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Validation of a pictionary-based
communication tool for assessing
physiological needs and
motivational states: the PAIN set

Alice Mado Proverbio* and Francesca Pischedda

Department of Psychology, University of Milano-Bicocca, Milan, Italy

This Pictionary is suitable for communicating with individual unable to interact

(locked-in syndrome, LIS) through the development of Brain Computer Interface

(BCI) systems. It includes 60 validated, easy-to-understand illustrated plates

depicting adults in various situations a�ecting their physiological or psychological

state. The drawings are in color and represent persons of both sexes and various

ethnicities. Twenty participants were interviewed to appropriately design the

Pictionary. An additional group of 50 healthy adults (25 women and 25 men) aging

18–33 years was recruited to validate the pictogram corpus. Their schooling levels

ranged from middle school to master’s degrees. Participants were presented with

five runs of randomlymixed pictograms illustrating 12 di�erentmotivational states,

including primary and secondary needs, a�ective states, and somatosensory

sensations (with five variants for each category). They had to precisely identify

the motivational category illustrated (e.g., “Feeling pain” or “Being hungry”) while

also providing information about its clarity and unambiguity on a Likert scale.

Statistical analyses provided evidence of the strong communicative e�ectiveness

of the illustrations (rated on average 2.7, on a 0 to 3 scale), with an accuracy of

98.4%. The PAIN set could be a valuable communication tool for individuals with

LIS, as well as any clinical population lacking verbal communication skills. Its main

purpose is to generate electrophysiological markers of internal mental states to be

automatically classified by BCI systems.

KEYWORDS

communication, locked-in patients, mental imagery, brain computer interface, LIS

(locked-in state)

Introduction

One of the most significant issues in dealing with individuals with LIS, who have lost

the ability to communicate, is to understand their thoughts, in order to determine their

condition, treat them, and address their needs. During the last decade, neuroengineers

and neurophysiologists have made substantial progress in the development of sophisticated

BCI systems to support human/computer communication (Naci et al., 2012). A BCI

system is a device that can extract brain activity and process brain signals to enable

computerized devices to accomplish specific purposes such as communicating or controlling

prostheses (Wolpaw et al., 2002). The most commonly used BCI systems involve motor

or kinaesthetic imagery (Jin et al., 2012; Milanés-Hermosilla et al., 2021; Mattioli et al.,

2022), language (Panachakel and Ramakrishnan, 2021), face recognition (Kaufmann et al.,

2013), and P300 detection (Azinfar et al., 2013; Guy et al., 2018; Mussabayeva et al., 2021).
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Neuroscientific studies have made significant advances in the

detection of neurometabolic or electrophysiological markers of

visual (Bobrov et al., 2011; Marmolejo-Ramos et al., 2015) and

emotional imagery (Fan et al., 2018). For example, Proverbio

et al. (2023) identified distinct Event-Related Potential (ERP)

markers of visual and auditory imagery (relative to infants, human

faces, animals, music, speech, and affective vocalizations), for BCI

purposes, in absence of any sensory stimulation. Notwithstanding

these advances, not much is known about the brain signatures

of motivational imagery, such as needs or desires, because they

are more difficult to be tested and evoked. According to some

authors (Kavanagh et al., 2005), however, imagination can activate

measurable responses to visceral desires. Imagining affectively

charged memories induces measurable physiological changes such

as, increased sweating, skin conductance, heart rate, and respiratory

rate (Van Diest et al., 2001; Bywaters et al., 2004). Again, mental

imagery of appetitive stimuli (e.g., eating lemons or drinking milk)

was found to modify the salivation reflex and increase/decrease

salivary pH levels (Vanhaudenhuyse et al., 2007).

The aim of the study was to investigate and validate a picture

set whether it could evoke adequate P300 or N400 waves usable

on a BCI. This issue belongs to the field of augmentative and

alternative communication (AAC). Set of pictures or symbols can

be used to communicate to non-verbal individuals after appropriate

training. One of the most common aided AAC interventions to

enhance functional communication skills is the Picture Exchange

Communication System (Bondy and Frost, 1994), which is used

for example with children affected by autistic spectrum disorder

(ASD)(Pak et al., 2023). First, users learn to communicate with

one picture symbol by associating the picture with desired token

(e.g., some pretzels) and then learn to select between two or

more pictures. Subsequently, individuals learn to combine picture

symbols to make further requests. However, users have to overtly

display their specific needs (for example, by reaching out for

pretzels), which is not usable in individuals with LIS who are

paralyzed or unable to move (e.g., in vigilant coma). Other

AAC systems include speech-generating devices (SGD) (Wendt

et al., 2019), i.e. portable electronic devices displaying graphic

symbols or words, and producing synthesized speech output

for communicating with others. SGD is also frequently used

with ASD individuals (Van der Meer and Rispoli, 2010), but,

again, it requires a certain degree of interaction. Up to now,

available AAC systems can only be used by those who maintain

some type of mobility, for example through key presses or

ocular movements.

The purpose of this study was to provide a validated system

of pictograms for getting insights on the motivational states

and needs of individuals unable to communicate such as those

affected by LIS, a condition in which a BCI could prove

crucial in restoring the individual’s basic communication skills

(Wolpaw and Wolpaw, 2012). The present corpus is named

“Pictionary-based communication tool for Assessing Individual

Needs and motivational states” (the PAIN set). Pictograms

(drawings, paintings, symbols, and photographs) are pictorial

images used to enhance readability and comprehension of texts

and concepts, and can be used to transmit information in a clear,

expeditious, and simple manner. Cartoon illustrations are widely

used to facilitate communication with patients about medication

prescriptions and enable the communication between medical

providers and stroke patients (Sarfo et al., 2016), or patients

speaking foreign languages (Clawson et al., 2012).

Methods

Participants

Participants were 50 healthy adults (24 men and 26 women),

aged 18–33 years (mean age = 23.22, SD = 2.85), with a mean

schooling of 15.45 years. 48% of participants had a BA degree,

39% a high school diploma, 7% a middle school diploma and

6% a Master degree. Written informed consent was obtained

from each participant. They had normal vision and no history of

neurological/psychiatric disorders. The experiment was conducted

in accordance with international ethical standards and approved

by the Research Assessment Committee of the Department of

Psychology for minimal risk projects under the aegis of the Ethical

Committee of the University of Milano-Bicocca (protocol n: RM-

2020-242).

Stimuli

Hundreds of images were processed with Photoshop and Paint

graphic tools to generate novel colored cartoon-type drawings. The

stimuli were created using CC BY-NC-SA 3.0 images fragments

downloaded from Wikihow.com and appropriately modified for

our purposes, as permitted. All images were adapted and modified.

The images were 26 cm × 18 cm in size and represented an adult

person in a specific emotional andmotivational state. Sixty pictorial

tables were finalized, in which 60 different characters (half male

and half female) were depicted. Twelve different motivational,

emotional, and visceral states were displayed, with 5 variants

for each micro-category. For example, the “feeling hot” state

was illustrated in 5 different ways: as the desire to be sprayed

with ice water, to turn on the air conditioning, to put an icy

cloth on the forehead, to eat a popsicle, and to stand in front

of a fan. Furthermore, these subjective states were organized

into four macro-categories (detailed in Table 1) based on their

common properties.

Macro-categories were:

Primary needs (visceral sensations): reflecting the necessity of

maintaining the body’s homeostasis, based on sensations of

hunger, thirst, or sleep. These visceral sensations would enable

physiological regulation tomaintain adaptive set points required

for organismic integrity (Tucker and Luu, 2021) and would

be neurally based on the limbic system and Papetz circuits

identified by MacLean as regulating primary survival needs.

Somatosensory sensations: including cold, hot, and pain,

mediated by peripheral or internal nociceptors and processed

by the somatosensory system, signaling harmful thermal or

physiological conditions (Gracheva and Bagriantsev, 2021).

Affective states: of fear, sadness, and cheerfulness, represented at

both cortical and subcortical level (Phillips et al., 2003). Each

emotion would rely on partly dedicated neural circuitry. In

general, cheerfulness would be associated with an activation
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TABLE 1 List of 12 motivational states used in this study, organized in 4

macro-categories.

Motivational states

Primary needs

I am hungry—I need food

I am thirsty—I need to drink

I am sleepy—I need to sleep

Somatosensory sensations

I am cold—I need warmth

I am hot—I need cool

I am in pain—I need pain relief

A�ective states

I am sad—I need consolation

I am cheerful—I need to communicate

I am scared—I need reassurance

Secondary needs (desires)

I feel like listening to music—I need music

I feel like moving—I need to move

I feel like playing—I need to play

The pictograms comprised a part in which the characters’ environmental circumstances or

subjective states were depicted (e.g., I am cold) and a small cloud in which their corresponding

desires were illustrated (I need warmth).

of the ventromedial mesolimbic dopaminergic system, sadness

with an activation of habenular nuclei and cingulate cortex, and

fear of the amygdalaloid nuclei (e.g., Gu et al., 2019), among

other areas.

Secondary needs or desires: desire for listening to music,

moving (running, jumping, dancing), and playing video games

with friends. They can be assimilated to wishes and were

selected by taking into account some of the sought-after

recreational activities among adults. They are reward-related

hedonic experiences, but unlike other needs, sensations, and

emotions (Paulus, 2007), they can be, in part, inhibited

and voluntarily suppressed or postponed, which implies a

neocortical representation.

The vignettes clearly expressed needs such as “I’m hungry,” “I’m

thirsty,” “I’m sad,” etc., by means of contextual information and

in absence any linguistic information. A little cloud contained a

representation of the character’s wishes or desires. For the more

tangible sensations (“I’m hungry,” “I’m hot,” “I’m sleepy,” etc.)

unambiguous representations were inserted in the cloud, to make

them easily understandable (food, fresh air, a sleeping person, etc.).

To determine how to effectively depict emotional sensations

without relying solely on facial expressions, twenty healthy

university students aged 19–24 years (10 men and 10 women) were

preliminarily interviewed. Stimuli were equiluminant, as assessed

by a repeated-measures ANOVAs applied to stimulus luminance

values [F (11.44)= 0.41, p= 0.94]. Mean values were: 71.40 cd/m2

for Primary needs, 74.50 cd/m2 for Secondary needs, 70.25 cd/m2

for Somatosensory sensations, and 70.27 cd/m2 for Affective states.

Procedure

To validate the pictogram set, a Google Forms questionnaire

was administered to participants, featuring 60 randomly presented

illustrations subdivided into six distinct sections. Instructions

were: Please indicate to which extent you believe that the

illustration efficaciously depicts the person’s state. Participants

should indicate the motivational state that they deemed most

appropriate while also using a 3-point Likert scale (1 =

not much, 2 = fairly, 3 = very much) to establish the

strength of the association between a pictogram and the defined

motivational state. If participants selected the incorrect category,

a score of 0 was given (see Figure 1 for some examples

of pictograms).

Data analysis

The number of correct responses and Likert scores were

processed separately. Individual scores were calculated for each

illustration, participant, micro-category, and macro-category. Two

2-way repeated-measures ANOVAs were applied to the individual

Likert scores considering the following factors of variability:

the between-group factor “sex” (male, female) and the within-

group factor “category.” The first ANOVA was performed

considering the individual scores obtained for each of the

12 micro-categories, and the second ANOVA was performed

considering the mean values obtained for the four macro-

categories of motivational states. Statistica10 software (StatSoft.inc)

was used for statistical analyses; homoscedasticity was assessed.

Post-hoc comparisons between means were performed using

Tukey’s test.

Results

All stimulus categories were recognized very clearly, reporting

averages above “fairly” and close to “very much” ranging from a

minimum of 2.55 (SD = 0.57) for “I am afraid,” to a maximum

of 2.87 (SD = 0.41) for “I am cold” and “I am in pain.” The

mean scores obtained as a function of macro-categories were: 2.69

(SD = 0.43) for “Primary needs”; 2.70, SD = 0.40 for “Secondary

Needs”; 2.83 (SD = 0.30) for “Somatosensory sensations”; 2.61

(SD = 0.40) for “Affective states.” The percentage of incorrect

categorizations was 1.63%. The percentage of “1” responses

indicating not much association (but within the correct category)

was 3.73%. The percentage of “2” responses indicating a good

association with the correct category was 17.77%. The percentage of

“3” responses indicating an extremely good association was 76.8%.

The motivational categories showing the relatively lower number

of “3” responses were “I am thirsty” and “I am scared,” as can be

observed in Figure 2.

ANOVA on motivational micro-categories

The ANOVA did not show a significant effect of “Gender”

factor [F (1.48) = 3.63, p = 0.06], but a tendency for female
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FIGURE 1

Example of pictograms for the 12 physiological and motivational states (from the top: primary needs, somatosensory sensations, a�ective states, and

secondary needs).

participants to recognize affective or motivational states (especially

fear and sadness) more clearly than males. In contrast, the

“micro-category” was a significant factor [F (7.336) = 5.75,

p < 0.001, partial square Eta = 0.10]. Post-hoc comparisons

showed higher (p < 0.05) scores for “feeling pain,” “feeling

cold” and “feeling hungry” than “feeling fear,” and “thirsty” (see

Figure 3).

ANOVA on motivational macro-categories

The repeated-measures ANOVA applied to macro-categories

did not show a significant effect for the between-subjects factor

“Gender” [F (1.48) = 3.63, p = 0.06]. In contrast, the within-

subjects “Macro-categories” factor was significant [F (2.63, 126.5)

= 8.60, p< 0.001, Partial Square Eta=0.15]. Post-hoc comparisons
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FIGURE 2

Frequency distribution of responses attributed to the various categories of motivational states. Note that 1, 2, and 3 responses were all assigned to

the correct categories, but varied in the strength of the association (1 = not much, 2 = fairly, 3 = very much). The extremely rare 0 response

indicated the selection of an incorrect category. On the y-axis is displayed the number of observations.

showed relatively higher scores for “Somatosensory sensations”

than other macro-categories.

Discussion

The results of this study demonstrate the validity of this

Pictionary, which was tested here on a group of healthy adult

individuals. Behavioral data analysis showed an extremely high

rate of correct categorizations (98.4% accuracy) for the 12

motivational states considered. Perceived relatedness with the

chosen category was scored, on average, 2.7 on a 0-to-3 scale.

The best comprehended set of pictograms included somatosensory

sensations (such as “Being in pain” or “Being cold”), while slightly

lower scores were attributed to the affective state of “Being afraid”

and the primary need of “Being thirsty.” Overall, all stimulus

categories were recognized very clearly, reporting scores above

“fairly” comprehensible and close to “much” comprehensible for all

50 tested participants.

These data refer to a group of healthy people with intact

brains, but are extremely encouraging in indicating the realistic

possibility that PAIN set could be used for communicating with

adult individuals with LIS incapable of speaking, moving, or

understanding verbal commands (Mak et al., 2012). It could

be particularly useful for BCI systems based on P300 or N400

detection (McCane et al., 2015) or eye-tracker systems (Poletti

et al., 2017). A substantial number of patients who survive severe

brain injury enter a non-responsive state of wakeful unawareness,

Frontiers inCognition 05 frontiersin.org

https://doi.org/10.3389/fcogn.2023.1112877
https://www.frontiersin.org/journals/cognition
https://www.frontiersin.org


Proverbio and Pischedda 10.3389/fcogn.2023.1112877

FIGURE 3

Average comprehensibility rating from Likert scales as a function of need micro-category.

referred to as a vegetative state. They appear to be awake but

show no signs of awareness of themselves or their environment

according to clinical examinations. Recent neuroimaging research

has demonstrated that some vegetative state patients can respond

to commands by willfully modulating their brain activity according

to instructions (Owen et al., 2006; Monti et al., 2010; Sun and

Zhou, 2010). For example, Kujawa et al. (2021) assessed the

linguistic capabilities of a group of patients with unresponsive

wakefulness syndrome caused by sudden circulatory arrest. They

were asked to point to the picture they heard called (for example,

“thermometer”) and to choose the related pictogram among other

objects. Patients were able to perform approximately 70% of the

linguistics tasks administered.

The advantage of using pictograms over verbal language is that

pictograms do not require knowledge of a specialized language

(e.g., ASL), specialized equipment (e.g., a digital glove), or human

translator (e.g., virtual reality systems) (Wołk et al., 2017). They

can be used to communicate with adults using artificial airways

in intensive care (Manrique-Anaya et al., 2021) or patients with

non-standard linguistic competence (Pahisa-Solé and Herrera-

Joancomartí, 2019). This was shown in an interesting investigation,

where a set of six pictures of familiar objects was correctly classified

with an AI classificator based on the P300 response in a small group

of healthy subjects and three post-stroke people with an accuracy of

91.79% and 89.68% for healthy and disabled subjects, respectively

(Cortez et al., 2021). Higher levels of accuracy were obtained in

healthy controls by Proverbio and coworkers by automatically

classifying electrical signals relative to 12 perceptual categories by

means of statistical analyses (Proverbio et al., 2023), and supervised

machine-learning systems (Leoni et al., 2021, 2022) applied to ERPs

(Leoni et al., 2021) and EEG single-trials (Leoni et al., 2022). Apart

from this literature, we are not aware of BCI studies currently

using pictorial communication systems to investigate sensations,

volitional and affective states. This Pictionary might be usefully

tested on individuals with LIS to assess their ability to process

information, and to have a direct insight into their mental states.

It would be a great technological advance to understand their

otherwise unexpressed needs (e.g., for pain relief, comfort, etc.).

Very recently, Proverbio and Pischedda (2023) have successfully

used the PAIN set to record ERP signals during imagination of

the 12 microstates in healthy adults. They found that frontal

N400 component acted as a clear marker of subjects’ imagined

physiological needs and motivational states, especially for cold,

pain, and fear states, but also sadness and the urgency to move,

which could signal life-threatening conditions. The data suggests

that EEG/ERP markers might potentially allow the reconstruction

of mental representations related to various motivational states

through BCI systems. Automatic machine-learning classification

systems are now being applied to the PAIN-generated EEG data set.

A possible limitation of the PAIN set, as an AAC tool, is

that it might be too complex to understand for patients with

neurological disorders. Indeed, people who lose their speech

might not able to work with too complicated picture systems,

containing too many details, and/or needing a high level of skills in

abstraction, combination and association. However, the Pictionary

was primarily aimed at developing BCI systems for detecting

EEG signatures of inner motivational states, not requiring picture

processing, at a later stage of experimentation.

In conclusion, the present study provides the validation of

a totally unprecedented 60-table Pictionary for assessing 12 sub-

categories of physiological or psychological needs (primary visceral

needs, somatosensory homeostatic needs, affective states and

secondary needs). It allows the generation of category-specific

imagery for the development of EEG/ERP-based BCI systems for

communicating with individuals with LIS.

The PAIN set should also be validated, by further studies, as

an AAC tool in different populations. For example: on patients

suffering from consciousness or motor disorders such as children

with cerebral palsy (e.g., O’Neill and Wilkinson, 2020), individuals

with amyotrophic lateral sclerosis (ALS), multiple sclerosis,

muscular dystrophy, brain or spinal cord injury, and brainstem

stroke patients, to assess their ability to process information, and

to have a direct insight into their physiological and motivational

state. For this reason, we are making the PAIN set freely available

to scholars, colleagues and scientists interested in validating it on

clinical populations.
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