for di erentincludes interactive tutorials that guide through functaity of
tasks within TVB's GUI the software and related computational neuroscience tojics.
Noti cation of futile simulation con gurations contrast to the documentation and reference, EduPack tater
Tutorials that show increasingly complex usage scenarios  allow users to directly engage in complex modeling scenarios
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direct application control
TVB -

User

system and GUI

TVB-interaction primitives User-interaction primitives
TVB-EduPack

OS-interaction primitives

Y

—

Operating System

FIGURE 2 | EduPack’s two-way interaction architecture.

while learning to use TVB. One fundamental requirementTVB-EduStart tutorials teach users how to work with TVB.
was to automate the operation of TVB while letting the uselUsers are rst introduced into the basic functionality and
the possibility to maintain full control over TVBHigure 2).  usability, like creating projects, importing subject speailata
Therefore, at any arbitrary point every EduPack-tutoriah g  and constructing brain network models. At pivotal positions of
paused or completely stopped allowing the user to continu¢he GUI corresponding tutorials can be started upon pressing
with alternative actions. EduPack tutorials can be used asthe button. While guiding users through the dierent steps
reference for complicated use-case scenarios, since usetisa  of di erent software functions, EduPack provides the users
not obligated to follow the linear structure of tutorialsytocan  background information about the steps they perform and
also skip steps and pick only actions that are relevant for thatroduces relevant concepts of computational neuroscisintea
intended usage (except when preconditions for those actiorstep-by-step manner. TVB-EduCase tutorials lead users throug
need to be ful lled). At relevant positions, topics that conte the wide spectrum of functionalities up to the point of beindeab
the mechanics of BNMs and computational neuroscience imo generate and simulate models and to post-process and analyze
general are explained with the help of short animations, egle data provided by TVB.
or references to further material. Dierent types of graphical A TVB-EduCase refersto a speci c use case in TVB; therefore,
elements, dubbed Helper Elements and Action Primitives, add is composed of the following elements:
links to additional information at GUI positions, emphasize
the sequence of actions or highlights the elements that are
relevant for a certain task; furthermore, they verify théiats .

R . . . one or morepreconditions for a use case, step or sub-step
of the user and give interactive feedback in the case of iecor Lo

. . one or moretasksthat need to be ful lled within a step or

usage, e.g., when meaningless parameter settings have been . .

. C O L sub-step before being able to continue to the next one
used or relevant information is missing in the context of the . . -

. - one or more assigneattionsthat need to be performed within
current EduCase scenario. For example, the software informs
every step or sub-step

users when parameters of a model are set such that they
will not reproduce the desired results of the active tutorial Thereby, this structure, implemented as XML le, enables
Generic XML structures allow for exible modication and the creation of interactive tutorials and automatically ning
extension of these elements, enabling the community totereamacros. This automated application control uses the same set of
new tutorials or enhance the reproducibility and visibility actions that are also used for the tutorials, so that tutoriald a

one or morestepsandsub-stepsvhich describe and guide the
use case

of results. macros can be interchanged exibly.
The educational component of TVB-EduPack realizes two
di erent educational purposes: Command Interface Script Creator

(i) EduStart which gives users an interactive introduction TVB-EduPack provides a user-friendly way to create scripts for
into the software TVB while introducing concepts andthe command interface of TVB based on simulations that were
methodologies in computational neuroscience. set up within the GUI. This feature enables users to automiifica

(i) EduCase which develops computational neuroscienceexport scripts that can be used as input for the console interface
concepts and methods further by leading the user througlof TVB, after model and simulation settings have been comegli
in-depth tutorials that exemplify typical applications within the GUI. Thereby, the script generator allows users to
like exploring dynamical regimes of dierent models or quickly learn the structure and usage of the command line
tuning parameters to reproduce speci c types of neuronalinterface. While the GUI is easier to use for beginners, the
activity. console interface allows more exibility, since actiong aot
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conned by the operations implemented in the GUI. Script user-friendly design that interferes with the main parts ofg
les have the advantage that they can be quickly modi ed andSUlI as little as possible, while at the same time being able to
customized as required; all speci ed data sets, parameteds, acover the full range of desired features. A further constrain
model con gurations can be exchanged by text replacementyas the capability of the interface to be invoked at any time
allowing rapid batch processing. For example, after creating @uring the regular TVB work process. While it is necessary
speci ¢ simulation sca old and exporting it as a script, the userthat EduPack is always available if needed, it should stithgier
can de ne a large number of structural connectivity datader  general interaction between TVB and users and not hamper
which the operations are to be performed. Regions for parametemy of the features. Consequently, EduPack was integrated
sweeps can be easily adapted and local models exibly exchangad an overlay, thus, enabling its visibility in all interfe.cef
Since the interface is speci ed in Python, users cantakeradga TVB (Project, Simulator, etc.). A new button was added to
of the full power of a high-level programming language and itghe right end of the footer menu that enables the on-demand
huge collection of data analysis toolboxes for post-prongssi activation or deactivation of EduPack at any moment duringsr
data management and analysis. usage.

Figure 3 shows the design of the tutorial view of EduPack
Interface Design activated within TVB Connectivity interface. EduPack cetsof
The major design requirements and constraints for TVB-a window overlay with attached and partially transparent hand-
EduPack are: (i) smooth integration into the existing TVB GUIdrawn images that playfully pick up the TVB logo design to
and the TVB framework in accordance with its own designaccentuate the contrast between TVB and TVB-EduPack, bat al

principles, (i) neglectable interference with the perforrnan
functionality, and usability of TVB, (iii) easy maintainitity
and exibility regarding extension, (iv) streamlined readtion of
intended functionality, (v) easy and pleasant usage. Hokeve
order to incorporate all functionalities described in the yieus

to show its a liation. This design concept of comic style inesgy
and animations is recurring through all TVB-EduPack eletsen
to express the didactic idea and to contrast it with the riggo
scienti ¢ style of TVB. The size of the overlay rescales \with
browser size and is slightly transparent so that the user sélés

section, it was necessary to reach a compromise betweenthe underlying TVB GUI.

L 2\ NN
Menu-Structure Tutorial, TVB-EduPack v0.1.2

Deascription:
Use this text area to describe your TVB-EduCase / tutoria

~
¥ TVB-parameter Helper B 9 TVB-Misc

v @ TVB-GUl Helper @

¥ Task 01: Example Sub-Heading: Your first task

¥ Task 02: Heading of Sub-Menu Structure Level 2

Structure Level 3 - a description of your task.

Here is enough place to describe a task for the user, you ¢
use of images, sound, animations etc.

Click here to continue with the next task.

» Task 03: Example Sub-Heading: EduCases and Tasks

A
‘ » Step 01: New Heading: Getting started

FIGURE 3 | Lower right section of the TVB Connectivity interfa  ce with activated TVB-EduPack in Tutorial Mode and with load

main text for label description).

ed example tutorial (See
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Checkboxes in the upper part activate or deactivate The following list contains a description of tutorial elemsnt
di erent types of Helper Elements in the TVB GUI. Helper as shown irFigure 3and their corresponding XML tags.

Elements are clickable dialogue balloons that appear next 0 Title of tutorial and version of TVB-EduPack title> ).

important elements of TVB GUIRigure 4 and a slider that . Introductory  description text for loaded EduCase
controls their transparency. Three types of Helper Elements (< descriptior )

are included: C. Structure level 1: X stepr element groups one step-ic

1. TVB-GUI Helper (blue): These elements point to TVB GUI  element (starting ab0), one title element labeb, and one
elements and provide contextual information about di erent ~ or more <sub-step elements. In the gure the element is
objects, like buttons, frames, or visualizers. active and displays three sub-steps.

2. TVB-Parameter Helper (red): The parameter Helper Elementd. Structure level 2: Completedsub-step element. A<sub-
impart physiological interpretations and further background  step> element contains one substep-id element and one
information for the di erent parameters and models that are ~ or more <task> elements. The heading color relates to
available within the TVB Simulation page. the type (indicated by type> element) of the sub-step—

3. TVB-Misc Helper (yellow): The miscellaneous Helper allowed values are: “description” (green), “parametegt
Elements describe all software elements that are not part of and “misc” (ellow. The tutorial sub-step was successfully
the other groups. completed, indicated by the text “done.”

E. Structure level 2: Activesub-step element.

F. Structure level 3:<detaib elements contain sub-step
description text. It can contain HTML elements like images
or integrated video components.

. A <sub-step element can have an auto- nish constraint
that performs the described action of the sub-step, or
as shown here, contain a link that will proceed to the
next element and mark the element as nished after
clicking it.

. Structure level 2: Untouchedsub-step element.

I. Status element: After clicking the link in G, the status on
the right side will change taone When a<sub-step
element is clicked, all related Action Primitives are lodde
and stay active as long as they are not completed o« theb-
ster elementis closed manually. When the user achieves all
constraints, the element will changedone These elements
can also get the statuspen(not clicked or solved yet) or

blockedwhen some prede ned constraints are not met).

J. Status element: number of uncompleted sub-steps.

The main tutorial menu is located below the Helper element
control panel. The steps of a tutorial are indicated by greerelso

in the main tutorial menu. Using an accordion design, boxes
expand and reveal their content (e.g., tasks, sub-steps turalex
descriptions) when clicked.

Since the size of the TVB-EduPack is xed a scrollbar appears
if more vertical space is needed. In case that the overlay windo
lies on top of relevant TVB elements, EduPack can be shitied t
another position by using a so-called action primitive desed |
later.

All design elements of the EduPack interface are de ned
in CSS groups and are dynamically manipulated by
corresponding JavaScript functions at runtime. Tutorials
are specied by XML documents that encode a generic
procedural protocol and enable proper structure of created
tutorials. A generic XML Schema De nition for creating and
manipulating tutorials was developed and is described in the
following.

A tutorial consists of three structure levels that desciiise
individual steps and additional meta-information. The rigvel
is calledStepand groups one or more second-level elementARCHITECTURE AND IMPLEMENTATION
called Sub-StepsStepsand Sub-Stepsan contain instructions
for the user, Action Primitives, constraints, or other femdd In this part, we describe the architecture and implementatibn
elements. TVB-EduPack and its integration into TVB. EduPack seantyess

A Simulator: @

New simulation core [INEGEGEGNG y New simulation

FIGURE 4 | Section of TVB Simulator interface with integrated p arameter Helper Elements (red) and TVB-GUI Helper element (blu  e).
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integrates into the existing TVB architecture and GUI bycomponent, Upload component, Analyzer component) of
operating on an intermediate level between the front- anckbac TVB.
end components of the existing framework to ensure highest EduPack is integrated into TVB by adapting relevant HTML
possible independence of specic back-end implementationsnd JS templates of TVB's Web Server modglgure 5 shows
During startup, TVB invokes EduPack by loading an XML le native, added and adapted modules: boxes with dotted lines sh
that contains a description of its menu structure and a rafeee  untouched TVB elements, boxes with solid lines represerg le
to its design de nition. Upon clicking on its link, located imé  and packages of TVB-EduPack and dashed lines show modi ed
lower right corner of TVB, EduPack becomes active and visibl&@VB packages. TVB-EduPack modules are only activated by
as an overlay that resumes with the last saved con guratiwh a certain triggers in the TVB work ow, e.g., during startup, upo
progress. user input, when simulations are started and when so-called
Action Primitives verify the chosen parameter con guration
. . The TVB-EduPack controller module is activated by interingt
Basic Architecture of TVB-EduPack and TVB control ow in the methodlaunchNewBurst()f the script
Integration into TVB burst.js Furthermore, a function was added to that script to
TVB-EduPack is implemented by a collection of interactingforward the current parameter con guration to TVB-EduPack
JavaScript scripts, XML Schema De nitions, a HTML templateController (e.g., to check if these parameters match with a
and a CSS design de nition leFigure 5 shows an excerpt con guration required by an EduCase).
of the TVB back-end system that contains the modules of EduPack is integrated into the TVB GUI in thbase.css
TVB relevant for EduPack, the added EduPack modules andesign le by adding the used design specications and a
modules of TVB that have been modied for integrating connection to the activation link in the footer menu speci ed
EduPack. As mentioned earlier, the basic components of TV the footer.htmitemplate. The scripgdupack.jand the design
consist of a graphical HTML application interface (and ale edupack.cssnplement the main EduPack functionalities
command based application interface that implements morand were integrated intobase_template.htmiwhich is the
functionality than the GUI, but is omitted here since EduPackcentral TVB HTML template that contains the main elements
is solely implemented for the GUI) that is hosted by aand structure of all generated TVB pages. By integrating
web-server in the back-end system. The web server itséfduPack scripts into the basic template, the XML-based EduPack
is controlled by the so-called Flow Manager that regulatemenu structure is invoked during TVB startup. XML les are
the interaction of all other TVB components (e.g., Simulatorinterpreted by the parsing scriggdupack_xml_parser.j¢/hen

Application Interface!

retrieves data from |

TVB Back-End Sysfem

b,
TVB Web Server

57~ PP Yy R EduPack HTML / JS / CSS]|

TVB templates (genshi)!
TVB-EduPack XML Structures|
integrates TVB-EduPack Design file (CSS)

edupack.css
{ edupack_heiper.css XML Tutorial File XML Helper Elements
i base_template.html edupack_xml_tutorial_sfn.xml edupack_xml_helper_elements.xml
‘edupack_xml_tutorial_example.xml
‘I TVB-EduPack HTML template
edupack_template.htmi
s Sererates TITVL from xwi, 1S the content of templates
forwards action primitives, ..

parses

TVB-EduPack Data Str Scripts
] —————]
footer.htm| &g Simpilation feed I S | TVB-EduPack Controller TVB-EduPack XML Parser
l | edupack_basicController.js rn edupack_xmiParser.js
T forwards data to active TVB-EduPack T
f

.................. = : creates content in Overlays, called by user request
visualizes Datasets.

integrates TVB-EduPack Integration of precomputed Data
edupack_precomputedDataManager.js

TVB-EduPack Data Structures TVB-EduPack Console Interface Script Generator
e.g. edupack_hashtable.js edupack_batch_script_generator.js

{Users, Roles
{Results
eeeeeeendes Setting

FIGURE 5 | Excerpt of TVB-framework component diagram with newl y integrated EduPack modules and modi ed TVB modules.
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TVB-EduPack is activated for the rst time, several keyweal provides a generic Schema for the two types of tutorials (TVB-
pairs are created in thiocalStoragebject of the browser using EduStart and TVB-EduCase), while the other one speci es so-
the methods localStorage.getltem(key)setltem(key,value), called Helper Elements. Both XSDs are independent from one
and removeltem(key) within the EduPack Controller another and can be created or adapted to aim at di erent user
edupack_basicController.jShereby, information about the groups. In contrast to the main EduPack menu, the following
currently opened and nished tasks are saved and updatedlements are only loaded when the user activates those elemen
during utilization of TVB-EduPack, such as the combinatioi
the current tutorial, step and sub-step id. This data is regbd Helper Elements
and used so that users can continue at the point where thelelper Elements are dialogue balloons that appear in the GUI
last worked with TVB and TVB-EduPack. Furthermore, theto give the user three types of information about GUI, modeling
values about current progress (K2hatestStep, value=stepld) and parameters and miscellaneous TVB features. In addition to
completed tasks (k®jlatestTask, valuetaskld) are stored and the context sensitive Helper Elements implemented in TVB
checked by tasks that require certain preconditions to béédl  (green buttons with question marks that show informatioroab
Upon invocation byburst.js the TVB-EduPack controller data types from the TVB-API), Helper Elements provide in-
implemented in the scriptedupack_basicController.gther  depth information in a didactic form. The powerful simulation
loads the last used tutorial or the default EduPack startuframework o ered by TVB comes at the expense of a complex
menu if the localStoragédbject does not contain the related and, especially in the beginning, potentially overwhelming
preference variable of the activated Helper Elements (keysiterface. When the user clicks on a TVB-EduPack Helper
helper_description, helper_parameter, helper_misc) or thestat element, the main screen of TVB gets darkened and a
progress (keys: latest_step, latest_task) due to the rst uspeech bubble appears that reveals the contextual information
of TVB-EduPack. Individual parsers were generated for théFigures 4 6). Didactic information or instructions come in the
dierent XML Schema De nitions, i.e., Helper Elements, form of short video or audio sequences, graphics or text. The
tutorials, task-related preconditions, and Action Primaigs. For size of the speech bubble overlay relates to the content and
all Helper Elements and tutorials, the parser creates HTMIs opened directly next to the object. The overlay is movable,
DOM tree elements and integrates them into TVB-EduPack. Thé it obscures other object in the TVB GUI. HTML tags can
other two parsers are event-driven and check for task-rdlatebe used to emphasize text, integrate images, diagrams or link
preconditions and Action Primitives when a task is startedr F to videos stored locally or on the web. The Helper element
all found preconditions and Action Primitives the attribite closes when the user clicks on the in the upper right corner
are saved or forwarded t®VB-EduPack Controlleand TVB or into the shaded background. Behavior and appearance is
work ow continues. When one or more preconditions are not speci ed in the CSS class edupack.css and JavaScript scripts
ful lled, this will be shown by a default, or, if de ned, cushized edupack_xml_parser.js for the integration of the XML Schema
message and all other checks are canceled. The controleksh described elements and edupack_basicController.js forcbasi
for similar active primitives and either ignores the new priivé,  functionality and management.
adapts its lifecycle, or adds it to the list of current activetién The XSD top-level element for Helper Elements is the
Primitives. In this way, the EduPack controller managesvact <edupack xml_detail_descriptortag Helper element text is
primitives and prevents interference between Action Priv@§ de ned as content of the descriptior» tag, while speci cation
of the same or a dierent type. Furthermor&VB-EduPack of Helper element type and parameters is done by setting
Controller updates active Action Primitives when the userrespective attributes of that tag as summarized-igure 6. It
updates form elds or clicks in speci ¢ areas. Some of the gseris recommended to use th§CDATA...content...}fag for text
actions can triggef VB-EduPack Controlleo activate, review or in order to integrate HTML tags, use media elements or special
remove active instances or even to interfere with TVB work o characterdrigure 6shows the components of the Helper element
if required. At the moment parsers do not automatically XSD as well as an example listing and result in the GUI.
check for errors in the imported XML les. Therefore, tutorial  In order to create TVB-EduPack Helper Elements, the TVB
authors have to ensure that the used elements and theinternal DOM-Tree ID of the elements must be speci ed by the
structure are valid and that proper XML well-formedness isnameattribute. IDs are identi ed by a browser tool like Firebug
given (this can be checked with free tools like http://xmlgrid or Apache JMeter by hovering over the respective items with
net). The scriptedupack_precomputedDataManagergatains the mouse. GUI elements of TVB either have a unique ID in
methods to import pre-computed simulation results and tothe DOM-Tree or belong to a certain class that can be used to
forward parameter settings to the Simulator interface of TVBidentify the corresponding element. Most of the element IDs or
The le edupack_batch_generatorijsplements methods that class names are already speci ed in the Helper Elements XML le
automatically generate Python scripts for the command lindcommented out) and can be directly used. This XML document
interface of TVB on the basis of simulations that have beeis also a good starting point to create specialized Helper Ele&smen

con gured within the TVB GUI. for di erent user groups, like beginners or speci ¢ content for
) ) ) computational neuroscientists (at the moment TVB-EduPack
Interactive Guides and Tutorials integrates only one type of Helper Elements). Positioning of

Interactive Guides and Tutorials are implemented using twdHelper Elements is done through the retrieved position of
di erent types of XML Schema De nitions (XSD): the rst one the DOM-Tree elements. Resizing or scrolling events in the
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<edupack_xml_detail_descriptions> ... </edupack_xml_detail_description>

(0..*) <description> </description>
section = name = type = group = optional: readOutLoud =
all e.g. "conduction_speed"” description elementld false
s-project e.g. "burst-history” parameter elementName true
s-burst e.g. "nav-project” misc elementClass
s-analyze e.g. "button-launch-new-burst”

s-stimulus

s-connectivity

<edupack_xml_detail_descriptions>
<description section="s-burst" name="coupling"
group="elementld" type="parameter" read="true">
<![CDATA[ <h2>Long-range coupling function Animation</h2>
<video id=video width=800 controls preload=auto autoplay>
<source src=/edupack/videos/coupling_720.mov >
</video>
11>
</description>

<edupack_xml_detail_descriptions>

= higher

FIGURE 6 | Helper element XSD, exemplary code listing and resul  ting Helper element.
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browser are fetched by thedupack_basicController.Jsecause implemented by a simple XSD and can be quickly created and
these might require the repositioning of all visualized edets modi ed. Figure 7summarizes the structure of tutorials.

on screen. Tutorials are organized into three structural levels corsjg
mandatory as well as optional elements. All mandatory elémen
EduStart and EduCase Tutorials are marked with a leading (1) before their tag-name. As

Interactive assistance and tutorials allow the user tolduistart mentioned earlier, at the current stage parsing scripts do not
working with TVB and to set up own simulations. EduStartverify the validity of XML les, which might lead to errors
and EduCase Tutorials have the advantage that the user is nahd even crashes of TVB. The rst structural level is the top
bound to follow a single strict sequence of steps, but is ethbl level and organizes the individual steps of the tutorial speci

to leave the suggested pathway of a tutorial and to exiblyy the < step> element. Furthermore, it provides tags for the
continue a started tutorial on an independent path. Tutor@le con guration of general tutorial properties: tutorial title title>

FIGURE 7 | Overview of the XML Tutorial structure of all three levels.
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elemen), a description of tutorial content {descriptiors  depends on the successful completion of a previous task, e.g.,
element and preconditions for tutorials preconditions  when the user is asked to switch to another interface in TVB.
elemenk The< preconditior> element can be used to organizelf a <preconditior is not ful lled, the <sub-step element
individual tutorials into a collection of tutorials that arsorted is marked as “blocked” and will not open. For this case, the
by increasing levels of di culty (tutorials can only be assed if author can specify an error message that pops up in a small
their preconditions are met). A precondition is set by refazieiy  overlay. The content of the preconditiomr tagde nes the error;
the content of the< title> elemenbf another tutorial. The second it can be simple text or images GDATA tags are used. Within
level is organized as a sequence of one or mostep tags <sub-step elements graphical overlays can be speci ed with
which correspond to the sequence of tutorial steps. Mandatorthe <overlay tag Overlays are a way to incorporate further
elements are the<labeb tag and the <step-id> tag which  audio-visual material like videos or animations that déserthe
specify the heading of the step that will be shown in the menscienti ¢ or structural backgrounds of a certain stdfigure 8
respectively the number according to which it will be arrangedshows an example of an overlay object with sliders. An overlay
and for referencing sub-level elements and animationsiwitfie ~ appears in the sub-step content area as a Blo&"-button
menu. The top element of the third level is tkesub-step tag  that opens the overlay upon clicking. Upon clicking the overlay
Each second-level stepr elementcapsules at least oresub-  appears and TVB GUI is darkened. By clicking in the darkened
stepr element Mandatory elements are: esub-step-id tag background the overlay closes again. The implementation of
sorted by increasing numbers,<atask> tag that contains the overlays is described in detail later.
title of the step and a<type> tag that speci es the color of Another child node of the<sub-step element is the
the sub-step (i.e., “green” for description, “red” for pardere tag < nish_constraints, which is used to set task-related
or “yellow” for miscellaneous) and all related links, ovgglar constraints like, e.g., waiting for a key input or validating
pointers. the parameter con guration by some presets. Constraints are
A <sub-step element becomes visible when the userspecied by the contents of the state- tag. In the current
activates its parent step element. Upon clicking ersub- version, parameter checks are the only available nish caiirstr
stepr, the element becomes active and reveals its content, tifius, the only allowed content of thestatee element is
all <preconditions of that <sub-step element are fullled. parameter_constrainthe content of thec manuab tag speci es
Preconditions are used when the execution of the curreri tasthe text of a link that appears below the task allowing users to

FIGURE 8 | Parameter regime exploration tool: Sliders are used to set different simulation and model parameters. Pre-computed simulation results show
the associated dynamics for different metrics of interestke FC or power spectral density. Thereby, users can quicklgietermine meaningful parameter ranges for their
own simulations.
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manually set the state of the task“@mpletedand to continue GUI location, e.g., to illustrate the e ect of a certain paramete

with the next task. explanatory animation can be placed right next to the respectiv
con guration eld. Besides the previously used element type for
Action Primitives color coding (for this structure calledhelper_type), additional

Action Primitives are a set of XML Schema De nitions parameters are speci ed as attributes of thactior> element
that specify event-related GUI operations for TVB-EduPackand can have the same values as<laetior> elementused by
Applications are, e.g., highlighting of TVB GUI elements, nmavi Helper ElementsHigure 6).
of the EduPack to dierent position within TVB GUI or As the name suggests, thenove_edupack primitive allows
pointing at elements to hint users at important content. Actio tutorial authors to move TVB-EduPack to another position,
Primitives can be exibly created, modi ed or combined to which is useful when the TVB-EduPack menu is hiding relevant
allow easy contribution and adjustment by the communityeyh elements. In contrast to other Action Primitives that can
are integrated in EduPack by a JavaScript script that allowse integrated multiple times into one& sub-step level, the
to add or delete Action Primitives or to change their status<move_edupackwill only work once in a< sub-step element.
During runtime, they are controlled by the so-called action After the task is completed, TVB-EduPack will automatically
manager, which schedules incoming or deletes expired Actiomove back to its original position unless the next task inchide
Primitives. Integration happens at speci c levels in the diete a <move_edupack primitive as well. This action element is
XML structures of EduPack. When the respective level becomesost likely used in combination with other Action Primitige
activated, the action primitive is loaded and started and/sta because its movement allows the user to click elements behind
active until certain constraints have been ful lled or thectosing  TVB-EduPack without closing it. To implement a horizontal
element is closed. An overview of Action Primitive's applimas  translation operation, the attributeoveXs set. If this parameter
is given inFigure 9. is not set or de ned, a default value of 200px movement to thie lef
The <task_overlay primitive can be used to point to a will be used for the translation.
selected object on the screen and is mainly used in tutgrials The Action Primitive < highlight_and_compare is used to
e.g., to hint the user at the location of a previously describedmphasize elements that have values that need to be re-@dlua
functionality. One or more <task_overlay elements are (e.g., parameter settings that will produce meaninglessts}su
speci ed within one< sub-step element. Upon activation, TVB- or that need special attention during a tutorial by drawing a
EduPack adds a type-colored TVB-Helper element and a task i&d rectangle around them. The element stays highlighte un
number to the selected position. By specifying more than onéhe number in the related eld is changed to the value speci ed
<task-overlay, it is possible to implement a sequence of suchby the valueattribute. The action primitive< highlight- works
visual pointer elements, e.g., to show a series of GUI actmms fsimilarly, but only highlights elements without checkingr fa
carrying out a certain operation. Sinegtask_overlay can be preset. The action primitive: set_param_value overwrites the
used in the same manner asoverlay , it is also possible to value of any parameter eld within the Simulator interface.eTh
include animations or videos and to position them atthe ralelv  action primitive <load_project_xnd loads a TVB simulation

FIGURE 9 | Several applications of Action Primitives.

Frontiers in Neuroinformatics | www.frontiersin.org 13 November 2015 | Volume 9 | Article 27



Matzke et al. TVB-EduPack

XML, compares the speci ed values with the current values andubject-speci ¢ brain models and can be operated by a
highlights all non-matching elds using the action primigv graphical and a command interface. Here, we introduced
< highlight_and_compare an expandable educational module for the neuroinformatics

In Table 1, we summarize all Action Primitives that have platform TVB dubbed TVB-EduPack. In order to enable users
been implemented up to now and allowed attributes ando quickly learn GUI operations, EduPack gathers interactive

values. user guides, tutorials, and other educational content (@se
Supplementary Figures 1 2). Step-by-step tutorials guide
Console Interface Script Generator novice and experienced users through basic TVB operation

The Console Interface Script Generator creates a Pythodnd complex use-case scenarios. Dierent types of interactive
command line script for the console interface of TVB uponelements are implemented that can be used for a variety of
button press. Upon setting a parameter con guration with thefunctions, e.g., event listeners that check parameterngstti
Simulator Interface, users can download a script that performfor validity as they are entered, graphical highlightingmite
the speci ed simulation. When the user hits the correspondingead users' attention to relevant parts of the GUI or point
button in the Script Generator Menu of TVB-EduPack, theOut further options. Multimedia content like animations,
methodonButtonCreateBatchPresse@hich is associated with Videos, audio, images and text can be integrated at eack stag
the button) in the scriptedupack_batch_generatoiggriggered of the TVB work ow. In order to ease the transition from
and calls the functioncheckAndRunTVBPage()hich checks the GUI to the more powerful and exible programming
whether the user is on the Simulator page of TVB. [finterface, EduPack automatically creates command scripts
not, an overlay appears that informs the user that he i®n the basis of simulations that were congured within
not on the right page. If the Simulator interface is activethe GUL.

the method runBatchGeneratorSimulator(s activated. This ~ EduPacks architecture was designed with the intention of
method reads out the parameters from the simulator pagéreating a lightweight, generic and extensible framewdrit t
using the functiongetSubmittableData(rom the TVB script €nables convenient ongoing content development. The main
genericTVB.js(functions are accessible by their linkage ininterface used for the communication with TVB-EduPack is
base_template.htrof. Figure 5). Afterwards, the function saves implemented at the HTML level of TVB, reducing invasion of
all parameter variable names and value pairs into a hash tabf§ core libraries to a minimum. On this layer, GUI objects
data structure. After that, the functioereateScript()lls the  are organized in a DOM tree, allowing simple addressing
parameter keys and values into a command script templat&nd manipulation. The core functionality of EduPack is

Finally, the methodsaveTextAsFileaves the script as text implemented by JavaScript scripts that are loaded during the
le and triggers an automatic download of the le within Startup of TVB and that register event handlers to TVB's

the browser. HTML objects to catch desired events and to interrupt
the ow of TVB. EduPacks content is dened by XML
structures that allow the quick and easy authoring of tuatsi
CONCLUSIONS AND FUTURE WORK and other features for the development of entirely new
. . ) . functionalities. Therefore, EduPack represents a conwénie
The . TVB neuromformaqcs plgtform provides Versat'leinterface to add new GUI extensions and functionality to
possibilities for construction, simulation and analysis OfTVB at its top layer without requiring manipulation of TVB's
source code.

TABLE 1 | Action types and corresponding attributes and valu es. To Inltla“_y estimate the 'mpaC'f of EdUPaCk’ several
tests regarding hardware consumption and usefulness were
Action type Attributes Values performed. Activation of EduPack did not produce recognizabl

di erences in the rendering performance of TVB's GUI. Runtime
and CPU consumption tests did neither for the web browser
process, nor for the TVB process show noticeable di erences.
A comparison of initialization speed at the startup of TVB
and execution speed of simulations showed no di erence for

Task_overlay Section e.g., “s-project,” “s-burst,” ...
Helper_type “task”
Group “elementld” or “elementClass”
Variable_name “nav-project,” “coupling,” ...

Move_edupack Section e.g., “s-project,” “s-burst,”... an instance that was patched with EduPack and one that was
MoveX (optional)Numeric Value; default: 200 not. Additional main memory usage with activated EduPack

Highlight Section e.g., "s-project’ is below one Megabyte. EduCases that contain animations or
Variable_name e.g., “coupling” audio-visual content are varying in size (up to several MB)

Highlight_and_compare Section eg. "s-project’ depending on their contents, but are only loaded for the time
Variable_name e.g., “coupling” of execution of the respective EduCase. Hard disk consumption
Value Numeric value of EduPack (including animations) is at the present stage

Load_project_xml Section “s-burst” around 350 MB.

Set_param_value Group “elementld” or “elementClass” The impact of EduPack was tested with EduStart for six
Variable_name e.g., “coupling,” “simulation_length,” ... subjects (ve medical students and one computer science
Value Numeric value student) that had no prior experience with TVB and that were
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only provided with minimal instructions about the purpose OBTAINING TVB-EduPack
of the software and how to activate TVB and EduPack. It
took the students on average 35min to complete EduStarf,VB-EduPack is made available as part of the main TVB
upon which they were able to use basic TVB functionalitiesdistribution, which can be obtained from the TVB website
EduStart covers tasks like Creating a new project’ up|oadi,1gww.thevirtualbrain.org. To get in touch with other usersdan
subject data, performing a simulation (containing an exptiora ~ developers and for questions concerning usage and develdpmen
of the mathematical model, the biophysical interpretation ofthe TVB mailing list can be reached at https://groups.google.
parameters and the integration scheme, details on how tetsele com/forum/#!forum/tvb-users. For contributing own codthe
structural connectome, parameters from the simulator ifaee, ~ GitHub code repository can be found at https://github.com/the
setting of output monitors like BOLD or EEG and starting the Virtual-brain. Online documentation and programming infece
simulation) and performing initial analysis of the resulise(, ~SPeci cation is located at http://docs.thevirtualbraingor
viewing simulated time series).

Besides the EduStart tutorial, EduCases are availabRUTHOR CONTRIBUTIONS
that provide step-by-step guidance for using advanced TVB
functionalities like opening and viewing of simulation réisy HM, MS, DV, SR, AL, RR, PT, LD, JM, AS, VJ, AM, and PR
usage of dierent viewing options, exporting of results,conceived the toolbox, developed the toolbox, provided aunte
generating, and analyzing dierent types of neuroimagingfor the toolbox, and wrote the manuscript.
signals and the design and application of electrical stinnorat
paradigms. A further EduCase explains how structuraACKNOWLEDGMENTS
connectomes are integrated in the model, how they are used
within the software and how they can be modi ed to emulate The authors acknowledge the support of the James S. McDonnell
certain conditions like lesions of brain regions. Other Bdises Foundation (Brain Network Recovery Group JSMF22002082),
cover compound scenarios that employ simultaneous applicatiofie German Ministry of Education and Research (Bernstein
of dierent functionalities like monitoring and analysing ¢h Focus State Dependencies of Learning 01GQ0971), and the Max-
results of stimulation or lesion studies with di erent modtiés. ~ Planck Society (Minerva Program). We thank Jessica Palmer
The TVB team is devek)ping new EduCases in an Ongoin@r Contributing graphical elements, i”UStratiOﬂS, andswal
manner and we encourage the community to participate ir@himations.
this process by providing own EduCases for the emerging TVB
applications. SUPPLEMENTARY MATERIAL

Although the chosen XML-based approach supports
generality and exibility, it could represent an obstacler fo The Supplementary Material for this article can be found
XML-naive users. Therefore, to make authoring for EduPaclenline at: http://journal.frontiersin.org/article/10389/fninf.
more convenient, upcoming versions will integrate a graphica2015.00027
tool that automatically generates XML les by directly red'mg Supplementary Figure 1 | Description of TVB-EduPack menu: Afte  r a user
GUI interaction, as well as drag-and-drop tools to integrate“iShed all tasks ofafsectiqn_, th_e number should be zero. Here, th_e user

. . . opened the next section—it indicates four open tasks while ve of them is already

EduPack elements like overlays, sliders or action eIemem£tive. All elements are colored red/orange as indicator fahe parameter-type
Another upcoming feature, dubbed “Autopilot, allows related tasks.
uhsers to watch demos of TVB use cases and work ows il§upplementary Figure 2 | The tutorial shows the user how to cre
the GUL.

ate a new
simulation and offers to read the text out loud.
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