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Warnings and Limitations:
The MindPulse test should be interpreted only by qualified healthcare
professionals. MindPulse is not intended to be used as a stand-alone
diagnostic device for any disease. MindPulse is not designed to
identify the presence or absence of a specific clinical diagnosis but
rather to screen for cognitive difficulties, which are common symptoms
across various diseases and situations. MindPulse is a screening tool
designed to assist healthcare professionals in evaluating cognitive
status.
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Preface toMindPulse

Dear clinical colleagues,

It was within the scope of my clinical practice in neuropsychology that the

creation of a new neurocognitive test became a necessity for me. Indeed, while

neuroscience has made phenomenal advances and Big Data is changing the

face of the technological world, I observed a gap between these developments

and the tools used in the clinical practice of psychologists and

neuropsychologists. I also wanted to create a tool that would be genuinely

cross-cultural, accessible to all, and capable of tracking the cognitive

development of a young adolescent as they mature into adulthood. Finally, I

wanted a tool that could be used in retesting, with a minimal learning effect,

allowing for the assessment of the impact of our therapies and treatments.

MindPulse is the result of 10 years of multidisciplinary research. Three researchers

focused on this tool: Professor Bertrand Eynard, a researcher in mathematical

physics; Professor Sylvie Granon, a professor of neuroscience at the Institute of

Neurosciences Paris-Saclay and head of the “Neurobiology of Decision-Making”

team; and myself, a Doctor in Neuroscience and a practicing Clinical

Psychologist-Neuropsychologist.

MindPulse is a tool for characterizing fundamental decision-making in a

perceptual-motor sense. This characterization, unique to our test, allows us to

demonstrate the balance between attentional and executive functions, speed,

and accuracy. We discovered that we could also measure a new dimension, the

“Reaction to Difficulty.” Additionally, our particular method of calculating reaction

time, which measures the relaxation after an engagement in action, allows us to

better control the inevitable motivational bias encountered in all tools, even if we

do not “measure” it directly.

MindPulse is beginning its great clinical adventure. In the coming years,

numerous clinical research studies will enrich our understanding of its

characterization capabilities. Always keep in mind that you should compare these

results with those of the tools you are accustomed to using. I always recommend
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never measuring a function with just one tool but rather cross-referencing the

data.

Wishing you much pleasure in using this new tool.

Sandra Suarez

The MindPulse test has been filed for a French Patent jointly by IT’s Brain / CNRS /

Université Paris-Saclay, and for an international PCT filing. MindPulse® is a

registered trademark. To use MindPulse, you must be registered with It’s Brain and

have agreed to the terms of use. Copyright: © 2020 by IT’S BRAIN. All rights

reserved.
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Theoretical Introduction & Tool
Construction

1. Theoretical Background ofMindPulse
1.1. Executive Functions and Attention

Executive Functions (EF) refer to the set of high-level cognitive processes

that enable goal-directed action. These functions allow an individual to adapt to

new, conflicting, or complex situations (Diamond et al., 2013; Miller & Cohen, 2003).

EF is known for its close links with attentional functions (Gazzaley & Nobre, 2012).

1.2. Fundamental DecisionMaking

Decision-making (DM) is an adaptive process that enables the selection of

an option among several alternatives based on the environment and individual

needs. DM relies on numerous circuits and cognitive processes, which can be

simplified as shown below (Figure 1). These include a cognitive circuit, an executive

control circuit (which encompasses inhibitory control, behavioral flexibility, or

working memory), and a circuit for emotional processing that includes an action

execution component.

Figure 1 : Circuits underlying decision making
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The integrity of these networks and regions is therefore crucial to support

the decision-making process.

1.2.1. Classicalmodels of evaluation

In our daily lives, when making a decision, we cannot precisely predict the

consequences of our actions, which makes the situation uncertain. Why do we

prefer one option over another? Each potential cost and benefit is actually

estimated both in the short term and the long term, to weigh our actions based on

their consequences. This involves several steps:

● Exploring the different possible options

● Evaluating the value of each option

● Estimating the cost and benefit of each option

Note: The benefits associated with a decision can correspond to rewards

(pleasant events), and the costs can correspond to penalties (unpleasant events).

Following this "experience" and learning, the individual will develop a

personal preference that integrates the benefits (rewards) and costs (penalties)

resulting from our choices. These preferences are unique to each person and

allow us to observe and study individual differences.

Thus, one type of decision-making involves evaluating the available options

and is reflected in the selection of an option based on its value coding related to

the concept of reward and associated (positive) reinforcement.

For example, traditionally, to study decision-making in humans, tasks such

as the Iowa Gambling Task (Bechara et al., 1994) are used.

1.2.2. Perceptivo-motorModel: Go/Nogo task

At a more basic level, perceptual-motor decision-making is the most

commonly used measure in the study of decision-making. It involves perceptual

or semantic categorization of information, with a motor response modality.
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These tasks, also known as “Go/NoGo” tasks, require a motor response

(such as a click) to a stimulus corresponding to a specific category (Go trials) and

inhibition of the response for stimuli that do not fit the requested category (No-Go

trials). The subject must respond if the image matches the requested category

(for example, in the diagram on the right, if the sun is yellow) and must withhold

their response if the image does not match the requested category (for example,

if the sun is blue - see Figure 2).

These basic and sensory decision-making processes are encountered in

daily life, whether it’s deciding to cross the street when the traffic light is green

(acting) or to stay on the sidewalk when it’s red (withholding action), or when

faced with danger and choosing between “fighting” or “fleeing.”

Figure 2 (from Vidal et al., 2020). Illustration of a Go/NoGo task

Therefore, the assessment of decision-making will vary depending on the

measures studied, as the processes involved differ between the various tools and

methods chosen.

1.3. Interaction between processes

The ability to make appropriate decisions depends on the proper

functioning of various structures and networks (Bari & Robbins, 2013 - Figure 3), as

well as on the interaction between the different processes involved at each stage.
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The dynamic control and adjustment of our behaviors in response to

environmental feedback depend on the balance between attention, inhibition, and

cognitive abilities.

Studying this process is crucial because ineffective decision-making is a

major source of daily difficulties and decreased quality of life for individuals with

mental and/or cognitive disorders. Yet, even today, we have limited information

about the various factors responsible for defective decision-making depending on

the types of disorders or underlying brain functions. Determining the origin of

these difficulties seems important both clinically and theoretically to better

understand which function is impaired and causing inappropriate

decision-making.

Figure 3. Representation of the hypothetical simplified relationships between
different executive functions, adapted from Bari & Robbins, 2013.

Among the subcomponents of decision-making, we will focus more

specifically on attentional capacities, which are necessary for directing attentional

focus on essential information during decision-making.
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1.3.1. Attentional Component

Attention is crucial for optimal cognitive functioning because it directs the

processing of relevant information according to our goals. Several models explain

attentional functioning, including the model by van Zomeren & Brouwer (1994),

which breaks down attentional capacities into two main functions:

● The selectivity function of attention: This function allows for the selection

of a specific stimulus to process it in depth. It includes focused attention,

which enables the selection of a relevant stimulus by inhibiting distractors,

and divided attention, which allows performing two tasks simultaneously.

● The intensity function of attention: This is the general state of activation

that allows for processing and responding to stimulation with varying levels

of efficiency. This function includes phasic alertness, which mobilizes

resources quickly in response to a signal, and sustained attention, which

maintains attentional levels over extended periods. Additionally, there is an

attentional supervisory system, a central process that controls and

manages attentional resources.

Attention disorders are present in many pathologies and can particularly

impact decision-making. Indeed, effective decision-making requires essential

attention to focus on relevant information so that our response is continually

updated and adapted to the needs of our body and environment (Bari & Robbins,

2013). This adaptation is also possible thanks to another process we are also

interested in: inhibition.

1.3.2. Inhibition Component

In a constantly changing environment, the ability to adapt to all types of

situations is essential for optimal cognitive functioning. Inhibition plays a key role

in this by controlling interference. Consequently, a deficit in inhibition can greatly

impact the decision-making process, which in turn affects daily life, leading to

various behavioral and psychopathological or psychiatric disorders.

Thus, since decision-making is a sequential process, in clinical and

psychometric practice, the final goal observed is the motor execution of the

action, which is the motor response.
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2. Motor Response : psychomotor slowing

In most cognitive tasks, we measure the behavioral output, which is the

execution of the motor act and corresponds to the response time. This response

time (RT) reflects the speed of execution between the presentation of the stimulus

and the response to the task.

When evaluating decision-making, our decisions are made under time

constraints, which can lead to a slowing of the response in order to remain

accurate and precise. This slowing down of action speed to respond to a task is

often referred to as psychomotor retardation (Roussel & Godefroy, 2019), and

when it becomes excessive, it can become problematic. Psychomotor retardation

then becomes a pathological state described as a disruption of psychomotor

activity and is a common symptom in various pathologies, such as

subcortical-frontal disorders, certain cases of depression, anxiety, or as a result of

medication, substance abuse, or psychotropic use, affecting subcortical-frontal or

more broadly frontal loops (for more details, see the article here:

https://itsbrain.mindpulse.net/en/article-adult-norm/).

The presence of psychomotor retardation across multiple diagnoses

underscores the importance of determining its origin. Its recurrent nature can

obscure its origin, which is both varied and largely undetermined. Indeed, this

slowing down can stem from disturbances at different levels, such as perceptual,

motor, attentional, and decision-making processes, as proposed in the model by

Godefroy et al., (2010) (Figure 4). This confusion regarding the origin of the slowing

can increase diagnostic imprecision or errors.

Figure 4. Representation of the simplified processes involved in a simple reaction
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time task, presented in the article by Roussel & Godefroy (2019).

It seems important to clarify the measurement concerning the motor

response, which remains a major measure in clinical tests. Specifically, being able

to measure psychomotor retardation to assess the functionality of an individual's

cognitive processes and to discern the precise cause of this slowing in cases of

dysfunction remains to be developed.

The significance of measuring decision-making in executive and

attentional evaluation has been discussed in more detail on our website:

https://itsbrain.mindpulse.net/en/executive-decision/

3. Evolution toward newmodelisations: the DDM
3.1. DDM Introduction

Cognitive evaluations of executive functions generally require completing a

task quickly or providing as many correct responses as possible within a given

time frame. Consequently, these evaluations involve a trade-off between the

speed and accuracy of responses. Measures typically address these two

parameters as separate components or attempt to quantify the interaction

between these aspects. However, this trade-off is influenced by conscious control,

where individuals may prioritize either speed or accuracy, as well as by underlying

mechanisms that can vary. This pertains to decision-making: the implementation

of a choice and the observation of its consequences based on the elements of a

given situation. These elements, however, are not independent of each other. For

example, a slowing of responses might result from a more cautious

decision-making process or from illness-related slowing, which might not be

distinguished by conventional methods (Myers et al., 2022).

To better understand cognitive and emotional functions, MindPulse is

committed to employing a decision-making measurement methodology that

accounts not only for accuracy and speed but also for their interaction. This is

precisely what the Decision Diffusion Model (DDM) offers, and its link to these
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parameters has been validated in numerous studies in cognitive psychology

(Myers et al., 2022). The DDM has become a dominant model for rapid

decision-making, and some have suggested it should replace mean reaction

times and accuracy as default measurement tools in cognitive psychology (Evans

& Wagenmakers, 2020). Initially implemented at MindPulse for our research

collaborations, our goal is to incorporate this methodology into clinical practice.

The DDM is a model that helps to better understand how an individual

makes decisions, such as choosing between two options. It captures the complex

relationship between choice and reaction times by decomposing behavioral data

into internal cognitive components of the decision-making process (Myers et al.,

2022). It produces parameters that integrate both reaction time and accuracy

data into a single set of performance indicators (Ratcliff & McKoon, 2008). The

DDM assumes that decisions are made through a noisy process that accumulates

information over time from a starting point toward one of two response criteria

(true/false), along with the individual’s personal speed-accuracy trade-off

parameters. The DDM conceptualizes decision-making as a process in which, on

each trial, individuals accumulate evidence in favor of one response alternative

over another until a sufficient amount of evidence reaches a criterion or threshold,

at which point a decision is made and the corresponding response is initiated. The

trade-off between speed and accuracy reflects this critical balance point that

determines when to stop gathering information and make a decision based on

the available data.

3.2.DDM component

3.2.1. Drift

The main components of the DDM include information processing efficiency

(the drift rate), which is the speed at which an individual accumulates information

toward the correct decision boundary. It is influenced by individual differences in

development and states of arousal (Ratcliff & Van Dongen, 2011). For example, the

drift rate slows down in depressed subjects (they accumulate the necessary

evidence for making decisions more slowly than controls; Pitliya et al., 2022).
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3.3.Boundary (B)

Another parameter of interest is the boundary separation, often referred to as "B."

Boundary separation is primarily determined by an individual's personal

speed-accuracy trade-off parameters or can be influenced by an explicit

strategic choice (Huang-Pollock et al., 2020; Ratcliff & McKoon, 2008). Boundary

separation can be seen as a reflection of caution in responses, with higher "B"

values emphasizing accuracy over speed, and lower "B" values favoring speed

over accuracy. The consequence of having a larger "B" value is that the

decision-making process becomes slower and more cautious. This occurs

because a greater amount of evidence is required before reaching a distant

boundary and triggering a response. The advantage of this is higher accuracy, as

it becomes less frequent for the decision-making process to erroneously cross the

wrong boundary (Lerche et al., 2020).

3.4.Ndt (non decisional time)

The "ndt" (non-decision time) refers to a portion of the response time that is

not described by the diffusion model, sometimes interpreted as the speed of

evidence encoding before the decision and the post-decisional translation of the

choice into a motor response (de Gee et al., 2020), as well as mind-wandering

during the decision-making process (Boehm et al., 2021). The starting point of the

diffusion process is influenced by the test construction and is interpreted as a bias

towards the "go" or "no-go" boundary, and should be set in the middle between

the two boundaries for a defect-free test (Boehm et al., 2021). The value of the DDM

parameters, providing the best fit to a response distribution, is to help identify the

cognitive processes underlying decision-making processes (Voss et al., 2004;

Voss & Voss, 2007; 2008).

Atypical decision-making has been associated with a variety of conditions,

ranging from depressive and anxiety disorders (Pitliya et al., 2022; Chen, 2022) to

borderline personality disorder (Hallquist et al., 2018), as well as Parkinson's

disease (Frank et al., 2007; Moustafa et al., 2008) and suicidal tendencies (Brenner

et al., 2015; Dombrovski & Hallquist, 2017). Gaining a deeper understanding of the

cognitive and neural bases of atypical decision-making in these populations is

crucial for improving psychological and pharmacological treatment strategies, as
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well as ensuring treatment adherence.

3.5.Confidentiality and Data Anonymization

MindPulse (with the data processing protocol described here) has been

registered in the data processing register of the Assistance Publique –

Hôpitaux de Paris (APHP) (November 2022), validating that its use at

APHP complies with GDPR regulations. Therefore, all clinicians at APHP

will have permission to use it.

3.5.1. Typical clinical case example

Patients are systematically informed about data processing at the

beginning of the test and must provide their consent by checking a box. The

clinician must confirm at the end of the test that they have obtained the patient’s

consent for data processing.

During the MindPulse test, participants' personal data is pseudonymized

(name, first name, month, and year of birth are automatically transformed into a

unique identifying code according to the SHA256 hashing encryption protocol

(high security)). Names and first names are neither recorded nor transferred.

Collected data is transmitted encrypted (RSA protocol with public/private

keys) and then decrypted with the key on the It’S Brain server. The It’S Brain server

is protected and maintained by XEFI. All computers at It’S Brain are protected by

XEFI.

List of transferred data:

● Month and year of birth

● Date of test administration (day, month, year)

● Clinician code

● Time of test administration

● CITE 1997 code (International Classification of Education, cf. UNESCO 1997)

● Gender

● Language
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● Lateralization

● MindPulse results: reaction time measurements in milliseconds and types of

errors

Any patient who wishes may withdraw their consent for the use of their data

for research within one month after the test. To do so, they must contact the

investigating clinician, who is the only one able to provide It’s Brain with the

identifier code to be deleted.

Data retention is for one year. After one year, MindPulse data is strictly

ANONYMIZED (by removing the month of birth, date of test administration, and

identifier code) and stored on a server hosted by XEFI, compliant with HADS

standards (Health Data Hosting, adhering to the recommendations of the High

Authority of Health), for potential future research projects.

Thus, only anonymized MindPulse data, as AUTHORISED BY LAW (GDPR), is

stored long-term, containing:

● Year of birth

● Age at the time of the test (in months, with an error of +/- 30 days)

● Clinical code indicating the pathology

● Time between the diagnosis of the pathology and the test administration

● Month and year of test administration (day removed)

● Time of test administration

● CITE 1997 code

● Gender

● Language

● MindPulse results: reaction time measurements

3.5.2. Case of Use in a Research Protocol
Before starting the study, participants will be informed about the research

protocol and the procedures for handling the collected data. They will need to

confirm their consent to participate. Participants will also be informed that they

have the right to withdraw their consent and oppose the transfer and processing

of their collected data at any time, without justification.

During the MindPulse test, participants' personal data are pseudonymized.

Specifically, their name, surname, month, and year of birth are automatically
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transformed into a unique identifier code using the SHA256 hashing encryption

protocol (high security). Therefore, names and surnames are neither recorded nor

transferred.

The collected data are transmitted encrypted (RSA protocol with

public/private keys) and decrypted with the key on the It’s Brain server. The It’s

Brain server is protected and maintained by XEFI. All computers at It’s Brain are

protected by XEFI.

List of Transferred Data:

● Month and year of birth

● Day, month, and year of the test

● Clinician code

● Test time

● CITE 1997 code (International Standard Classification of Education, UNESCO

1997)

● Gender

● Language

● Laterality

● MindPulse results = reaction time measures in ms and types of errors

Participants have a one-month period after the test to withdraw their

consent for the use of their data for research. To do this, they must contact the

investigating clinician, who is the only one able to provide It’s Brain with the

identifier code to be deleted.

Long-Term Data Storage: At the end of the scientific study, once finalized by

the publication of a scientific article, the raw MindPulse data are strictly

ANONYMIZED (by removing the month of birth, the day of the test, and the identifier

code). The anonymized MindPulse data will contain:

● Year of birth

● Age at the time of testing (in months, with a +/- 30 days error)

● Month and year of testing (day removed)

● Test time

● CITE 1997 code

● Gender
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● Language

● MindPulse results = reaction time measures

These anonymized data are stored on a server hosted by XEFI, complying

with HADS standards (Health Data Hosting Provider, in accordance with the

recommendations of the French National Authority for Health).

For potential future research projects and with the researchers' agreement,

these anonymized data may also include a clinical code indicating the pathology

and the time between the diagnosis of the pathology and the test.

In conclusion, only ANONYMOUS DATA, AS AUTHORIZED BY LAW (GDPR), will be

stored long-term for scientific and technical improvement purposes.

No hospital data (medical data and biological data, etc.) is transmitted to

It’s Brain's data storage servers. The MindPulse platform does not allow the

transmission of such data; it is NOT used for managing patient data.

In some collaborations (with a collaboration agreement in this case), if

data necessary for scientific treatments (data analysis) are worked on jointly by

teams, these data remain within the research teams and are not included in It’s

Brain's data storage. They are therefore deleted after the research by the It’s Brain

research team.
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MindPulse Utilisation

1. General Terms andConditions

MindPulse is a neurocognitive assessment test for evaluating cognitive

functions. Itmay only be usedwithin this context and by authorized clinicians.

Any use outside of this framework is strictly prohibited. Anymisuse, such as

for "cognitive stimulation" purposes, is strictly forbidden and violates the

terms of use.

Professionals in Cognition

MindPulse, in its "expert" version, is a professional tool intended for qualified

clinicians, including psychologists, physicians, speech therapists, psychomotor

therapists, and occupational therapists. The "screening" version (in preparation)

will include other professions interested in visual attention issues, such as

orthoptists and nurses.

Targeted Disorders

MindPulse is designed to assess and quantify moderate and minor disorders. In

cases of severe disorders, difficulties in understanding the dual-task instructions

may make the test administration impossible. Incomplete assessments (when

one phase of the test could not be administered) cannot be analyzed.

Responsibility for Administration and Testing

The clinician solely decides on the appropriateness of administering MindPulse

and is responsible for interpreting the results. All administration is conducted

under their clinical responsibility.

Age of Administration
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MindPulse is standardized for individuals aged 13 to 80 years. Interpretation of

results is not possible outside these age ranges. Standardization for individuals

aged 9 years and older is in progress and will soon be available for clinicians.

Suitable Environment

Professionals must have a room suitable for cognitive testing. MindPulse results

can be compromised by poor testing conditions (noise, interruptions, disruptive

elements, excessive stress, etc.). In the case of remote testing, the clinician retains

responsibility for the testing situation and must monitor the test administration

through a teleconsultation.

2. MandatoryMaterial

To use MindPulse, you need:

● A 64-bit computer connected to the internet: A 32-bit operating system is

not compatible with MindPulse.

● A recent version of Windows or Macintosh: Versions prior to High Sierra

(Mac) or Windows 10 are not compatible with the offline installation of

MindPulse. If you have an earlier operating system, MindPulse can still be

used in its Online version.

● A high-quality wired mouse (with a cable). Ideally, a "gaming" type mouse

is recommended. The use of a touchpad is possible, but please note that

the norms were established using a wired mouse. Thus, this change may

need to be considered in the interpretation of results. Wireless mice are not

recommended because their detection is usually slower, which can distort

patient scores. It is important to check the quality of the wired mouse

connection in advance and conduct preliminary tests to ensure accurate

detection and connection.
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3. Testing Conditions

The use of MindPulse relies on several recommended parameters. Checking

these parameters is crucial to ensure optimal testing conditions and the reliability

of the results obtained.

The participant should be welcomed into a quiet room and seated in front

of a computer to fully focus on completing the test. No interruptions should occur

in the room during the test.

Noise or visual disturbances (such as lighting issues) should be kept to a

minimum. The sound should be turned off.

It is advisable to close as many running applications as possible. If possible,

shutting down all running applications is recommended.

The screen's resolution and brightness should be sufficient to ensure proper

perception of the stimuli. Strong (but comfortable) lighting is recommended to

enhance color contrast. Strong contrast between a white background and gray

items might be challenging for individuals sensitive to bright light; in this case,

adjust the screen brightness to ensure the participant can clearly distinguish the

color of the stimuli (White vs. Gray).

The distance between the participant and the screen should also be

checked to ensure that the stimuli can be clearly perceived.

Depending on the participant's level of autonomy, it is preferable to conduct

the test alone, without the presence of a third party or a parent in the room. Facial

expressions or gestures from another person in the room could lead to attentional

distractions that might impact the test performance.
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4. Test Duration

The complete MindPulse protocol takes approximately 15 minutes, from the

start of the test to its completion. An additional 2 to 5 minutes should be allowed

to receive the results in the form of a report for the clinician.

5. MindPulse Online utilization

To avoid the need for software downloads and to simplify the clinician's

work, MindPulse has recently developed its MindPulse Online interface. This

platform centralizes all information and tools related to the use of MindPulse.

Accessing this interface requires registration and an internet connection for each

use. It consolidates the patient list, test progress status, the number of available

reports, and offers the option to purchase additional reports or training online.

5.1. Registration

The first step to access the MindPulse Online platform is to create your client

account. You can create your account at this link:

https://www.mindpulse.online/en/signup

Simply fill out the requested information. You will then receive an activation

link via email, which will allow you to access the platform automatically after a few

minutes.

5.2. Connection

Once your account is created, you can log in to your Online space using the

following link:

https://www.mindpulse.online/en/login

Simply enter your contact email and password. You will then access your

personalized space.

MindPulse updates will be automatically performed, so you don't need to do

anything.
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5.3. New test

To take a MindPulse test, simply click on "Test MindPulse" on the MindPulse

Online homepage. This button will allow you to create a new patient by filling out

the required fields and will automatically start a new test once the information is

entered.

5.4. Clinicienworkspace

The clinician space is an interface designed to centralize all the information

related to your use of MindPulse. This space has been designed to be as intuitive

as possible. You will find several tabs there

5.4.1. Homepage

Once logged into your clinician space, you will automatically land on your

homepage. This page provides the main information related to your use of

MindPulse (see Figure 5):

● Remaining Reports: The number of reports you have left.

● Recent Reports: The most recently downloaded reports and their dates.

● Pending Tests: Tests awaiting completion (for remote testing) or download.

● Purchase and Training Buttons: Buttons to purchase additional reports or

to sign up for training sessions.

● Start a Test: Buttons to initiate a MindPulse test for a new patient or a

previously tested patient (re-test).

● UserManual: Access to the MindPulse user manual.

● Latest News: The latest updates from MindPulse at the bottom of the page.

The command bar at the top allows you to:

● Show/Hide Navigation Sidebar: Toggle the visibility of the navigation

sidebar.

● Contact Us: Send a message if you have questions or need assistance.

● Change Language: Switch the clinician space language between French

and English.
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● Account Information: View your account information by clicking on your

name.

● Logout: Log out of your account.

Figure 5. HomePage of MindPulse Online Workspace

5.4.2. My patients

The “My Patients” tab consolidates all information related to the patients you have

entered and to whom you have administered the MindPulse test.

● Encryption: All information is automatically encrypted, preventing access to

your patients' personal details. However, if you need to access this

information, you can temporarily “Decrypt” it by clicking the corresponding

button. This also allows you to verify the correspondence between your

patient's code and their name. You will be prompted to enter your password

to decrypt the information (see Figure 6).

● Downloading Reports: From this page, you can download MindPulse reports

for your patients or re-download them later if necessary. For deferred

sending, you can request a report directly from this page with a single click.
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● Editing Patient Information: You can edit details related to your patients,

create new patient records, and export the patient list in CSV or XLS format if

you wish to keep a copy on your computer.

Figure 6. “My Patient” page

5.4.3. My profile
The “My Profile” section allows you to access all information related to your

account. Here, you will find your personal and professional details, as well as the

activation keys you have for using MindPulse. You can also review our terms of use

and check the number of remaining credits available to you.

5.4.4. Notifications
The “Notifications” section is automatically updated each time you use and

administer MindPulse to a patient. This section allows you to check the status of

the tests you have administered. You can mark notifications as read or unread

based on your preferences.

5.4.5. Advice on Use
The “Advice on Use” section allows you to download a summary of the

optimal conditions for using MindPulse (see Figure 7).
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Figure 7. Advices on Use

6. Utilization of Mindpulse software

If you do not have a stable internet connection while using MindPulse, an

offline version of the software is also available. This version requires manual

installation of the software on your computer. Results can then be sent manually

when your internet connection allows, or automatically at the end of the test if the

connection is sufficient.

The Company implements all appropriate measures to ensure the

security of data on the software and within the services offered and sold

(obligation of means). In case of data loss, the Company shall not be held

responsible for any damage caused by the loss of data. It is the user's

responsibility to ensure data backup before installing the software and with

each use. The MindPulse software does not contain any "viruses," but its use

may be blocked by some antivirus programs and other firewalls of users. Users

are responsible for the actions on their computer to allow the installation of

MindPulse. The Company, It's Brain, cannot be held responsible for damages

related to the functioning of other software besides MindPulse.
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6.1. Installation protocol

The installation of MindPulse is quite straightforward. After accessing the

download page at: https://www.mindpulse.net/en/telechargement-cliniciens/,

the clinician starts by downloading the documentation related to installation and

results reception by clicking on the "cloud" icon. These documents provide a

step-by-step guide for installation procedures for both in-person and remote

assessments.

The clinician can then download MindPulse by clicking on the icon

corresponding to their computer system (Windows or Macintosh). The download

will start immediately.

6.1.1. Macintosh

If you have a Macintosh computer, click on the Mac icon to download the

corresponding installation file.

● Double-click on the downloaded .zip file and start the installation by clicking

"Continue".

● Choose the destination for saving the installation before pressing

"Continue".

● Select the type of installation to perform. It’s Brain recommends a standard

installation by simply clicking "Install". After a few seconds, the installation

will be complete.

Note: Your computer may block the installation of MindPulse because it does not

recognize the application. An error message may appear indicating that the

application is not from an identified developer. If this message appears, click "OK",

then click on the file while holding down the Command ⌘ key. To confirm your

action, the computer will ask you to enter your administrator password before you

can proceed with the installation.

Once the installation is complete, MindPulse is ready to use. However, you will need

to click on the activation key received by email to use it. We recommend placing
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this activation key directly on your computer screen to use it as the MindPulse

"icon".

6.1.2. Windows

If you have a Windows computer, click on the Windows icon to download the

corresponding installation file.

● Double-click on the downloaded .zip file to extract the .exe file for the

installation wizard.

● Click on the .exe file to start the installation process.

● Allow the application to make changes to your computer, then confirm the

language choice by clicking "OK".

● Choose the user by clicking "Next".

● Complete the installation by clicking "Install" before closing the window by

clicking "Next", then "Finish".

Note: Windows SmartScreen might block the start of the installation. If this

happens, click on "More info", then "Run anyway".

MindPulse is now installed and ready to use. To launch it, double-click on the

activation key received by email.

Once the installation is complete, MindPulse is ready for use. However, you will

need to click on the activation key received by email to use it. We recommend

placing this activation key directly on your computer screen to use it as the

MindPulse "icon".

6.2. New test

To start a new MindPulse test, simply click on the software icon and then

click on "Start Test." The test will begin automatically after entering the

participant's personal information and checking the various conditions of use.
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6.3. Data Transmission

At the end of the test, and if it was conducted under optimal conditions, the

clinician can either directly and automatically send the patient’s data to It’s Brain

to receive the report or save the results to request a report at a later time.

6.3.1. Automatic transmission

Automatic submission requires an internet connection and at least one

report credit remaining. If you choose automatic submission, after noting the test

conditions, simply click on "Obtain a report" at the very end of the test. You will then

receive an email within a few minutes containing a unique link allowing you to

download your report from a secure space.

6.3.2. Manual Transmission

If the clinician decides not to request a report immediately after completing the

MindPulse test, the recorded data will remain accessible for a report request later,

but it will need to be submitted via the manual procedure. The manual procedure

is described in the downloadable documentation available on the website

www.mindpulse.net/en/telechargement-cliniciens/.

In the manual procedure (Figure 8), the clinician needs the patient’s identification

code to request the results. This code is accessible through the application under

“view the list of patients.” Once obtained, the clinician must return to the test

homepage and click on “open file.” They then select the file corresponding to the

patient for whom they wish to obtain the results. The clinician attaches this file,

without renaming it, in an email addressed to “resultats@mindpulse.net.” An

automatic receipt confirmation will be sent immediately by MindPulse. The report

will then be downloadable via a unique link, which will also be sent by email.
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Figure 8. How to send the results to Mindpulse : manual procedure

6.4. How to find a patient’s personal information ?

To manually send data when using the MindPulse software, or simply to

verify the correspondence between your patient's code and their name, you may

need to access the non-anonymized MindPulse information. This information is

available on the clinician's space of MindPulse Online when it has been used for

testing, and on your computer when using the MindPulse Software.

Consulting the correspondence between your patient's personal information and

their MindPulse code is possible on the MindPulse Software. To do this, simply open

the software and click on the “View the list of patients” button. You will then find a

table of all your patients, including their personal information and their patient

code (see Figure 9).
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Figure 9. a) Access to the table linking the clinician code with the patient
identification information from the MindPulse homepage.
(b) Table linking the patient code with their personal information: name, first
name, date of birth, date of the test administration, and mode of administration
(remote or in-person)."

7. New test MindPulse
7.1. Participant Informations

Starting the test requires entering information about the participant being tested.

The necessary information is as follows:

● The patient’s first and last name

● Their gender

● Their laterality
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● Their date of birth

● Their level of education

● Their native language(s)

This information will be used to generate a unique patient identification code,

ensuring their anonymization.

7.1.1. Terms andConditions

The test begins with the confirmation of the general conditions of

administration by checking a box. The participant is reminded that their personal

information (name, date of birth, etc.) is not transmitted to It’s Brain. The

participant acknowledges that they are being supervised by a clinician during the

test and agrees not to receive any results directly from It’s Brain. The participant

consents to the transmission of the test data to It’s Brain for the interpretation of

the results.

7.1.2. Testing protocol

Once the administration conditions are validated, the test automatically

switches to full-screen mode, and a test introduction window appears. The

instructions follow, presenting a guideline on the computer that the participant

should take the time to read (see Figure 10).
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Figure 10. Test procedure on SRT

Understanding the instructions is crucial for the proper use of MindPulse. Since

reading the instructions alone may sometimes be insufficient, it is essential that

the examiner verbally re-explains the instructions, with additional repetitions or

clarifications if necessary, to eliminate any risk of misunderstanding.

After reading and confirming the participant's understanding of the instructions, a

window will open where a preliminary trial will be conducted to teach the gesture

necessary for the test (click - release).

Success in this gesture-learning trial is required to proceed with MindPulse. Once

this prerequisite is met, the first phase of the test, corresponding to simple

reaction time (Part A - SRT), begins with its 4 training trials. For each trial, the

participant is asked to press the mouse button when a "click" symbol appears and

to hold down the click. The screen then turns white, and the participant should

release the click upon the appearance of the target image. In the SRT (and its

training), the participant must release the click for all images without distinction.

Success in the training is necessary to access the test phase. Training can be
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repeated in case of failure, up to 3 times. As in each section, instructions are

reiterated between the end of the training and the start of the evaluation.

Once the SRT is completed, the participant clicks on “Next” to continue the test and

proceed to the explanation of the instructions for the second part, which

corresponds to a 1-choice reaction time (RT1C) or simple Go/NoGo (RT1C). In this

part, the participant should only release the click for relevant images, depending

on their color. A 4-trial training session, which can be repeated up to three times in

total, is presented again and must be completed successfully (at least 3 out of 4

correct) to start the Go/NoGo simple evaluation part.

At the end of the RT1C, the participant clicks on “Next” to proceed to the third

and final part of the evaluation. The instructions for RT2C (1-choice reaction time),

or complex Go/NoGo, are explained before the training begins. In this part, the

participant should only release the click if the image meets both simultaneous

criteria of color (white/gray) and type (living/non-living). The participant releases

the mouse only if the image matches both simultaneous criteria. Success in the

training is always required to continue the test. The MindPulse test concludes after

the 20 trials of this part.

7.1.3. Completion of the Test & Data Submission

At the end of the test, a final window opens to thank the participant for their

participation. The participant is asked to evaluate the quality of the test

administration with the clinician, and a space is provided for comments on the

conditions of the test. Finally, the patient code is displayed (Figure 11).
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Figure 11. How was the passation ?

Once the fields are filled in, the results can be sent by clicking the

corresponding button or saved to be sent later. It is imperative to complete the

procedure by choosing one of these options so that the results are recorded and

can be processed for a report (Figure 12 a, b, and c). In all cases, when the clinician

decides to submit the results, they will receive an email with a download link for

their report after a few minutes.
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Figure 12. Successive screens to save, process, and end a MindPulse test
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8. How to choose the testing protocol ?

It is always preferable to administer the MindPulse test in person with your patient.

However, in certain cases, you might prefer a remote administration. We have

made this possible, but keep in mind that it is your responsibility as a clinician to

ensure the proper conditions for the test administration by your patient. Therefore,

we recommend verifying in advance that the appropriate conditions are met and

to use MindPulse remotely only within the framework of a teleconsultation with

visual monitoring of the test administration via a separate device from the

computer where MindPulse is installed. MindPulse emphasizes that the MindPulse

standards were developed by clinicians in in-person settings.

We remind you that adhering to proper administration conditions is crucial to

ensure the accuracy of the results and their interpretation. These conditions

include:

● A quiet room, without interruptions or auditory or visual disturbances

● A computer that supports the use of the MindPulse software or online

version

● A wired mouse

● A comfortable and suitable position

We recommend that the clinician close all other applications or software running

on the computer used for the MindPulse administration to allocate maximum

processing power to MindPulse and to avoid unwanted interruptions.

8.1. Remote Administration

8.1.1. Consent, Confidentiality, and Copyright

We remind you that the clinician is responsible for the security of the data

and information provided to the patient (or the responsible adult, if applicable) as
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well as for obtaining informed consent from the patient or the legal guardian of

the patient.

The clinician is also responsible to It’s Brain for ensuring the confidentiality

of the test content and for not violating copyright, as stated in the terms and

conditions of use. These terms and conditions apply whether the test is

administered in person or remotely. The clinician is therefore responsible for

informing the patient and the trusted third party about confidentiality conditions,

including the prohibition of recording or photographing any part of the test, and

ensuring that the confidentiality of MindPulse content is maintained.

The home evaluation should replicate a situation as close as possible to the

in-office evaluation, especially in terms of providing an appropriate environment.

8.1.2. ViaMindPulse Online

In the case of remote use, your patient will automatically receive a link via email

that allows them to access the test directly in their browser. No download will be

necessary. At the end of the test, the patient will simply need to click on the "Send

Results" button and close the page. The results will be automatically transmitted

and sent to the clinician, who will be able to access them through their MindPulse

Online client space.

The patient will also have the option to save their results to their computer. We

recommend performing this backup to ensure that results can be recovered in

case of any connectivity or email issues.

8.1.3. ViaMindPulse software

8.1.3.1. Patient Software Installation

Using the MindPulse software remotely requires the patient to first install the

MindPulse application on their computer. It’s Brain recommends performing this

installation before the scheduled consultation to ensure that the patient will be

able to use the test effectively.
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The patient should download the installation file and the installation guide for

MindPulse from the following link:

https://www.mindpulse.net/telechargement-patients/

After downloading the file for their specific computer system, the installation

procedure is identical to that performed on the clinician’s computer. Once

installed, a shortcut icon will appear on the patient's desktop. To verify the

installation, the patient should double-click the icon to launch the application. A

message will then prompt them to use the activation key.

8.1.3.2. Remote Test Administration

At the time of the teleconsultation, the clinician sends the activation key to the

patient, which they have previously received by email, so that the patient can

double-click on it to start the test.

At the end of the test, the patient saves their results and must manually email

them to the clinician. The clinician will then need to manually email the patient’s

results to MindPulse in order to obtain the report.

9. Interrupting the Test During Administration

In case of issues during the administration of MindPulse (such as abnormal

fatigue, questions, etc.), and at any moment, the test can be temporarily or

permanently interrupted by pressing the "Escape" key (or "Esc").
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TheMindPulse
MindPulse is a digital neurocognitive test that measures the fundamental

decision-making process and its various subcomponents.

MindPulse uses psychomotor slowing as an indicator of neurocognitive

functioning, with each individual being their own benchmark. The test relies on

precise measurement of the subject's reaction times (response time: RT) to the

hundredth of a second, and on the accuracy of responses. The subject's

adaptation, necessary to succeed in the different parts of the test where

complexity and attentional demand increase, leads to a slowdown in their

response.

MindPulse thus measures various components of decision-making by considering

executive and attentional balance. It provides insights into the intensity of

attention, attention selectivity and stability; executive control, inhibition of

automatic responses (impulsive and compulsive behavior); and engagement in

the task (Figure 13). Through an innovative design, MindPulse also offers new

indicators of functioning, such as executive speed and reaction to difficulty.

Figure 13 : Decision-making sub-components evaluated in MindPulse
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1. The Three parts of MindPulse

MindPulse is structured into three successive and increasingly complex trials.

The difficulty level of the third trial is calculated based on projections from the

first two trials, and the data is adjusted accordingly.

In each of these trials, the subject prepares for action by pressing the mouse click

and reacts to the appearance of an image according to the instructions by

releasing the mouse button.

Regardless of the part of the evaluation (A or TRS, B or TR1C, and C or TR2C), the

testing conditions remain the same: only one stimulus is presented on the screen

at a time, and the action performed is to release the mouse button upon the

appearance of a target image.

Only the instructions change from one condition to another, becoming more

complex by first integrating a categorization request (in Go/NoGo - Part B), and

then a request for simultaneous double categorization and inhibition (complex

Go/NoGo - Part C - Figure 14).

Figure 14 : MindPulse subsections following time, and including number of trials

within each parts.

1.1. Training trials

Before each part, the subject undergoes a training session. Success in this

training, consisting of 4 trials, is necessary for MindPulse to continue with the
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evaluation. To pass the training, the subject must succeed in 3 out of 4 trials. In

case of failure, the training procedure is repeated up to a maximum of 3 times. If

the subject does not succeed after 3 attempts, MindPulse will be terminated

(Figures 14 and 15).

Figure 14 : Schematic representation of training phases: Case of success in the

training phase.

Figure 15 : Schematic representation of training phases: Case of failure in the 3

consecutive training phases.
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1.2. Learning the Release Gesture

MindPulse is based on the principle of releasing the mouse click upon

detecting a stimulus that meets the specific criteria of each part of the test. To

familiarize the subject with this gesture, a single training trial for the release

gesture is offered at the very beginning of MindPulse. This phase introduces the

MindPulse instructions and provides the participant with their first opportunity to

click when a click sign appears, hold the click during the blank screen, and release

it upon the appearance of the image. If this step is not completed successfully, it is

repeated as many times as necessary until it is successfully performed.

1.3. Part A : Simple Reaction Time (TRS)

The TRS (Simple Reaction Time) is the first test in MindPulse, where the

subject must react as quickly as possible to the appearance of an image,

without any other criteria. The subject starts by pressing the mouse click

at the start signal, and then releases the click as soon as a new image appears.

This part measures the perceptual-motor disengagement time and provides a

measure of simple perceptual-motor speed. This section consists of 16 trials, in

addition to 4 training trials.

In this part, there is no choice error possible; the subject should release the mouse

regardless of the image. However, they may produce Omission Errors (not reacting

to the appearance of an image) and Anticipation Errors (reacting before the

image appears or within 100ms of its appearance). Omission Errors are extremely

rare and should always be considered abnormal in this condition. Anticipation

Errors are generally associated with impulsivity but can also be linked to motor

disorders (motor weakness).

The TRS score corresponds to the smoothed median score of the successful trials.

Given the number of items in the test and their asymmetric distribution, the

median is a more appropriate parameter than the mean, which is less valid.

Outlier responses are weighted using Gaussian smoothing. This smoothing helps

mitigate the potential impact of an adverse event during the test. However,
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frequent occurrences of such responses will increase their weight in the TRS

calculation. In this way, the TRS better represents the subject's typical reaction

times. The TRS is then corrected according to the subject's age and sex. If the

“other” box for sex was checked in the preliminary information, normalization

according to sex will not be performed.

1.4. Part B : Go/NoGo - 1 choice reaction time (TR1C)

The Reaction Time with 1 Categorization, or Simple Go/NoGo test, is the second test

in MindPulse. The subject must release the mouse click only if the image that

appears corresponds to the requested category (Go). This category depends on

the color of the item, either gray or white. The color choice is made randomly by

the computer and remains constant throughout the condition.

The participant should release the mouse click only if the stimulus matches the

requested color criterion. If the image does not match, the participant should not

release the mouse click (No-Go) and should wait for a trial end signal before

releasing. This test also consists of 16 trials, in addition to the 4 training trials.

1.5. Part C : Complex Go/NoGo - 2 choices reaction time
(TR2C)

The third and final part of MindPulse, also known as TR2C (Reaction Time with 2

Categorization), is a complex Go/NoGo test involving simultaneous double

categorization. In this part, the subject must react (release the mouse click) only

for stimuli that simultaneously match two requested categories.

The color criterion is always reversed compared to part B, requiring inhibition of

the previously relevant color. The second criterion, which is new, refers to whether

the stimulus is living or non-living. The selection of the relevant criterion for this

new category is random.

This test consists of 20 trials, in addition to the 4 training trials.
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2. Stimuli

The images used in MindPulse are grouped into 2

criteria, each with two modalities:

● Color: “White” vs “Gray”

● Category: “Living” vs “Non-living”

Each item in the category (Living / Non-living) exists in both a white version and a

gray version.

© All images are created by It’s Brain and are under copyright.

3. Descriptions of the scores
MindPulse measures various parameters of decision-making. These are

described in the report sent to the clinician. The analysis notes, available at the

end of each report, help the clinician interpret the results. The perceptual-motor

decision-making process involves several components that MindPulse can

measure:

● Simple Reaction Time with Release (TRS - Part A) is measured during the

first test of MindPulse, where the subject must release the mouse as quickly

as possible upon the appearance of an image. TRS represents the

perceptual-motor reaction time to the appearance of an image. It

indicates the time needed for the perception and analysis of the image, as

well as the planning and execution of the motor action of releasing the

mouse.

● Go / No-Go Score (for B & C) is part of the overall results of MindPulse. It

corresponds to the time required to perform simple categorization (1

choice, B) and complex categorization (2 choices, C) in MindPulse. In

addition to the perceptual-motor aspect, these two conditions involve

semantic processing of the perceived image to determine if it meets the

categorization criteria. The subject must make a categorization decision

about these images to generate (Go) or not generate (NoGo) a motor

response (mouse click).
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● Executive Speed (ES) refers to the time needed to perform cognitive

processing of decision-making and image categorization in the TR1C and

TR2C tests, after removing the perceptual-motor time. Executive Speed (ES)

provides an indication of pure cognitive processing speed, without motor

involvement. This index allows the study of the contrast between a simple

(TRS) or reflexive motor condition and a more complex condition requiring

mental operation execution.

ES score ES= ((TR1C-TRS)+(TR2C-TRS))/2).

● Reaction to Difficulty (RD): This measures the subject's adjustment to

difficulty and depends on the balance between "going fast" to meet the

categorization demands and "making as few errors as possible." Due to the

increased difficulty from TR1C to TR2C, it is expected that reaction times will

increase in direct correlation with this growing complexity. MindPulse

measures the expected and normal level of slowing for each subject based

on their previous responses, making each subject their own control. If the

slowing is greater than expected, the RD index increases. Conversely, if the

slowing is less than expected or absent, the RD decreases. A variation in RD

indicates an imbalance between the speed and accuracy of the response.

● Dispersion: The dispersion of response times measures the variability in

subjects' response speeds. Significant dispersion suggests considerable

variability in reaction times and may indicate attention fluctuations or

external factors disrupting concentration.

● Error Analysis: Various types of errors are measured in MindPulse:

○ Total Errors refer to all errors, of any nature, committed during the

entire MindPulse assessment.

○ Anticipation Errors occur when the subject responds (clicks)

prematurely, either before the image is presented or within 100ms

after the appearance of the stimulus. These are generally indicative

of impulsivity.

○ Omission Errors are divided into two subcategories, depending on

whether they occur during TRS or during TR1C and/or TR2C. These are

cases where the subject fails to respond to an image for which a

response was expected.
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○ In TRS, omission errors are rare where the subject does not react to

an image within 3 seconds of its appearance. These errors are

generally associated with lapses in attention, difficulty understanding

the instructions, or technical (mouse malfunction) or environmental

(disruptive event) issues.

○ In TR1C and TR2C, omission errors occur when the subject does not

respond to an image that meets the categorization criteria. These

errors may be linked to lapses in vigilance or executive difficulties

related to categorization.

● Incorrect Responses are commission errors occurring during

categorization tests (TR1C and TR2C). The subject responds to an image

that does not meet the categorization criteria. The participant makes a

mistake about the requested category. These errors are termed “active”

and are often associated with executive difficulties, particularly cognitive

flexibility.

○ In TR2C, several types of incorrect responses are noted:

■ Inhibition Errors are errors related to color. In TR1C, individuals

must categorize images based on their color (light or dark). In

TR2C, the color criterion is reversed (e.g., if in TR1C the subject

reacts to light images, in TR2C they must react to dark

images). When the subject reacts to the wrong color in TR2C,

they have persisted with the previously relevant color.

■ Overload Errors are related to the new categorization criterion

of TR2C: the living or non-living nature of the image. When the

subject makes an error regarding this criterion (and thus

responds to the wrong category regarding living), it is

considered an overload error. The addition of a new category

overwhelms the participant's cognitive and executive

capacities, preventing effective processing of the new

categorization.

■ Joint Errors are errors made in both categories

simultaneously: the subject responds to images that do not

match either the target color or the living or non-living

character. When these errors are too frequent, it is important

to question the understanding of the instructions. High
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impulsivity and major inhibition deficits could also contribute

to an increase in these errors.

● Aberrant Responses (Ab) are correct responses but are made in

abnormally long times (<2 standard deviations) compared to the subject's

average response times. They are generally indicative of attentional lapses.

A single aberrant response is generally normal; however, frequent

occurrences throughout the test can indicate an attentional disorder or a

more general problem in maintaining sustained attention.

4. TheMindPulse Report
4.1. Reminder

MindPulse is based on the fine detection of the subject's response time

within a "speed/accuracy" trade-off. For each of the three conditions (A, B, and C),

the subject must respond by releasing the mouse click as quickly as possible,

without risking going too fast and making errors. The subject adjusts to these

various parameters throughout the test.MindPulse allows for the measurement of

this adjustment across different axes. The report provided by It’s Brain following

the receipt of the patient's test data presents the main and detailed results. Its

various sections are outlined below.

4.2. Page 1 : General Information

The first part of the report (Figure 16), on page 1, relates to the general

information of the clinician and the subject. The clinician's name and code are

listed, followed by the anonymized information of the patient. This section includes

the subject's identifier (Patient ID), date of birth, age, gender, handedness, and

native language(s). Lastly, the time and date of the MindPulse test are noted,

along with the clinician's assessment of the test quality and any additional

comments they may have.
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Figure 16 : First page of the report

4.3. Page 2 : Perceptivo-motor decisionmaking Balance

The "Perceptual-Motor Decision-Making Balance" chart (Figure 17) forms the

first part of the results. Acting quickly and accurately requires the subject to strike

a balance: they need to find the "right speed" at which they can respond correctly.

If they go too fast, the risk of errors increases. The ideal speed changes depending

on the complexity of the task, and the subject must adapt. The goal of this chart is

to show, at a glance, the subject's positioning on four fundamental axes of this

speed/accuracy balance.

The uniqueness of MindPulse is that the clinician can examine not only the

patient's "basic" perceptual-motor speed (which includes the perceptual and

motor component of releasing the mouse; TRS) but also their executive (or
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"ideational") speed (ES), stripped of the perceptual-motor component, while also

taking into account the precision of the result (errors) and how they respond to

perceived difficulty.

The evolution of slowing down is analyzed based on the individual's own

measures, by subtracting the TRS (basic perceptual-motor release task) from the

other two conditions to remove the perceptual-motor component. This way, each

subject becomes their own reference regarding their perceptual-motor execution

time. This deeper analysis allows for the creation of two novel indices: executive

speed and reaction to difficulty. These indices, presented below, will be further

detailed following the scientific publication of our data.

On the perceptual-motor decision-making balance chart, the subject is

represented and located by a colored point of varying size. The interpretation of

their performance depends on the color of the point, its size, its horizontal position,

and its vertical position on the chart.

Figure 17 : Balance of perceptivo-moteur decision making
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● The size of the circle (representing the subject) varies according to

their Simple Reaction Time (TRS). The TRS, expressed in

milliseconds, corresponds to the time required to perceive a

stimulus and generate a motor response (releasing the mouse

click). The subject's TRS should be compared to the reference

average TRS, which is directly visible below the chart (Figure 18).

Variations at +1 and +2 standard deviations are represented by the two

outer circles. The larger the circle, the slower the subject.

Figure 18 : Visualization of circle size related to perceptual-motor speed.

● The color of the circle allows for visualizing the number of Total Errors

made by the subject during the MindPulse test. The color provides an

indication of the subject’s accuracy across the three parts of the test.

The legend corresponding to the colors is visible to the right of the

chart (Figure 19). A green color indicates an error rate within the

average range, orange corresponds to the borderline zone between 1

and 2 standard deviations, red corresponds to +2 standard

deviations, indicating the pathological zone, and dark red represents
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+3 standard deviations.

Figure 19 : Color Chart for accuracy

● The position of the point on the x-axis allows for visualizing the subject's

Executive Speed. To recap, executive speed corresponds to the time taken

for cognitive processing once the perceptual-motor time is accounted for.

A slowdown in executive speed will result in the circle shifting to the right.

The percentile rank of executive speed can be read on the upper part of the

x-axis, which indicates the percentage of individuals with slower executive

speed than the subject. The normal range, between zero and one standard

deviation, is visible in the blue rectangle at the center of the chart. The

extended normal range (upper and lower average), corresponding to the

limit of two standard deviations, is shown by the dotted rectangle (Figure

20).
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Figure 20 : Description of the areas related to executive speed.

● The vertical axis (ordinate) allows for visualizing the subject's reaction to

difficulty, which corresponds to how they adjust to the increasing

complexity of the tasks. Poor adjustment to difficulty can manifest either as

excessive slowing (deceleration: the participant slows down too much in

response to difficulty), visible by the point being positioned in the upper part

of the graph, or as insufficient slowing (overspeed: the participant goes too

fast in relation to the difficulty), with the point located in the lower part of

the ordinate axis (Figure 21).
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Figure 21 : Description of the areas related to reaction to difficulty

4.4. Page 3 : General results

The general results table (Figure 22) presents the four main results from the

graph in numerical form, including means, confidence intervals, percentile ranks,

and standard deviations. These scores are accompanied by qualitative

descriptions to make the data easier to interpret. The participant's results are

adjusted for age and sex and compared to norms derived from a sample of

subjects aged 13 to 80 years, allowing for calculations of deviations from the

mean.

Figure 22 : General results table

The interpretation of these normative values can be facilitated with the

correspondence between percentiles, qualitative descriptors, and standard

deviations shown below (Figure 23), available on page 8 of the report.
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Figure 23 : Diagram of the correspondence between different normative values

and their designation.

4.5. Page 3 : Reaction Times (TR) Trends in the 3
Conditions - Subject Variability

The three graphs titled "Subject's TR Trends for the 3 Conditions" (Figure 24)

show the variation in Reaction Times of the subject throughout the three parts of

the test, based on the time elapsed since the beginning of each test. This is a

measure of attention stability. The typical variations (standard deviations) of TRs

are calculated based on the subject's performance, making each subject their

own control. Adjustments for age and sex are also made. The graph is smoothed

to aid visualization (i.e., it is not an exact representation of each response but a

"rounded" view of the test administration, using Gaussian smoothing).

55 / 70



Figure 24 : Participant’s RT in the 3 conditions

In each graph, the green area represents the strict normal range (<1 standard

deviation, SD) around the subject, while the beige area represents the

intermediate range, between 1 and <2 SD around the subject. Areas below or

beyond the beige zone fall into the pathological range of more than 2 SD. When

variability is high, these zones help the clinician determine whether the subject

deviates from the norm only occasionally or consistently.

Each star represents an error or an aberrant response. Aberrant responses

correspond to “attention lapses” or attention blackouts, constituting a TR greater

than 2 SD from the subject’s average. The number of aberrant responses, if any, is

reported to the left of the graph. Among all subjects, aberrant responses are rare;

a single aberrant response is considered normal. Two aberrant responses are

considered "borderline" and raise questions about the testing conditions. From 3

aberrant responses onward, the result is considered abnormal.
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4.6. Page 4 : General profile of Decisionmaking

This section provides a qualitative summary of the subject's performance to

better understand the functioning and integrity of the various cognitive

sub-components of decision-making. Presented in a table (figure 25), this part

also offers an interpretation of the results based on cognitive processes to

facilitate the clinician's analysis and interpretation. The attentional model of

Posner, which includes alerting, orienting, and executive attention functions, is

integrated into this presentation.

Figure 25 : General profile of decision making : summarize all the scores

However, this general profile cannot replace the interpretation and analysis of the
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clinician, who has knowledge of the subject's profile and medical history. Below

are the different functions measured, which appear in this table:

● Alerting Function: This measures the vigilance and reactivity of attention as

well as its intensity. Alerting can be assessed through the Simple Reaction

Time (TRS), as well as omissions errors on TRS, TR1C, and TR2C, and through

joint errors on TR2C.

● Orienting Function: This relates to attentional selectivity. It is measured by

the Executive Speed (ES) index and by choice errors.

● Executive Control: The integrity of executive control is evaluated through

the total number of errors and the dispersion of response times on TR1C and

TR2C.

● Flexibility: This is assessed through the number of choice errors and

overload errors.

● Inhibitory Control: This is evaluated notably by the number of inhibition

errors and by the score on the single-choice categorization test (TR1C).

● Impulsivity: This is primarily measured by the number of commission

errors.

● Reaction to Difficulty (RD): This is directly measured by its own index.

4.7. Page 5 : Errors analysis

The participant’s errors are detailed precisely in this table (figure 26). This section

provides a more precise and detailed analysis of the different types of errors

possible and present in the subject’s performance. It summarizes each type of

error, with the “margins” represented by a graduated scale, the number of errors

committed, a qualitative qualification, and a definition/description of the type of

error.
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Figure 26 : All Errors Table
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4.8. Page 6 à 12 : Reading Notes

Pages 6 to 12 constitute the reading notes. These pages, identical and

common to each MindPulse report, provide definitions of the main concepts

related to MindPulse. Additionally, you will find the calculation methods for the

indices, their definitions, reminders about MindPulse, types of errors, and the

qualifiers and metric systems used.

5. Norms

The establishment of norms for ages 13 to 80 was made possible through

collaboration between our teams and numerous clinicians throughout France.

Their names can be found on our website:

https://itsbrain.mindpulse.net/en/cliniciens-partenaires.

The methodology and establishment of these norms are detailed in the article

published in Applied Neuropsychology: Adult in February 2024. The link to the

article is available on our website:

https://itsbrain.mindpulse.net/en/article-adult-norm/.

Here is the abstract :

Introduction: We present adult normalized data for MindPulse (MP), a new tool

evaluating attentional and executive functioning (AEF) in decision-making.

Method: We recruited 722 neurotypical participants (18–80 years), with 149

retested. The MP test includes three tasks: Simple Reaction Time (SRT),

Go/No-go, and complex Go/No-go, involving perceptual components, motor

responses, and measurements of reaction time (RT) and correctness. We

compare responses, evaluating 14 cognitive indices (including new composite

indices to describe AEF: Executive Speed and Reaction to Difficulty).

Analysis: We adjust for age/sex effects, introduce a difficulty scale, and consider

standard deviations, aberrant times, and Spearman Correlation for
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speed-accuracy balance. Wilcoxon unpaired rank test is used to assess sex

effects, and linear regression is employed to assess the age linear dependency

model on the normalized database.

Results The study demonstrated age and sex effects on RTs, in all three subtests,

and the ability to correct it for individual results. The test showed excellent

validity (Cronbach Alpha for the three subtasks is 92, 87, 95%) and high internal

consistency (p < 0.001 for each subtask significantly faster than the more

complex subtask) of the MP across the wide age range. Results showed

correlation within the three RT parts of the test (p < .001 for each) and the

independence of SRT, RD, and ES indices. The Retest effect was lower than

intersubject variance, showing consistency over time.

Discussion: This study highlights the MP test’s strong validity on a homogeneous,

large adult sample. It emphasizes assessing AEF and Reaction to Difficulty

dynamically with high sensitivity.
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Clinical Cases

A collection of clinical cases is available on our website:

https://itsbrain.mindpulse.net/en/cas-clinique/ to help you become more familiar

with the use and, more importantly, the interpretation of MindPulse in your

practice.

You will find cases involving patients with long COVID, learning difficulties, Autism

Spectrum Disorder (ASD), ADHD, and mild traumatic brain injury (MTBI). This

section is regularly updated with new clinical cases encountered by our clinical

experts.
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Annexes

1. User Guide

These guides, specially designed to be printable, serve as a summary resource to

facilitate the use of the tool and ensure proper testing conditions.

2. Helpwith the report

To make it easier to read the results, qualitative descriptors are used in each

summary table and for each parameter assessed. These are intended to quickly

and clearly inform the clinician about the qualitative level of the subject’s

performance according to our norms. However, it is important to note that these

descriptors do not replace a clinical evaluation of the individual and are not

intended to substitute for the clinician’s interpretation.

Below is a table summarizing the possible qualitative terms according to the

variables studied/measured, providing a quick description/definition in more

detail.

Table 1 : Summary of Terms Used in the Report

Variables Qualification Definition

Speed&

Performances Scores

Very Fast / High
The subject exhibits a very fast reaction

time or a performance significantly

above the average for their age group.

Fast / High
The subject exhibits a fast reaction time

or a performance above the average for

their age group.
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Moyenne

Rapide / Elevée

The subject demonstrates a high

performance or reaction time in the

upper average range for their age

group.

Average
The subject exhibits a median reaction

time or average performance for their

age group.

Medium slow /

weak

The subject shows a reaction time or

performance in the lower average range

for their age group.

Slow /weak
The subject displays a slow reaction

time or performance below the average

for their age group.

Very Slow /
Weak

The subject presents a very slow

reaction time or performance

significantly below the average for their

age group.

Reaction to Difficulty

Very

Overspeed

The subject exhibits a (very) high level of

speeding in response to difficulty for

their age group. The speed of response

to increased difficulty is (very) rapid.

Medium

Overspeed

The subject shows an average level of

speeding in response to difficulty for

their age group. The speed of response

to increased difficulty is slightly elevated.
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Average
Adjustement

The subject demonstrates a normal

amount of extra time in response to

difficulty.

Medium

Deceleration

The subject shows moderate slowing in

response to difficulty for their age group.

They slow down slightly to adjust to the

difficulty of the task.

High

Deceleration

The subject exhibits (very) significant

slowing in response to difficulty for their

age group. They slow down considerably

to adjust to the difficulty of the task.

Variability

Very

Homogeneous

The subject displays very stable

performance over time, with minimal

variability in reaction times relative to

their age group.

Homogeneous
The subject shows stable performance

over time, with low variability in reaction

times relative to their age group.

Medium

homogeneous

The subject demonstrates slightly more

stable performance than average over

time, with low variability in reaction

times relative to their age group.

Medium
The subject's performance in terms of

stability over time is appropriate for their

age group.

Medium

Spread

The subject exhibits slightly less stable

(more dispersed) performance over

time, with somewhat excessive
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variability in reaction times relative to

their age group.

Spread

The subject shows unstable (dispersed)

performance over time, with too much

variability in reaction times relative to

their age group.

Very Spread

The subject demonstrates very unstable

(highly dispersed) performance over

time, with a lot of variability in reaction

times relative to their age group.

Errors

Normal
The subject produces a normal number

of errors relative to the average for their

age group.

MediumWeak
The subject produces a borderline

number of errors relative to the average

for their age group.

Weak
The subject produces too many errors

relative to the average for their age

group. Their accuracy is low.

VeryWeak

The subject produces a very high

number of errors relative to the average

for their age group. Their accuracy is

very low.
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