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Introduction: Eliciting the emotional and behavioral states of children with severe or profound intellectual disabilities (IDs) and profound intellectual and multiple disabilities (PIMD) due to their complex and atypical developmental trajectories has become increasingly elusive. It is evident that the environment, influenced by weather conditions and time of the day, plays a pivotal role in molding children’s behaviors, emotions, and interactions. This underscores the significance of the environment as a critical factor in exploring the communication dynamics of children with PIMD/IDs.

Methods: Over five months during fall and winter seasons, we conducted 105 video-recorded sessions with 20 children aged 8 to 16 with PIMD/IDs. These sessions aimed to capture the emotional and behavioral states interpreted by caregivers while simultaneously collecting indoor and outdoor weather indices, location, and time data. Using cross-classified multilevel and general linear models adjusted for individual characteristics and location variability with subsequent simple slope analyses, we examined the main and seasonal interaction effects of indoor and outdoor weather indices and time of the day on the emotional and behavioral states of children with PIMD/IDs.

Results: The models revealed that higher atmospheric pressure (atm), indicative of pleasant and favorable weather conditions, was associated with increased engagement (indoor: p < 0.01; outdoor: p < 0.01) and interest (outdoor: p < 0.01) behaviors. In contrast, engagement levels decreased before lunchtime (p < 0.01; p < 0.001), and inclement or unstable weather conditions characterized by low-pressure systems (p < 0.05) and stronger wind speed (p < 0.05) led to more refusal or disagreement. During winter, children displayed significantly more agreement with their caregivers (p < 0.001). Interestingly, they also engaged more on cloudy days (p < 0.05). Furthermore, simple slope analyses revealed that high atm conditions in fall were linked to more engagement (p < 0.05) while humid conditions predicted more assent behaviors (p < 0.001). However, cloudy weather predicted less attentional focusing (p < 0.05) and interest (p < 0.01) behaviors in winter.

Conclusion: This study confirms that fluctuations in weather indices, including seasonal changes and time of the day, can provide potential pathway indicators and supplement behavioral observations to elicit the behavioral states of children with PIMD/IDs. These findings highlight the importance of considering these factors when designing meaningful interactions and communication interventions for this population.
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1 Introduction

Children with congenital profound intellectual and multiple disabilities (PIMD) have severe or profound intellectual disabilities (IQ < 25), neuromotor dysfunctions, and comorbid chronic health, sensory, or functional impairments that severely restrict their ability to comprehend spoken or verbal language and engage in symbolic interaction with objects (1–6). Instead, they rely on subtle and refined upper and lower body movements, limbs, facial expressions, and vocalizations on a pre-or proto-symbolic level (3–5, 7–10). Consequently, eliciting their mental and emotional states due to their complex and atypical developmental trajectories and indistinct and idiosyncratic movement and behavior repertoire becomes increasingly elusive.

Understanding the communication dynamics of individuals with PIMD/IDs has greatly benefited from the introduction of Attuning Theory, as proposed by Griffiths and Smith in 2017 (11). This theory places the attuning process at its core. It describes a dynamic mechanism whereby individuals with PIMD/IDs and their caregivers continually adapt their cognitive and emotional states during communication. The theory’s framework encompasses seven interrelated categories: attuning, engagement, action, attention, stimulus, being, and setting. Within this framework, “attuning” represents the fundamental adjustment of one’s mental and emotional states in response to others, forming the cornerstone of communication dynamics. “Being,” or the emotional and mental state, impacts how each person behaves and serves as the stimulus that affects how they attend (attention), respond (action) to each other, and the nature of their interactions (engagement). Notably, “setting” emerges as a fundamental element within this framework. It refers to the complete context of a place (e.g., playground, park, or classroom) where all communication interactions transpire. It encompasses various elements like the indoor and outdoor weather conditions that fluctuate over a day during a specific season and time of the day, that significantly influences the “being,” “attention,” and “action” of individuals engaged in communication. To draw a connection, consider a scenario where a child and their caregiver are engaged in a communication interaction indoors, specifically in a classroom in the morning. The classroom’s environmental “setting” includes various elements like the availability of natural light, indoor and outdoor temperature, humidity, and atmospheric pressure. For instance, on a warm and sunny morning during fall with comfortable temperatures and moderate humidity indoors, children and their caregivers may experience a positive emotional state characterized by increased comfort and alertness. This favorable “being” state can enhance their communication, fostering positive interactions. Conversely, during inclement weather, such as a hot and humid afternoon during summer, the environmental conditions may create discomfort and irritability, which can lead to reduced and less effective communication. Incorporating weather-related indices and their fluctuations in the “setting” provides a nuanced understanding of how environmental factors, including time of the day, impact the emotional and behavioral states of individuals with PIMD/IDs and their caregivers during communication interactions.

Varying levels of physical activity and domains of children’s emotional and behavioral states related to variations in weather indices have been gaining attention for decades across settings and seasons. A repeated measures study found variations in the relationships between local weather conditions and daily accelerometer-measured physical activities (measured in counts per minute or cpm) (12). Multilevel regressions revealed that lower levels of mean cpm were associated with increased precipitation and wind speed, higher visibility (a measure of how far humans can see), and longer hours of daylight (day length) (12). In a relatively more recent study, although no distinct patterns were found in the association between season and behavior outcomes, longer day lengths were associated with lesser sedentary behavior, and age- and sex-adjusted warmer temperature and dryer weather increased moderate-to-vigorous physical activity in males (13). Moreover, in warmer seasons, such as summer and spring, higher temperature and humidity levels lead to discomfort, resulting in increased frustration, irritability, aggressive behavior, reduced prosocial behavior, and more active behavior (14–18). Conversely, during winter, elevated indoor temperature and humidity create a more comfortable environment, leading to increased alertness and reduced negative affect on others (14, 16). Increased sunshine has been associated with higher levels of prosocial behavior in children with negative affect (19). During winter, more sunshine increases enthusiasm and emotional strength and reduces frustration, sadness, and aggression (14, 15). Significant precipitation, like snow or hail, has been linked to lower levels of irritability and nervousness in children, indicating their coping mechanisms with erratic weather patterns through seeking comfort from others (14). On the other hand, higher wind speed during winter leads to decreased activity, determination, and increased fear and nervousness in children (14). Fluctuations in atmospheric pressure also influence children’s emotions, with lower pressure and higher temperature affecting activity levels, while the opposite trend predicts feelings of fear (14).

Investigating the effects of weather indices on behavior and emotional states is also pivotal in mitigating the severity of psychiatric and neurological symptoms in adults and predicting and preventing their onset and associated risks (20–27). Despite a robust body of research in the adult population, there is a notable dearth of studies examining these effects on children with neurological, motor, or physical disabilities and functional impairments. The study by VanBurskirk and Simpson, closely related to this investigation, explored whether atmospheric pressure, humidity, outdoor temperature, and moon illumination influence the behavior of three children with autism who exhibit significant challenges, including screaming, falling, head-butting, biting, kicking, hitting, and elopement (28). The limited empirical evidence to support a correlation between weather conditions or moon phases and behavior suggests that these factors may not strongly influence behavior. Nonetheless, the authors noted that methodological limitations could have affected the findings, indicating that the potential impact of weather variables on the aberrant behavior of children with severe disabilities cannot be conclusively dismissed (28). This highlights the continued interest in exploring the relationship between weather and behavior, emphasizing the need for hypothesis-driven research to justify including weather as a critical factor in assessing the emotional and behavioral states of children with PIMD/IDs.

We have developed a computer-assisted communication aid and assistive technology (AT) system that features a machine learning (ML) framework to classify and interpret the movements and behaviors of children with PIMD/IDs. Our approach leverages algorithms to understand and translate subtle physical cues into meaningful communication outputs (29). The system incorporates a comprehensive set of 53 environmental data features, including indoor and outdoor weather indices, proximity/location, and time of the day. Results from datasets recalibrated to include environmental data have shown remarkably high classification rates (over 60%). Feature selection with the Boruta algorithm indicates that approximately 70% of the environmental data features—such as time-stamp-derived data, day, GPS location data (latitude), and weather indices like UV, atmospheric pressure, temperature, humidity, and wind direction—are significant in accurately classifying movements into distinct behavioral outcome classes (29). It should be noted, however, that the Boruta algorithm’s feature selection is based on attribute weights, not index levels (high or low). Nevertheless, suppose we understand that high humidity levels, for instance, cause frustration, irritability, and aggressive behaviors in children with PIMD/IDs. In that case, the AT system can accurately detect specific emotions associated with high humidity conditions (29).

Therefore, this current study examines the main and seasonal interaction effects of indoor and outdoor weather indices, including time of the day, on the behaviors and emotions of children with PIMD/IDs. We draw upon the existing literature to formulate our hypotheses in this exploratory study. We propose that both main and seasonal interactions on the levels and fluctuations in indoor and outdoor weather indices, such as temperature, humidity, and atmospheric pressure, significantly influence the behaviors and emotional states of children. Furthermore, we posit that these effects will vary according to the time of day and may manifest seasonal patterns.



2 Methods


2.1 Participants

Twenty children (males n = 14; 70%) between the ages of 8 and 16 (M = 11 ± 06 years) (3rd grade to the 1st year of high school) and their direct support persons or caregivers were recruited from a special needs school. The children met the inclusion criteria: diagnosed with PIMD (n = 16, 80%) or severe to profound IDs (n = 4, 20%), some of whom had comorbid sensory impairments or chronic health conditions. The caregivers, well-acquainted and equipped with a comprehensive understanding of interpreting the children’s movements and behaviors, had supported the children for three years or more. Informed consent was obtained from the caregivers or parents, with detailed information provided about their right to withdraw from the study at any time. The study adhered to relevant international ethical guidelines and regulations, following established procedures for the study protocol, data collection, and management. This included coding and securely storing forms, data, and identifiable information on a password-protected network server database and computer to ensure confidentiality and privacy (30, 31). The study received approval from the institutional ethical board of the Faculty of Education, Ehime University, Japan (R2-18), and is part of a larger approved research project.



2.2 Data collection


2.2.1 Session and experimental setup

During five months, from September 2019 to February 2020, we conducted 105 observation sessions, each designed to closely examine the interactions between child-caregiver dyads in natural settings. Each session followed a systematic format to capture a comprehensive view of the child’s movements and behaviors. The duration and frequency of these sessions were flexible to accommodate the specific dyad’s availability and willingness to participate, resulting in a variable number of sessions per dyad, ranging from as few as one session to as many as 15 sessions throughout the study. On average, dyads participated in approximately five sessions each. The sessions typically included a pre-observation period where caregivers were briefed about the upcoming session and their role during the interactions. These sessions usually occurred at key times, including morning greetings, lunchtime, and breaks, between 9 am and 1 pm. The interactions occurred in various locations familiar to the children, such as playrooms, classrooms, and music rooms. To accurately capture the nuances of these interactions, each session was meticulously video recorded, yielding around 30 hours of footage. The average session length was about 18.5 minutes, but this could vary significantly, ranging from as brief as approximately 0.37 minutes to as lengthy as 54 minutes, depending on the nature of the interaction.

During the sessions, various factors can influence children’s emotions and behaviors, including the interaction context, caregiver-child relationship, and current situation or task. To mitigate the impact of these variables, we employed a child-driven data collection approach. This methodology prioritizes and emphasizes interactions initiated by children rather than those initiated by caregivers or adults. In this approach, we primarily focused on capturing and analyzing instances where children take the lead in initiating communication, activities, or interactions within a given context. This means the primary data collection effort was to capture moments when the child independently expresses their emotions, desires, or intentions. Caregiver-initiated interactions, while important, were deliberately excluded or minimized during the sessions to isolate and study the child’s independent behaviors and emotional expressions without the influence of external cues or prompts from caregivers. By emphasizing child-initiated interactions, we could establish reliable associations between the child’s emotional and behavioral states and distal factors such as weather indices, seasonal variations, and other external influences.

Data collection, video recording, transcription, coding, and categorization were based on Griffiths and Smith’s theoretical and methodological framework, anchored in symbolic interactionism (11). The trained investigator, a behavior expert, targeted the typical minute and refined and subtle upper and lower body and limb movements, facial expressions, eye movements, gestures, vocalizations, and communicative interaction repertoire of children with PIMD/IDs. The behaviors were selected based on predefined lists by Griffiths and Smith (11). These provided detailed descriptions encompassing various aspects, including structural nuances such as anti and pro, negative and positive orientations. They further delved into typology, covering a broad spectrum from expressions like screaming to harmony. Additionally, these lists elaborated on indicators, comprising actions such as looking at each other, moving toward one another, smiling, maintaining close physical contact, and engaging in meaningful gazes and expressions. Furthermore, they encompassed a range of codes, including concentration, interest, and support. These codes offered insights into the manifold manifestations of each attuning category. For instance, attention was manifested through visual tracking, mobile gaze changes, fixed gaze, head positioning, and other observable cues (11). The framework of expressive behaviors by Ashida and Ishikura (32) was also utilized, which categorized expressive behaviors into six primary categories related to eye movement, facial expression, vocalization, hand movement, body posture, and noncommunicative behaviors observed in children with PIMD/IDs.

Recording was contingent upon the caregiver’s immediate interpretation of the child-initiated interaction, documented within five seconds. For instance, if a child vocalized or moved, the caregiver would respond with an interpretation, such as a verbal acknowledgment or assisting action, which was then recorded in an app called ChildSIDE (9). Each recorded entry was labeled and initially categorized according to the interaction context (e.g., calling, response, emotions, interest, negative, selecting, physiological response, positive) to easily add to the data bank or develop new ones as required. To mitigate the confounding influence of the investigator’s presence, the investigator took on a non-engaging and non-interfering role during the sessions. It is important to note that the investigator did not interact with the children before or during the sessions in a way that would disrupt or prevent the children from interacting with their caregivers. Instead, their interaction was primarily with the caregivers to understand the meaning of the movements and behaviors exhibited by the children. This collaborative approach ensured the investigator could accurately interpret the child’s actions within five seconds after initiation. This method allowed for a deeper understanding of the child’s communication attempts and behavioral expressions while minimizing any potential disruption or interference in their interactions with their caregivers. Consistency and reliability were ensured by having a single investigator conduct all sessions, thus guaranteeing the collection of accurate data from the dyads while ensuring that the investigator focused on understanding the child’s expressions and maintaining a non-intrusive presence.

In addition to capturing movement and behavioral data, the ChildSIDE app seamlessly linked each data entry with corresponding environmental and locational details. The acronym “SIDE” in the app’s name stands for “Sampling Information and Data of children’s expressive behaviors and the Environment,” reflecting the app’s function of collecting comprehensive behavioral data alongside indoor and outdoor weather index values, location, time, and date stamps (as shown in Figure 1A) (9). The combined datasets were then transmitted and securely stored within a dedicated database. Indoor measurements such as UV-A intensity (mW/cm2), atmospheric pressure (hPa), temperature (°C), and relative humidity (RH%) were obtained in real-time using the IoT Smart Module Sensor Network Module Evaluation kit, which includes a compact multifunction Bluetooth sensor (ALPS Sensor). Outdoor weather data, like atmospheric pressure (hPa), temperature (°C), humidity (%), cloudiness (%), and wind speed (m/s), were sourced from the OpenWeatherMap API, a service that uses a reliable weather prediction model incorporating data from various sources, including global datasets (NOAA GFS 0.25 and 0.5 grid sizes, NOAA CFS, ECMWF ERA), METAR stations, weather radar data, and satellite data. Time of day and proximity location information were derived from beacons, Bluetooth low energy (BLE) devices that provide indoor positioning based on the Received Signal Strength Indicator (RSSI), ranging from –26 to –100 inches. Each of the 18 indoor locations where sessions occurred was identified by an iBeacon name.
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FIGURE 1
 Data collection framework and experimental setup.


Figure 1B shows our experimental setup in each session. The investigator utilized the app alongside a single videotape recorder (VTR) mounted on a tripod positioned at a standardized distance of two meters from the dyads. This arrangement facilitated retrospective indirect observation and inter-rater agreement analyses. To enhance data collection, one beacon and one ALPS device were strategically installed at various locations (such as shelves, blackboards, bulletin boards, or air conditioning units) approximately 2.18 meters from the app. This distance was estimated as the mean distance, with a mean error of 0.18 meters and a root mean square error (RMSE) of 0.41 meters, ensuring consistent and reliable measurements.



2.2.2 Measures and preprocessing


2.2.2.1 Movements, vocalizations, and behaviors

We collected 354 observations (average: 6, range: 1 to 34 per session) of movements, and behaviors, along with environmental data, from the app database. One behavior expert carefully reviewed the video recordings frame-by-frame at reduced speeds to ensure data validity. As illustrated in the CONSORT diagram (Figure 2), 72 data lacking behavior or associated environmental data or undetected by the app were excluded from further analysis. This resulted in 282 data points, which underwent a video-based retrospective interrater agreement analysis (κ). Prior to categorization, each data point was transcribed and encoded following Griffiths and Smith’s (2017) transcription and coding system, providing comprehensive and objective descriptions of the interaction context, child movements, vocalizations, behaviors, timing, and duration (based on video timestamps) (11). Verbal expressions were encoded verbatim, while non-verbal actions were sequentially described alongside the verbal ones. Vocalizations or sounds were orthographically approximated.

[image: Figure 2]

FIGURE 2
 CONSORT diagram of participant, session, and data flow from enrollment, allocation, to analysis.


Subsequently, two independent behavior expert raters re-analyzed the video recordings and discussed category definitions and coding procedures. Drawing again from the structure (anti and pro, negative and positive), typology (ranging from screaming to harmony), indicators (such as mutual gaze, physical proximity, smiles, expressions), and codes (such as concentration, interest, support) of the attuning theory, the raters categorized each data point into engagement, assent, positive, interest, refusal, disagreement, or disconnected/withdrawal categories (11). Additional categories, including attentional focusing and negative emotions, were introduced as needed. Inter-rater agreement for each category was assessed using κ coefficients (κ = 0 less than chance agreement, κ = 0.01–0.20 slight agreement, κ = 0.21–0.40 fair agreement, κ = 0.41–0.60 moderate agreement, κ = 0.61–0.80 substantial agreement, and κ = 0.81–0.99 almost perfect agreement) with a significance level of p < 0.01 (33). Preliminary results are presented in Table 1, demonstrating moderate disagreements between the raters in categorizing data points related to engagement, positive and negative emotions, interest, and disconnected/withdrawal. The raters revisited their assessments and continued discussions until they reached a consensus, achieving almost perfect agreement levels for all categories. The final frequency distribution of each category is also presented in Table 1 (final stage).



TABLE 1 Definitions, manifestations, inter-rater agreement results, and frequency distribution of the behavior and emotional states.
[image: Table1]

Table 1 also shows the behavior and emotional states and their definitions and manifestations. The engagement category in this context pertains to the active interaction between children and their caregivers. It involves the child’s efforts to capture the caregiver’s attention and initiate communication or interaction. These efforts encompass a variety of behaviors, both verbal and non-verbal. For instance, the child may use verbal engagement by making specific sounds or vocalizations, even if limited, to signal their desire for interaction. Additionally, physical movements and gestures play a significant role. The child might turn their body toward the caregiver, point at something, or wave to establish a connection. The attentional focusing or concentration category pertains to attunement and mutual understanding between the children and their caregivers. During this state, both parties share an understanding of the ongoing situation and mutually agree on what actions or decisions should be taken. The focus in this category primarily involves non-verbal actions and gestures used to express a decision or desire, often related to choices among various objects or options. Some observable behaviors associated with this state of attentional focusing or concentration include vocalizations, such as making sounds or vocal cues, and physical expressions like cheek puffing, eye movements, and eyebrow movements, which can indicate the child’s engagement and decision-making process. The assent category represents a state of attuned agreement within the dyad. In this dynamic, the child initiates an interaction by performing an action, asking a question, or making a demand. The caregiver then acknowledges the child’s communication by asking a clarifying question, to which the child responds affirmatively or with approval, indicating attunement and agreement. For instance, the child may turn their head upwards and mouth away from a cup, a gesture often accompanied by eye movement, possibly indicating a preference or refusal without verbalization. In another interaction, the child might vocalize while simultaneously shifting their gaze downward to the right and extending their left arm, suggesting a specific need or request is being communicated. Furthermore, it is essential to comprehend and discern the children’s emotional states within the context of the dyadic interactions. Two significant categories encapsulating these emotional states are positive and negative emotions. Positive emotions encompass an array of non-verbal expressions denoting happiness, delight, excitement, or enthusiasm. These emotions manifest through observable actions, such as turning toward sources of interest, genuine smiles, playful facial movements, and expressions of joy. Conversely, negative emotions are characterized by non-verbal movements and behaviors that convey feelings of anxiety, worry, anger, or pain. Children in this emotional state may exhibit signs such as avoiding eye contact, shaking their heads, displaying physical tension, or showing facial expressions of distress. Additionally, they may engage in sudden movements or seek physical contact for comfort.

Clear signs of attention and engagement with particular objects, actions, or activities define the interest category. Children in a state of interest typically express their engagement through vocalizations and eye movements, which are directed toward the object or activity that captures their attention. For instance, when a child demonstrates interest, they may vocalize their excitement or desire, accompanied by eye movements that indicate their attention. Additionally, they may adjust their body position or gaze to align with the object or action of interest. In contrast, signifying moments when there is an evident lack of agreement or compliance within the dyad, refusal, or disagreement interactions are characterized by verbal or non-verbal actions and vocalizations that express a refusal or disagreement with the actions, suggestions, or requests of the other person in the dyad. When a child displays refusal or disagreement, they may use a variety of communication cues to convey their dissent. These cues include closing their mouth, sticking out their tongue, turning their face away, or producing vocalizations like “no” to express their refusal. Physical actions such as attempting to brush away a caregiver’s hand or moving their body in a different direction may further communicate their disagreement. Lastly, disconnected or withdrawal is a category that describes the state in which there is a low or absent level of attuning between the partners in a dyad, resulting in minimal cooperation or a significant degree of separation. This disconnection or withdrawal can be influenced by various factors, including internal states (such as feeling sleepy, tired, or hungry) or external stimuli (such as feeling cold). For instance, in this category, observable behaviors and movements typically indicate a lack of engagement or interaction. These behaviors may include closing eyelids, looking upward without movement, keeping the eyes closed, making minimal mouth movements, or exhibiting stiffness in movement. These signs suggest that the child is disengaged or withdrawn from the ongoing interaction with their caregiver or partner in the dyad.



2.2.2.2 Environment measures

The special needs school from which the dyads were recruited is located near the border of Toon and Matsuyama cities, situated atop the alluvial fan of the Dogo Plain in the Ehime prefecture on the island of Shikoku, in the southwest of Japan. These cities have a humid subtropical climate (Cfa according to the Köppen-Geiger classification), characterized by mild to warm temperate summers and cool winters with occasional light snowfall. Annual temperatures typically range from a low of 2.8°C to a high of 25°C, averaging 13.9°C. In January, the average low is 5.3°C; in August, the average high reaches 27°C. Humidity levels usually vary from 72% in the spring to 84% in the summer. The average yearly precipitation is 112.6 millimeters (4.43 inches), with summer experiencing the highest rainfall, sometimes up to 10 inches. Monthly sunshine hours span from 7.2 to 13.7. The windiest months are from October to April, with average wind speeds often exceeding 7.0 miles per hour.

To include all movement and behavior data with a complete set of environmental data (complete cases) and to minimize errors in multilevel models, missing data points for single or multiple locations (beacon; n = 45), indoor UV data (n = 98), and outdoor atmospheric pressure, temperature, humidity, cloudiness, and wind speed (n = 14) were imputed. The missing values were replaced either with the nearest (proximity) values or with an estimated value calculated from the mean of the available or non-missing data points using the k-Nearest Neighbor (k-NN) imputation method (k = 14) (34).





2.3 Statistical analysis

The effects of indoor and outdoor weather indices on children’s emotional and behavioral states were analyzed, accounting for individual characteristics and location variability. A cross-classified non-hierarchical multilevel model was used, employing the R function glmer from the lmerTest package. This approach expands upon hierarchical multilevel modeling, typically used in studies where data have a nested structure (for example, measurement occasions nested within children, who are nested within teachers). Cross-classification allows for the analysis of lower-level units associated with combinations of higher-level units formed by crossing multiple classifications (16, 35). In this study, each observation session (the level 1 unit) was associated with a specific child (identified by an ID number), who may vary in age, gender, educational level, and condition, and observed in one of the 18 designated indoor locations. Consequently, the data are cross-classified, with intersecting sessions, locations, and child characteristics. The session is the level 1 unit, while factors such as age (in years), gender (male or female), condition (severe/profound IDs or PIMD), education level (elementary, junior high, or senior high school), and indoor locations (classrooms, music rooms, and playrooms) are included as level 2 measures (random effects).

In the analysis, the null model was a random intercept-only model, which accounted for the variability in children’s characteristics and location data. Fixed effects included hourly indoor weather indices (UV intensity, atmospheric pressure, temperature, and humidity) and outdoor weather indices (atmospheric pressure, temperature, humidity, cloudiness, and wind speed), as well as for seasons (fall and winter, with fall as the reference season) and time of day (hourly from 9 am to 1 pm, with 9 to 10 am as the reference period). To mitigate multicollinearity due to the high correlation between indoor and outdoor atmospheric pressure and temperature, separate models were fitted for indoor and outdoor predictors. Interaction terms between predictor variables and season were also included to explore the relationship between changes in weather indices across seasons and variations in the emotional and behavioral states of the children.

Before entering predictor variables into the models, continuous variables (indoor UV, indoor and outdoor atmospheric pressure, temperature, and humidity, and outdoor cloudiness and wind speed) and dummy-coded categorical variables (seasons and time intervals) were centered to mitigate multicollinearity and facilitate post hoc analyses of seasonal interaction effects (36). Model comparisons were conducted with a null or baseline model to estimate the degree of dependence of the variance in a Poisson distribution, representing the difference between the lower and upper limits in a 95.4% range that includes the expected values (intraclass correlation coefficient or ICC). If the difference between the upper and lower limits exceeded one at level 2 (children or location), multilevel linear models were applied; otherwise, general linear models were used for differences less than one. All predictor variables were subsequently included in the model, followed by the Variance Inflation Factor (VIF) estimation to address the impact of multicollinearity. Predictors with VIF values greater than five were excluded from the model. p-values of all predictor variables were adjusted for post hoc alpha-level correction using the false discovery rate (FDR) or the Benjamini-Hochberg method. When significant seasonal interactions were found (p < 0.05) (FDR 0.5), simple slope analyses were carried out to explore the nature of these interactions.




3 Results


3.1 Baseline indoor and outdoor weather data

Figure 3 presents the hourly real-time mean values of indoor and outdoor weather indices and movement and behavior data collected throughout the study, covering both fall (September 24 to December 17, 2019) and winter (January 14 to February 25, 2020) seasons. The average indoor UV-A index values (0.07 mW/cm2) remained consistent throughout both seasons, ranging from 0 to 20.48 mW/cm2. However, a notable outlier occurred on November 12 at 11:22 am, when the UV-A index abruptly increased, reaching a maximum value of 0.64 mW/cm2. Although this peak value stood out, it was retained in the analysis since it did not appear to be an erroneous measurement. Concurrently, there were also sudden fluctuations in indoor temperature (19 to 23.9°C) and humidity (58.5 to 47%), as well as outdoor temperature (18°C to 20.8°C), humidity (63 to 56%), cloudiness (20 to 75%), and wind speed (1 to 8.20 m/sec). While there was no definitive explanation for these fluctuations, they were considered valid data points.
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FIGURE 3
 Hourly mean indoor and outdoor weather indices across the study period. *p < 0.05, **p < 0.01, and ***p < 0.001.


Atmospheric pressure, measured in hectopascals (hPa), indicates weather patterns, where high-pressure systems are typically linked with clearer skies and stable weather, and low-pressure systems often bring cloudiness, wind, and precipitation. In our study, there was a strong correlation between indoor and outdoor atmospheric pressure (r = 0.96, p < 0.001). The slight average pressure differences between indoor (higher by approximately ten hPa) and outdoor environments and across seasons (with a three hPa difference between fall and winter) suggest that external air could readily enter through windows, influencing indoor ventilation, air quality, and potentially affecting weather sensitivity symptoms (37). Indoor temperature levels maintained a higher average (19 to 22°C) compared to the outdoors (9.8 to 16°C) during both seasons, with a notable correlation between indoor and outdoor temperatures (r = 0.79, p < 0.001). The relative humidity (RH%), which measures water vapor in the air against the temperature, showed an inverse relationship with outdoor humidity levels (60 to 69%), generally surpassing indoor levels (50 to 62%). Higher humidity was noted in fall (average: 62 to 68%) compared to winter (average: 50 to 60%). Cloudiness, the proportion of the sky obscured by clouds, did not show significant variations between fall and winter, averaging 42 to 51%. Wind speed, the velocity of air movement, also remained consistent across both seasons, with average speeds ranging from 1.82 to 2.03 m/sec.



3.2 Main and seasonal interaction effects

Tables 2 and 3 detail two-level models that examine the main effects and seasonal interactions of indoor and outdoor weather indices on children’s behavioral and emotional states. Variance analysis, considering the children’s age, gender, education level, and conditions, indicates that these factors do not significantly affect the behavioral and emotional states under investigation. For categories such as attentional focusing, positive emotions, interest, and disconnected states, the variance between location units is greater than one, suggesting the suitability of two-level models to estimate coefficients and standard errors accurately. In contrast, general linear models are deemed appropriate for analysis of engagement, assent, negative emotions, and refusal, where the differences are less than one.



TABLE 2 Multilevel liner model coefficients and standard errors of the main and seasonal interaction effects analysis of indoor weather indices and time of the day on the behavior and emotional states.
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TABLE 3 Multilevel liner model coefficients and standard errors of the main and seasonal interaction effects analysis of outdoor weather indices and time of the day on the behavior and emotional states.
[image: Table3]


3.2.1 Indoor weather indices

After excluding predictor variables with VIF values exceeding five and performing alpha-level correction using the FDR, it is observed that indoor weather indices did not show significant main or seasonal interaction effects on the behavior and emotional states. The notable exception was the impact of atmospheric pressure on engagement behaviors, as presented in Table 2. A higher indoor atmospheric pressure positively influenced engagement, implying that children interacted more with their caregivers when the indoor pressure was elevated. Specifically, a 10% increase in indoor pressure correlated with a 0.64-point increase in engagement behaviors (p < 0.01). Additionally, a significant decrease in engagement was observed during the 11-12 pm time interval (-2.03, p < 0.01), suggesting that children were less engaged during this hour compared to the baseline reference time of 9–10 am.



3.2.2 Outdoor weather indices

As reported in Table 3, outdoor indices show trends similar to those observed with indoor indices, particularly regarding atmospheric pressure. Higher levels of outdoor atmospheric pressure were positively correlated with increased initiation and engagement behaviors among children and their caregivers (0.64, p < 0.01). Similar evidence suggests that cloudiness predicts higher levels of engagement, with a greater percentage of cloudiness or cloud cover being associated with increased engagement by 0.42 points p < 0.05). On the other hand, the time variable exhibited negative effects on engagement behaviors. Specifically, compared to the reference time interval of 9 am to 10 am, children demonstrated lower levels of engagement with their caregivers from 11 am to 12 pm (-2.60, p < 0.001). A statistically significant and robust effect of season on assent behaviors was also observed, with children showing higher levels of assent during winter (2.31, p < 0.001). Furthermore, outdoor atmospheric pressure was predictive of interest and refusal behaviors. Increasing outdoor atmospheric pressure was associated with a significant increase in interest behaviors (0.75, p < 0.01), while also corresponding to a decrease in refusal or disagreement behaviors (−1.74, p < 0.05). Wind speed also significantly impacted refusal behaviors; a 10% increase in wind speed led to a 1.44-point increase in negative responses or refusal behaviors towards caregivers (p < 0.05).




3.3 Simple slope results on seasonal interaction effects

Upon detecting significant seasonal interactions (p < 0.05), as indicated in Table 3, simple slope analyses were performed to explore the nature of these interactions. Figure 4 illustrates the results of these analyses, depicting the effects of outdoor weather indices on behavioral and emotional outcomes during fall and winter. Specifically, an increase in outdoor atmospheric pressure during fall was associated with a marked increase in engagement, with children initiating more interactions with their caregivers (0.64, SE: 0.24, p < 0.01), as shown in Figure 4A. Humidity had a significant influence on assent behaviors, with a robust interaction effect of 2.77 (SE: 0.68, p < 0.001) during winter, indicating that children were more likely to show agreement with their caregivers in more humid conditions during the cold season, as illustrated in Figure 4B. Conversely, cloudiness was shown to have a negative impact on attentional focusing (-1.55, SE: 0.61, p < 0.05) and interest (−1.13, SE: 0.48, p < 0.05), as shown in Figures 4C and 4D, respectively. This suggests that increased cloudiness in winter may lead to decreased attentiveness and interest among the children.

[image: Figure 4]

FIGURE 4
 Simple slope analyses results on the seasonal interaction effect of outdoor weather indices on the behavior and emotional state outcomes.





4 Discussion

In our study, we sought to explore the role of environmental factors, specifically indoor and outdoor weather indices, as potential pathway indicators to the occurrence or changes in emotional and behavioral states of children with PIMD/IDs. We employed multilevel and general linear model analyses to adjust for individual characteristics and variations in location. Our findings suggest that the occurrence or variations in the behaviors and emotions were strongly associated with levels and fluctuations in outdoor weather indices. Notably, the children’s responses, reflected in behaviors such as engagement, attentional focusing, assent, interest, and refusal, were markedly responsive to variations in specific weather indices such as atmospheric pressure, cloudiness, wind speed, and humidity. Moreover, our analysis revealed that seasonal changes in these weather indices and the time of day played a significant role in molding the behavioral responses of children with PIMD/IDs.

Among the indoor and outdoor weather variables, atmospheric pressure emerges as a significant indicator of children’s behavioral responses. Children demonstrated heightened attentiveness and interest in periods characterized by high atmospheric pressure, which often coincide with pleasant and sunny weather conditions. Likely, the observed behavioral changes were not directly caused by pressure but rather by the overall environmental conditions accompanying it. It is plausible that when these children experienced pleasant and sunny weather conditions, it caused them to have a more relaxed and comfortable state, though challenging to express verbally, it might have been reflected in more positive behaviors such as heightened interest and improved attentional focus. Moreover, during sunny weather, children may also have more opportunities for interesting activities, making them more attentive to their interactions and surroundings. This heightened engagement with the environment and increased social interaction during favorable weather could account for the observed behavioral improvements. The results also revealed that seasonal variations play a role, particularly during fall when high atmospheric pressure levels were associated with increased engagement behaviors. For instance, the sunny and cooler days of fall might create a more comfortable and inviting environment for engaging activities and interactions with caregivers. Consequently, children might be more inclined to engage with their surroundings and exhibit more positive behaviors during this season. Additionally, it is possible that caregivers’ responses to pleasant weather conditions also influence these behavioral occurrences. Caregivers might be more inclined to organize indoor and outdoor activities during such weather, providing more opportunities for interaction and engagement.

Adverse weather conditions characterized by low-pressure index levels and strong winds significantly contributed to increased refusal or disagreement behaviors among the children. Such weather often brings about less pleasant conditions, like colder temperatures or precipitation, which can confine activities indoors, potentially leading to frustration or restlessness among the children. Due to their limited verbal communication abilities, children with PIMD/IDs might express sensory discomfort or displeasure through non-verbal behaviors, such as refusal or disagreement, to communicate distress. Furthermore, these behaviors were also observed during periods with moderate to strong winds, which brought colder weather within the study period and created less favorable conditions. Wind can cause unusual or uncomfortable sensations on the skin and discomfort in the ears or sinuses, which may be particularly distressing for children with sensory sensitivities. This physical discomfort could lead to increased refusal or disagreement behaviors as children try to express their discomfort or pain, resulting in less interaction with their caregivers. Prior studies have similarly linked rising wind speeds to decreased physical activity, passivity, lack of determination, fear and nervousness during colder and less favorable weather conditions among children, and depressive symptoms and panic episodes among adults (14, 38–45).

The impact of high cloud cover on engagement behaviors among children revealed some intriguing and initially counterintuitive findings. Surprisingly, children demonstrated increased engagement as cloud cover levels rose. This finding appears contradictory, considering that high cloud cover typically signifies a low-pressure system, and adverse weather conditions are often seen as less favorable for activities and interactions. Despite this, the analysis also showed increased atmospheric pressure, typically related to fairer weather conditions. This suggests there might have been fluctuations in weather conditions, with intermittent cloud cover and periods of sunshine. The intermittent sunlight penetrating through the clouds could have potentially had a stimulating effect on the children’s mood and energy levels, thus encouraging more engagement. It is essential to consider that sunlight contributes to the total hours of sunshine, and previous research has indicated that increased sunshine hours are linked with elevated enthusiasm and vigor in children (14). However, although indoor UV radiation did not emerge as a significant predictor of behavioral outcomes, we speculate that the shorter sunshine hours in winter and reduced exposure to natural light sources on cloudy days decrease the attentional focusing and interest behaviors among the children with PIMD/IDs. The additional impact of extended cloud cover during winter, which leads to a colder environment, likely exacerbates this effect, resulting in decreased task-oriented behavior (16). Previous investigations have found that when visibility and daylight hours were improved, children exhibited higher physical activity levels and reduced sedentary behavior, particularly during the late afternoon and early evening or longer day lengths (12, 13, 46, 47). Regarding social behaviors, children prone to higher levels of negative affect displayed increased prosocial behaviors in the presence of greater sunshine (19). Moreover, compared to students in non-daylit classrooms, children exposed to daylight exhibited enhanced social behaviors and cognitive skills, indicating higher overall development (48). These findings underscore the importance of natural light exposure, especially during the winter months, in positively influencing the behavior and well-being of children with PIMD/IDs.

Another interesting finding highlighting the importance of considering the time of day in studying the behavioral states among children with PIMD/IDs is the apparent decrease in engagement behaviors, showing significantly less arousal and less inclined to engage with their caregivers from 11 am to 12 pm. This could be attributed to various factors, such as hydration levels or eating patterns, as suggested by previous research. During this hour, children may already be motivated to eat or drink, and they may also have opportunities for physical activity or play, diverting their attention away from engaging with caregivers. Furthermore, it is worth noting the significance of recess or breaks in promoting attentiveness and productivity in the classroom and social-emotional learning and growth among children. Unstructured breaks or recess periods, particularly those observed in the special needs school where the children with PIMD/IDs were recruited, provide valuable opportunities for social interactions and the practice of movement and motor skills. These interruptions during unstructured time help children reduce stress and distractions, ultimately enhancing their cognitive abilities (49). While this concept requires further validation, specifically among children with PIMD/IDs, it is worth considering that caregivers or teachers could incorporate structured physical activities or games before lunchtime to stimulate the children’s engagement and foster a more productive and interactive environment.

Existing studies previously identified outdoor humidity as a reliable predictor of children’s emotional states during winter. Ciucci and colleagues found that higher outdoor humidity on winter days was associated with increased frustration, sadness, and aggression when children’s ongoing tasks were interrupted or their goals were blocked (15, 16). Similarly, Lagacé-Séguin and Coplan observed that fluctuations in humidity levels significantly predicted negative emotions, including irritability and hostility, among children during winter (14). Contrary to these assumptions, our findings did not support the impact of outdoor humidity on children’s emotional states. Instead, we found a robust positive effect of increasing outdoor humidity during winter on the assent behaviors of children with PIMD/IDs. This suggests that, in the context of our study, a comfortably humid environment during winter may have a soothing or comforting effect on these children, potentially mitigating any negative emotional responses they might experience in other circumstances. This finding may appear counterintuitive since one might expect indoor humidity to influence the assent behavior outcomes, given that data were collected indoors. However, our analysis revealed no correlation between indoor and outdoor humidity indices in contrast to previously observed correlation even at cooler temperatures (50). Therefore, we cannot directly infer how outdoor humidity directly affected the children in our study. The absence of a direct correlation between indoor and outdoor humidity indices in our analysis highlights the complexity of indoor environmental conditions. Even though data were collected indoors, indoor humidity levels may not have been directly influenced by outdoor conditions. Indoor environments are subject to various factors, including heating, ventilation, and air conditioning systems, which can affect humidity independently of outdoor conditions. Thus, this finding can be interpreted in light of the lower threshold of outdoor humidity (43%), which falls within the range of acceptable or comfortably humid environments (30 to 60% relative humidity). It is possible that within this range, variations in outdoor humidity had a positive impact on the children’s behavior, promoting a sense of well-being and agreement or assent behaviors.

Several studies have delved into understanding the behaviors and communication attempts of children with PIMD, particularly emphasizing the interplay between physiological indicators of autonomic activity, physical movement, and behavioral indicators (51–53). For instance, in a recent study, researchers harnessed physiologic features that proved effective in classifying communication attempts (protest, demand, or comment) and behavioral states (pleasure, displeasure, or neutral) in individuals with PIMD, achieving accuracy rates exceeding 48% through ML algorithms (54). Moreover, although this has been proven futile, there have been endeavors to explore methods enabling individuals with PIMD to control physiological signals for interaction independent of motor movements (10). While we did not collect specific physiological data to support our findings, some physiological investigations may provide explanations and offer a more holistic understanding of the observed behaviors, potentially uncovering a comprehensive picture of the factors influencing the behavior outcomes among children with PIMD/IDs. Elevated atmospheric pressure has been linked to mood regulation through its influence on the metabolism of serotonin, a neurotransmitter associated with feelings of well-being and happiness (20, 55). This suggests that elevated or changes in atmospheric pressure may directly impact the brain’s serotonin levels, affecting an individual’s mood and emotional state. In the context of our study, it is possible that children exhibited more attentive and interested behaviors, indicating greater engagement with their caregivers, during pleasant and favorable weather conditions when atmospheric pressure is stable or elevated. The stabilizing or elevating effect on serotonin levels during such weather conditions could contribute to the observed positive changes in behavior, making the children more receptive and engaged during these times. We also consider that the relationship between high engagement behaviors during fall may be explained by the fluctuating levels of [3H]Paroxetine binding in platelets, which plays a role in mood regulation. A study found significantly lower [3H]Paroxetine binding in platelets during fall compared to winter, with a significant portion of the variance attributed to weather variables such as atmospheric pressure (56). This finding may provide evidence for the influence of atmospheric pressure on the increased engagement of children with PIMD/IDs during fall compared to winter. While it is unclear how the binding mechanism itself affects behaviors, previous research has suggested that individuals with depression exhibit lower levels of [3H]Paroxetine binding (57). Thus, it is plausible to assume that children with PIMD/IDs may have higher [3H]Paroxetine binding to platelets, which could contribute to their increased engagement. Although this study does not provide a direct explanation for this relationship, it sheds light on the potential relevance of considering [3H]Paroxetine binding, atmospheric pressure levels, and seasonal variations for future investigations to understand the behaviors of children with PIMD/IDs.

Undesirable weather conditions, marked by low-pressure levels and strong winds, notably led to more instances of children displaying refusal or disagreement behaviors. Low or fluctuating atmospheric pressure systems have demonstrated links to altered activity levels in children and an increased risk of migraine attacks, epileptic seizures, depressive symptoms, and cardiovascular complications in adults (12, 14, 25, 26, 58). A study has shown that the transient lowering of barometric pressure associated with the approach of low-pressure systems, like typhoons, can induce craniofacial sensations such as ear pressure, head compression, and sometimes mild headaches due to an imbalance in pressure between the external and middle ear, causing deformation and tension of the tympanon (59). This observation aligns with the concept that atmospheric pressure fluctuations triggering migraines can result from the dilation of cerebral blood vessels. This dilation leads to serotonin release from platelets, which, in turn, causes vasoconstriction and initiates an aura. Subsequently, a rapid decrease in serotonin levels results in the rapid dilation of cerebral blood vessels, ultimately triggering a migraine (25). While the exact mechanisms underlying these sensations in children with PIMD/IDs remain unclear, we propose a potential connection. We suggest that atmospheric pressure changes, particularly approaching or within low-pressure systems, may elicit sensations of ear pressure, head compression, and occasional mild headaches. These sensations could lead to discomfort, potentially impacting their overall well-being and mood (60). In children with PIMD/IDs, these sensory experiences may be expressed as refusal or disagreement behaviors. Nevertheless, the precise mechanisms of this connection, particularly in the context of children with PIMD/IDs, still need to be understood and necessitate further investigation.

During the winter months, increased cloud cover and the resultant reduction in daylight and natural light exposure have been observed to affect the attentional focus, concentration, and interest levels in children with PIMD/IDs. The connections between light exposure and mood or behavior are thought to be mediated through various biological mechanisms, including the modulation of circadian rhythms, activation of emotional brain regions, and melatonin production (22, 61, 62). For children with PIMD/IDs, who often have unique sensitivities and responses to environmental stimuli, alterations in their daily light exposure might have disrupted their circadian rhythms. Such disruptions can lead to changes in their mood and behavior, potentially causing fluctuations in their engagement, interest, and overall emotional states during winter. Although the precise mechanisms driving these effects are complex and warrant additional research, they highlight the significance of factoring in environmental elements, such as light exposure, particularly in the winter months with heightened cloud cover, when developing interventions and assistance for children with PIMD/IDs.

Moreover, the robust positive effect observed in our study, indicating that increasing outdoor humidity during winter positively influenced the assent behaviors of children with PIMD/IDs, suggests that these children exhibited more attuned agreement when exposed to a fair or comfortably humid environment, particularly during the cold seasons. This response could be attributed to the physiological effects of increased outdoor humidity, which include stimulating heightened blood flow to the skin’s surface. This increased blood flow facilitates heat dissipation through the evaporation of sweat, leading to elevated heart rates, respiratory ventilation rates, and mean skin and eardrum temperatures (63, 64). These physiological changes, brought about by higher humidity levels, may have contributed to an overall sense of comfort and well-being for children with PIMD/IDs. Consequently, these effects may explain their increased attunement during the winter, even indoors.

In contrast to the hypothesis regarding the potential random effects of children’s characteristics on behavior and emotional states, our findings revealed that the weather-related effects on the children’s behaviors and emotional states are not significantly mediated by individual characteristics such as age, gender, education level, and conditions. Despite the fact that children with PIMD/IDs possess unique and individualized movement and behavioral repertoires, the variability in their characteristics did not strongly influence their behavior outcomes. It is possible that fluctuations in weather indices, seasonal changes, and time of the day played a more prominent role in shaping their behaviors, resulting in comparable outcomes across individuals. Furthermore, the random effect of proximity sensing or location was also found to be insignificant in our study. This could be attributed to all participants being recruited from the same school, and the data collection sessions were confined to classroom settings. Therefore, the physical proximity or specific location within the school did not significantly impact the observed behavior patterns.

In order to ensure a comprehensive interpretation and generalization of the potential main and seasonal interaction effects of weather index fluctuations and time of the day as predictors of behavioral and emotional variations in children with PIMD/IDs, it is crucial to acknowledge several methodological limitations. One limitation lies in the data collection sessions’ relatively short duration and limited seasonal coverage. Although including 105 sessions can be considered a strength of this study, the sessions were relatively brief, with an average length of 18.5 minutes. Additionally, data were only collected during two seasons, which may not fully capture weather indices’ main and seasonal interaction effects on the observed outcomes. It is also essential to acknowledge the limitation arising from the relatively low number of data points on positive and emotional states, which led to insignificant findings. However, we also recognize that the slight temperature changes during the fall and winter seasons might not have significantly impacted the children’s emotions, in contrast to situations involving high temperatures, like in summer. Most importantly, although we focused on collecting data from interactions initiated by the children, it is important to acknowledge the potential influence of proximal variables such as the interaction context, the overall caregiver relationship, or the specific situation or task. These variables may have introduced confounding factors that falsely attribute effects to distal variables such as indoor and outdoor weather indices, even when there may not be any direct relationship between them. By acknowledging these methodological limitations, we can better contextualize and interpret the results, allowing for a more nuanced understanding of weather indices’ main and seasonal interaction effects on the behaviors and emotional states of children with PIMD/IDs.

We also consider our approach to interpreting behavioral observations in a physiological context as a limitation. Once more, we stress that although we did not collect physiological data, the integration of physiological explanations can provide a more comprehensive understanding of the behaviors observed. This approach may unveil a fuller picture of the factors influencing the outcomes among children with PIMD/IDs. It is important to highlight that presenting potential physiological explanations not only serves as a means to inspire hypotheses but also as a catalyst for more in-depth investigations into the potential mechanisms and pathways by which environmental factors like weather indices and seasonal variations may impact the functioning of the autonomic nervous system and, consequently, influence the behaviors of children with PIMD/IDs. As we move forward, we actively explore integrating physiological data into our innovative computer-based communication-aid assistive technology (AT) system, rooted in an ML framework. This expanded system, in addition to tracking observed movements, has the potential to incorporate physiological data, thus enhancing our comprehension of the intricate interplay between physiological factors and behavior in children with PIMD/IDs.

Overall, this study provides compelling evidence that fluctuations in weather indices, including seasonal changes and time of the day, can provide potential pathway indicators and supplement behavioral observations to elicit the behavioral states of children with PIMD/IDs. The results indicate that outdoor weather variables and seasonal variations in atmospheric pressure, cloudiness, wind speed, and humidity are robust predictors of behaviors, surpassing the impact of indoor indices. These outdoor weather indices and seasonal changes are likely linked to variations in physiological signals and functions, influencing the occurrence and changes in behaviors among these children. The implications of these findings are significant for caregivers, teachers, and parents who interact with children with PIMD/IDs. Awareness and sensitivity to the levels and fluctuations in weather indices and seasons are crucial in understanding and catering to the needs and preferences of these children. For instance, it is advisable to encourage outdoor activities during fair or pleasant weather to promote social interaction and communication skills. During cloudy and windy winter days, in addition to providing a warm and humid indoor environment, caregivers should engage children in stimulating indoor activities that foster attentiveness, concentration, and sustained motivation, particularly during recess or breaks, to mitigate the likelihood of refusal or disagreement behaviors. Caregivers can adapt their routines on hot and humid afternoons to keep children cool and comfortable. This might involve ensuring air conditioning, using fans, or providing cool sensory experiences to prevent irritability and discomfort. On warm and sunny mornings during the fall, activities can be planned to take advantage of the positive emotional state of the children, perhaps with outdoor time or engaging sensory experiences. Recognizing the impact of weather conditions on sensory experiences, educators can design sensory-friendly environments. For example, when some children might become more nervous during rainy or stormy weather, educators can create calming spaces with soft lighting, soothing sounds, and comforting textures to ease anxiety. In contrast, they can provide stimulating sensory activities on sunny days to harness the enthusiasm and emotional strength associated with such conditions. In response to the effects of weather on behaviors, age-appropriate recreational and extracurricular activities can be thoughtfully planned. For instance, during colder seasons, educators can schedule indoor activities that keep children engaged and active, combating the reduced negative affect and increasing alertness associated with such weather. On rainy days, children can enjoy creative indoor art projects to channel their energy positively. Educators can adjust classroom arrangements and schedules to create a supportive and conducive learning atmosphere. During seasons with weather-related discomfort, such as hot summers, educators can ensure that classrooms remain cool and well-ventilated. Conversely, during winter, when increased sunshine is associated with positive emotional states, classrooms can maximize natural light to enhance alertness and reduce negative affect. These examples illustrate how tailored strategies, influenced by weather-related insights, can enhance the lives of children with PIMD/IDs by providing them with more comfortable, positive, and enriching daily experiences.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

This study involving humans was approved by the ethics board of the Faculty of Education, Ehime University. The study was conducted in accordance with international ethical guidelines and regulations. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

VH: validation, formal analysis, writing-original draft and review and editing, and visualization. TK: conceptualization, methodology, funding acquisition, project administration, supervision, writing-review and editing, and resources. AT: validation, formal analysis, data curation, and writing-review and editing. YF: methodology, validation, formal analysis, investigation, data curation, and writing-review and editing. SS, EO, and TS: conceptualization, software, resources, project administration, and writing-review and editing.



Funding

This study was supported by the Ministry of Internal Affairs and Communications’ Strategic Information and Communications R&D Promotion Programme (SCOPE) (MIC contract number: 181609003; research contract number 7; 2019507002 and 2020507001) the Japan Society for the Promotion of Science Grants-in-Aid for Scientific Research (B) (19H04228) and the KAKENHI Program’s Grant-in-Aid for Challenging Research (Pioneering) (23K17292) which had no role in the design, data collection and analysis, and writing of this manuscript.



Acknowledgments

The authors would like to thank all the children and their caregivers who participated in this study and the behavior experts for their significant contribution to the retrospective inter-rater analysis.



Conflict of interest

SS, EO, and TS were employed by DigitalPia Co., Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Oeseburg, B, Dijkstra, GJ, Groothoff, JW, Reijneveld, SA, and Jansen, DE. Prevalence of chronic health conditions in children with intellectual disability: a systematic literature review. Intellect Dev Disabil. (2011) 49:59–85. doi: 10.1352/1934-9556-49.2.59 

 2. van Timmeren, EA, van der Putten, AA, van Schrojenstein Lantman-de Valk, HM, and van der Schans, CP. Prevalence of reported physical health problems in people with severe or profound intellectual and motor disabilities: a cross-sectional study of medical records and care plans. J Intellect Disabil Res. (2016) 60:1109–18. doi: 10.1111/jir.12298

 3. Nijs, S, and Maes, B. Social peer interactions in persons with profound intellectual and multiple disabilities: a literature review. Educ Train Aut Dev Disabil. (2014) 49:153–65.

 4. Nijs, S, Vlaskamp, C, and Maes, B. Children with PIMD in interaction with peers with PIMD or siblings. J Intellect Disabil Res. (2016) 60:28–42. doi: 10.1111/jir.12231 

 5. Nieuwenhuijse, AM, Willems, DL, van Goudoever, JB, Echteld, MA, and Olsman, E. Quality of life of persons with profound intellectual and multiple disabilities: a narrative literature review of concepts, assessment methods and assessors. J Intellect Develop Disabil. (2019) 44:261–71. doi: 10.3109/13668250.2017.1388913

 6. van der Putten, AAJ, Bossink, LWM, Frans, N, Houwen, S, and Vlaskamp, C. Motor activation in people with profound intellectual and multiple disabilities in daily practice. J Intellect Develop Disabil. (2017) 42:1–11. doi: 10.3109/13668250.2016.1181259

 7. Hostyn, I, Daelman, M, Janssen, MJ, and Maes, B. Describing dialogue between persons with profound intellectual and multiple disabilities and direct support staff using the scale for dialogical meaning making. J Intellect Disabil Res. (2010) 54:679–90. doi: 10.1111/j.1365-2788.2010.01292.x 

 8. Chadwick, D, Buell, S, and Goldbart, J. Approaches to communication assessment with children and adults with profound intellectual and multiple disabilities. J Appl Res Intellect Disabil. (2019) 32:336–58. doi: 10.1111/jar.12530 

 9. Herbuela, VRDM, Karita, T, Furukawa, Y, Wada, Y, Yagi, Y, Senba, S , et al. Integrating behavior of children with profound intellectual, multiple, or severe motor disabilities with location and environment data sensors for independent communication and mobility: app development and pilot testing. JMIR Rehabil Assist Technol. (2021) 8:e28020. doi: 10.2196/28020 

 10. Blain-Moraes, S, and Chau, T. Challenges of developing communicative interaction in individuals with congenital profound intellectual and multiple disabilities. J Intellect Develop Disabil. (2012) 37:348–59. doi: 10.3109/13668250.2012.721879 

 11. Griffiths, C, and Smith, M. You and me: the structural basis for the interaction of people with severe and profound intellectual disability and others. J Intellect Disabil. (2017) 21:103–17. doi: 10.1177/1744629516644380

 12. Harrison, F, Goodman, A, van Sluijs, EMF, Andersen, LB, and Cardon, G. Weather and children’s physical activity; how and why do relationships vary between countries? Int J Behav Nutr Phys Act. (2017) 14:74. doi: 10.1186/s12966-017-0526-7 

 13. Kharlova, I, Deng, WH, Mamen, J, Mamen, A, Fredriksen, MV, and Fredriksen, PM. The weather impact on physical activity of 6-12 year old children: a clustered study of the health oriented pedagogical project (hopp). Sports. (2020) 8:9. doi: 10.3390/sports8010009

 14. Lagacé-Séguin, DG, and Coplan, RJ. Winter weather go away, come again another day! Meteorology and mothers’ perceptions of children’s emotions during the winter season. Can J Res Child Educ. (2001) 8:39–50.

 15. Ciucci, E, Calussi, P, Menesini, E, Mattei, A, Petralli, M, and Orlandini, S. Weather daily variation in winter and its effect on behavior and affective states in day-care children. Int J Biometeorol. (2011) 55:327–37. doi: 10.1007/s00484-010-0340-2

 16. Ciucci, E, Calussi, P, Menesini, E, Mattei, A, Petralli, M, and Orlandini, S. Seasonal variation, weather and behavior in day-care children: a multilevel approach. Int J Biometeorol. (2013) 57:845–56. doi: 10.1007/s00484-012-0612-0 

 17. Remmers, T, Thijs, C, Timperio, A, Salmon, J, Veitch, J, Kremers, SPJ , et al. Weather and Children’s physical activity patterns. Med Sci Sports Exerc. (2017) 49:922–9. doi: 10.1249/MSS.0000000000001181 

 18. Younan, D, Tuvblad, C, Li, L, Wu, J, Lurmann, F, Franklin, M , et al. Environmental determinants of aggression in adolescents: role of urban neighborhood greenspace. J Am Acad Child Adolesc Psychiatry. (2016) 55:591–601. doi: 10.1016/j.jaac.2016.05.002 

 19. Lagacé-Séguin, DG, and d’Entremont, MRL. Weathering the preschool environment: affect moderates the relations between meteorology and preschool behaviors. Early Child Dev Care. (2005) 175:379–94. doi: 10.1080/0300443042000270777

 20. Boker, SM, Leibenluft, E, Deboeck, PR, Virk, G, and Postolache, TT. Mood oscillations and coupling between mood and weather in patients with rapid cycling bipolar disorder. Int J Child Health Hum Dev. (2008) 1:181–203.

 21. Lickiewicz, J, Piotrowicz, K, Hughes, PP, and Makara-Studzińska, M. Weather and aggressive behavior among patients in psychiatric hospitals-an exploratory study. Int J Environ Res Public Health. (2020) 17:9121. doi: 10.3390/ijerph17239121 

 22. Veleva, B, van Bezooijen, R, Chel, V, Numans, M, and Caljouw, M. Effect of ultraviolet light on mood, depressive disorders and well-being. Photodermatol Photoimmunol Photomed. (2018) 34:288–97. doi: 10.1111/phpp.12396 

 23. Sarran, C, Albers, C, Sachon, P, and Meesters, Y. Meteorological analysis of symptom data for people with seasonal affective disorder. Psychiatry Res. (2017) 257:501–5. doi: 10.1016/j.psychres.2017.08.019 

 24. Jahan, S, and Wraith, D. Immediate and delayed effects of climatic factors on hospital admissions for schizophrenia in Queensland Australia: a time series analysis. Environ Res. (2021) 197:111003. doi: 10.1016/j.envres.2021.111003 

 25. Okuma, H, Okuma, Y, and Kitagawa, Y. Examination of fluctuations in atmospheric pressure related to migraine. Springerplus. (2015) 4:790. doi: 10.1186/s40064-015-1592-4

 26. Rakers, F, Walther, M, Schiffner, R, Rupprecht, S, Rasche, M, Kockler, M , et al. Weather as a risk factor for epileptic seizures: a case-crossover study. Epilepsia. (2017) 58:1287–95. doi: 10.1111/epi.13776 

 27. Salib, E, and Sharp, N. Relative humidity and affective disorders. Int J Psychiatry Clin Pract. (2002) 6:147–53. doi: 10.1080/136515002760276072 

 28. VanBuskirk, SE, and Simpson, R. Meteorological variables and behavior of learners with autism. Focus Aut Other Dev Disabil. (2013) 28:131–7. doi: 10.1177/1088357612475302

 29. Herbuela, VRDM, Karita, T, Furukawa, Y, Wada, Y, Toya, A, Senba, S , et al. Machine learning-based classification of the movements of children with profound or severe intellectual or multiple disabilities using environment data features. PLoS One. (2022) 17:e0269472. doi: 10.1371/journal.pone.0269472 

 30. World Medical Association. World medical association declaration of Helsinki ethical principles for medical research involving human subjects. JAMA. (2013) 310:2191–4. doi: 10.1001/jama.2013.281053

 31. European Medicines Agency. ICH topic E6 (R1) guideline for good clinical practice step 5 note for guidance on good clinical practice; CPMP/ICH/135/95. London, UK: (2002).

 32. Ashida, K, and Ishikura, K. Creating a category table of expressions in children with severe motor and intellectual disabilities. J School Educ. (2013) 25:75–82.

 33. Hallgren, KA. Computing inter-rater reliability for observational data: an overview and tutorial. Tutor Quant Methods Psychol. (2012) 8:23–34. doi: 10.20982/tqmp.08.1.p023 

 34. Gustavo, EAPA, Batista, and Monard, MC. An analysis of four missing data treatment methods for supervised learning. Appl Artif Intell. (2003) 17:519–33. doi: 10.1080/713827181

 35. Leckie, G. Bell, a: Module 12: Cross-classified multilevel models. MLwin Practical. Centre for Multilevel Modelling. Bristol: University of Bristol (2013).

 36. Yaremych, HE, Preacher, KJ, and Hedeker, D. Centering categorical predictors in multilevel models: best practices and interpretation. Psychol Methods. (2021)

 37. Didyk, L, Gorgo, Y, Prigancova, A, Tunyi, I, Vaczyova, M, Mamilov, S , et al. The effects of atmospheric pressure fluctuations on human behaviour related to injury occurrences: study on the background of low and moderate levels of geomagnetic activity. Int Scholarly Res Netw. (2012) 20:1–9.

 38. Bos, EH, Hoenders, R, and de Jonge, P. Wind direction and mental health: a time-series analysis of weather influences in a patient with anxiety disorder. BMJ Case Rep. (2012) 2012:bcr2012006300. doi: 10.1136/bcr-2012-006300 

 39. Brazienė, A, Venclovienė, J, Vaičiulis, V, Lukšienė, D, Tamošiūnas, A, Milvidaitė, I , et al. Relationship between depressive symptoms and weather conditions. Int J Environ Res Public Health. (2022) 19:69. doi: 10.3390/ijerph19095069 

 40. Bulbena, A, Pailhez, G, Acea, R, Cunillera, J, Rius, A, Garcia-Ribera, C , et al. Panic anxiety, under the weather? Int J Biometeorol. (2005) 49:238–43. doi: 10.1007/s00484-004-0236-0 

 41. Harrison, F, Jones, AP, Bentham, G, van Sluijs, EMF, Cassidy, A, and Griffin, SJ. The impact of rainfall and school break time policies on physical activity in 9–10 year old British children: a repeated measures study. Int J Behav Nutr Phys Act. (2011) 8:47. doi: 10.1186/1479-5868-8-47 

 42. Harrison, F, van Sluijs, EMF, Corder, K, Ekelund, U, and Jones, A. The changing relationship between rainfall and children’s physical activity in spring and summer: a longitudinal study. Int J Behav Nutr Phys Act. (2015) 12:41. doi: 10.1186/s12966-015-0202-8 

 43. Rahman, S. Effects of weather on physical activity among school children in Alberta, Canada. A thesis submitted for the degree of master of science in epidemiology School of Public Health University of Alberta (2017).

 44. Lewis, LK, Maher, C, Belanger, K, Tremblay, M, Chaput, JP, and Olds, T. At the mercy of the gods: associations between weather, physical activity, and sedentary time in children. Pediatr Exerc Sci. (2016) 28:152–63. doi: 10.1123/pes.2015-0076 

 45. Edwards, NM, Myer, GD, Kalkwarf, HJ, Woo, JG, Khoury, PR, Hewett, TE , et al. Outdoor temperature, precipitation, and wind speed affect physical activity levels in children: a longitudinal cohort study. J Phys Act Health. (2015) 12:1074–81. doi: 10.1123/jpah.2014-0125

 46. Goodman, A, Paskins, J, and Mackett, R. Day length and weather effects on Children’s physical activity and participation in play, sports, and active travel. J Phys Act Health. (2012) 9:1105–16. doi: 10.1123/jpah.9.8.1105 

 47. Goodman, A, Page, AS, and Cooper, AR. Daylight saving time as a potential public health intervention: an observational study of evening daylight and objectively-measured physical activity among 23,000 children from 9 countries. Int J Behav Nutr Phys Act. (2014) 11:84. doi: 10.1186/1479-5868-11-84 

 48. Yacan, SD. Impacts of daylighting on preschool students’ social and cognitive skills, submitted for the Degree of Master of Science University of Nebraska-Lincoln (2014).

 49. Ramstetter, CL, Murray, R, and Garner, AS. The crucial role of recess in schools. J Sch Health. (2010) 80:517–26. doi: 10.1111/j.1746-1561.2010.00537.x 

 50. Nguyen, JL, Schwartz, J, and Dockery, DW. The relationship between indoor and outdoor temperature, apparent temperature, relative humidity, and absolute humidity. Indoor Air. (2014) 24:103–12. doi: 10.1111/ina.12052 

 51. Vos, P, De Cock, P, Petry, K, Van Den Noortgate, W, and Maes, B. Do you know what I feel? A first step towards a physiological measure of the subjective well-being of persons with profound intellectual and multiple disabilities. J Appl Res Intellect Disabil. (2010) 23:366–78. doi: 10.1111/j.1468-3148.2010.00553.x

 52. Vos, P, De Cock, P, Munde, V, Petry, K, Van Den Noortgate, W, and Maes, B. The tell- tale: what do heart rate; skin temperature and skin conductance reveal about emotions of people with severe and profound intellectual disabilities? Res Dev Disabil. (2012) 33:1117–27. doi: 10.1016/j.ridd.2012.02.006 

 53. Lima, M, Silva, K, Amaral, I, Magalhaes, A, and de Sousa, L. Beyond behavioural observations: a deeper view through the sensory reactions of children with profound intellectual and multiple disabilities. Child Care Health Dev. (2013) 39:422–31. doi: 10.1111/j.1365-2214.2011.01334.x 

 54. Slapničar, G., Dovgan, E., Valič, J., and Luštrek, M. Mental state estimation of people with PIMD using physiological signals. Information Society, (2020), Ljubljana, Slovenia

 55. Keller, MC, Fredrickson, BL, Ybarra, O, Côté, S, Johnson, K, Mikels, J , et al. A warm heart and a clear head: the contingent effects of weather on mood and cognition. Psychol Sci. (2005) 16:724–31. doi: 10.1111/j.1467-9280.2005.01602.x 

 56. D’Hondt, P, Maes, M, Leysen, JE, Gommeren, W, Heylen, L, DeMeyer, F , et al. (1996) seasonal variation in platelet [3H]paroxetine binding in healthy volunteers. Neuropsychopharmacology. (1996) 15:187–98. doi: 10.1016/0893-133X(95)00183-E 

 57. Nemeroff, CB, Knight, DL, Franks, J, Craighead, WE, and Krishnan, KRR. Drug-free depressed patients had fewer platelet binding sites for both [3H]imipramine and [3H]paroxetine than did the comparison subjects. Am JPsychiatry. (1994) 151:1623–5.

 58. Charach, L, Grosskopf, I, Karniel, E, and Charach, G. A meteorological paradox: low atmospheric pressure-associated decrease in blood pressure is accompanied by more cardiac and cerebrovascular complications: five-year follow-up of elderly hypertensive patients. Atmos. (2022) 13:235. doi: 10.3390/atmos13020235

 59. Funakubo, M, Sato, J, Mizumura, K, Suzuki, N, and Messlinger, K. Craniofacial sensations induced by transient changes of barometric pressure in healthy subjects – a crossover pilot study. Cephalalgia Rep. (2021) 4:251581632110003. doi: 10.1177/25158163211000362

 60. Sharafi, R, Bogdanov, V, Gorlov, D, and Gorgo, Y. The influences of meteorological factors on the health and functional state of human. Health. (2013) 5:2068–76. doi: 10.4236/health.2013.512281

 61. Li, Y, Ru, T, Chen, Q, Qian, L, Luo, X, and Zhou, G. Effects of illuminance and correlated color temperature of indoor light on emotion perception. Sci Rep. (2021) 11:14351. doi: 10.1038/s41598-021-93523-y 

 62. Milosavljevic, N. How does light regulate mood and behavioral state? Clocks Sleep. (2019) 1:319–31. doi: 10.3390/clockssleep1030027 

 63. Zuo, C, Luo, L, and Liu, W. Effects of increased humidity on physiological responses, thermal comfort, perceived air quality, and sick building syndrome symptoms at elevated indoor temperatures for subjects in a hot-humid climate. Indoor Air. (2021) 31:524–40. doi: 10.1111/ina.12739 

 64. No, M, and Kwak, HB. Effects of environmental temperature on physiological responses during submaximal and maximal exercises in soccer players. Integr Med Res. (2016) 5:216–22. doi: 10.1016/j.imr.2016.06.002 



OPS/images/fpsyt-14-1235582-t001.jpg
Behavior and

emotional states 2=faition

Initial inter-rater agreement

Manifestations (sample extracts)
K

Final stage
n=282 (%)

Engagement ‘The engagement of both partners in the dyad
may be directed to the same focus. Verbal or
non-verbal movement or behavior aims to

get the atiention of the caregiver or teacher to

te an interaction and exchange words or

actions (e.g. greetings, calling for attention,

and response to requests).

Attentional focusing or  In this state, the dyads are attuned and

concentration understand each other and both agreed as to
what is happening and what should happen.
Mostly non-verbal actions or gestures to
express a decision or desire to choose

between or among objects.

Assent Demonstrates attuned agreement between
the dyad. The child carries out an action or
asks a question or puts a demand on the
caregiver. Then the caregiver confirms the
childs need or want by asking question then
the child attunes (agree or approve) and

responds.

Positive emotions Mostly non-verbal expressions of feclings of
being happy or pleasant (“delicious;” ‘I

like...”), excited, or enthusiastic (“fun’)

Negative emotions Mostly non-verbal movements and behaviors
that demonstrate feelings of being anxious or

worried, anger, o pain.

Interest Demonstrates an obvious attention in
(attuning to) an object (‘show me’), action,

or doing an action (‘I want to dot").

Refusal or disagreement  The dyad does not accede to the wishes of the
other so the interplay between the dyad is
negative. Verbal or non-verbal actions and
vocalizations (*nof or “no, is different’) to

express refusal or disagreement,

isconnected or Alow or absent level of attuning, combined

withdrawal with little or no cooperation or greater degree
of separation s occurring between the
partners which may be due to internal (e.g.,
sleepy, tired, or hungry) or external (e.g.

cold) stimulus.

Inter-rater agreement for each category was assessed using k coeffcients (k = 0 less than chance agreement,

~moves mouth to say only the “masu” part of “Ohayo gozaimas” 095
~Right hand forward, face towards the teacher.

~Points a finger and whispers something.

~Moves the body significantly. It takes longer for food to be chewed after it enters

the mouth.

~Moves the face widely. Opens mouth wide and tries to speak. Breathing becomes

alittle more intense.

~Opens mouth wide and vocalizes repeatedly.

~Waves to the camera, Turns around, laughs, and touches right shoulder with the

right hand (with vocalization). Says ‘bye-bye’ while waving with both hands.

~Vocalizes. Cheek puffing. Eye movement. Eyebrows move. 100
~Places hand on the card with left fingers extended.

~Pulls the whiteboard closer.

~Raises the corners of the mouth. Selects a card with the right hand.

~Pulls the whiteboard closer. Moves gaze (in line with the card).

~Moves gaze in line with the colored pencils. (Face together). Grabs the colored

pencils.

~Shakes head sideways. Gazes between desk and chair.

~Mouthing away from the cup. Eye movement. Moving the head upwards. 100
~Vocalization. Eye movement. Moves face down to the right. Extends left arm,
~Points to somewhere in the picture book with the left hand and pushes.

~Vocalizes ‘yes.

~Looks at the teachers face and vocalizes ‘yes. Makes a slight nodding motion.

~Turns towards the sound and directs attention to the book. When doing so, opens 091
‘mouth wide. Appears to be smiling.

~Smiles. Smiles at the potatoes.

~Raises the corners of mouth and shakes face from side to side while holding the

back of head with the right hand.

~Occasionally points at the camera and raises the corners of his mouth. Shakes face

from side to side.

~Opens mouth and brings hand to the mouth. Looks at the teacher and opens eyes.

Raises eyebrows upwards.

~Reaches right hand behind back. Smiles. Rocks body back and forth. Squeaks feet.

~Looks away from the teacher. 074
~Shake the head vertically. Eye movement. Turns the head downwards.

~Shakes the body.

~Face s straining.

~Body begins to sway. Corner of mouth and eyebrows droop. Suddenly stands up

and walks towards the TV.

~Frowns, touches the teacher’s hand with the right hand.

~Vocalizes. Eye movement. Movement of face to the right. 071

~Eye movement (accor

ng to the card). Movement of hands.
~Face movement (to match the card).

Looks to the right of the screen. Moves body closer to the chair. Tilts head back,

extends left arm, and says ‘quickly. Vocalizes. Lowers mask and licks right hand.

Looks at the teacher. Calls out ‘good" repeatedly.

~Gazesat the tablet. Changes posture to look at it. Looks a the screen.

~Closes mouth when bean curd is brought close. Sticks out tongue. Turns face 100
away.

~Produces loud voice to interrupt teachers. Moves hands loudly:

“Touches face (mouth and nose) with hand while moving fingers.

“Tries to brush away the teacher's hand. Moves the mouth. Vocalizes “no” Tilts

upper body to the left

~The teacher asks, “This?” In response, looks at the castanets and then looks down.

Reaches for the castanet he wants.

Clos

eyelids. Looks up and does not move. 083
~Eyes closed and looking up.

~Tiny mouth opening. Does not accept food in mouth.

“Tries to look up and close eyes. Blinks for a long time.

~Looks downwards. Movement stiffens.

~Touches the left hand in front of the nose and the right hand towards the mouth.

Left fingers move slightly. Eyes appear to be barely open.

01-0.20 light agreement,k = 0.21-0.40 far agreement,k = 0.41-0.60

moderate agreement, k = 0.61-0.80 substantial agreement, and k = 0.81-0.99 almost perfect agreement) with a significance level of p < 0.01 (3).

K range® p value
5 <0.001
5 <0.001
5 <0001
5 <0.001
4 <0001
4 <0001
5 <0.001
5 <0.001

50(17.7)

35(124)

68(24.1)

23(8.16)

10(3:55)

61(21.6)

19(6.74)

16 (5.67)





OPS/images/fpsyt-14-1235582-t002.jpg
Attentional Positive Negative

Predictor Engagement® focusing st e Interest Refusal® Disconnected
variables

c SE © SE SE (¢ SE C SE C SE
Time (10 to 11am) -073 038 113 079 074 0.46 - - -0.15 087 - - -120 130 ~094 124
1110 12pm -203 064+ 046 085 057 048 - - 011 087 - - -022 113 ~068 131
1210 1pm 018 044 117 083 097 051 - - ~1800 24971 - - 181 104 278 103
Season (winter) 054 052 082 083 122 051 -208 119 -209 121 -0.21 058 113 106 -002 134
UV (mW/em2) 0.14 026 092 043 ~0.40 085 -143 121 0.04 022 -153 097 005 124 058 041
Pressure (hPa) 0.64 0.20%% 013 030 -0.16 0.18 ~0.41 034 -027 042 0.56 0.21 ~090 051 -0.13 046
Temperature (°C) 014 018 029 031 002 016 -052 061 -050 042 052 033 0.07 037 -090 038
Humidity (%) 012 022 045 034 -0.29 0.22 -L14 063 -061 064 -0.10 022 064 039 142 060
Season* UV - - 321 131 254 136 -212 278 - - ~085 206 126 256 - -
Season*pressure -078 036 -0 053 -078 030 -171 082 - - ~0.09 041 -022 095 -027 100
Season*temperature = B - s - - -269 155 - - 107 085 - - - -
Season*humidity 016 051 094 099 070 045 - - - - - - - - -058 134

t;SE, standard error; —, not included in the final model due to high (25) VIE-The expected value of the frequency of the outcome differs by <1 betyween the pper and lower limit n level 2, thus coeffcients and standard errors were computed in general
linear models; Reference levelsfor the categorical variables=Time: 9 o 10am; Season: Fall; p-values: *p<0.05, *#p<0.01, and **#p<0.001 were false discovery rate (FDR) adjusted.





OPS/images/fpsyt-14-1235582-g003.jpg
0.600

0.400

mW/em2

0200

0.000

1030

1020

hPa

1010

1000
40

100

12

m/sec

0

Atmospheric pressure

/ emmme

/

RS

Temperature

=== Indoor

——oOutdoor

Humidity
Indoor (relative)

——outdoor =059

Cloudiness

Wind speed

Sep24-19 Oct15-18 Now18-19 Dec17-19 Jan2120 Feb25-20





OPS/images/fpsyt-14-1235582-g004.jpg
Engagement

Attentional focusing

Engagement*Atmospheric pressure

Assent*Humidity

10: !
.
B
.o .
£
]
<
e o o e o o =e 000 o000 o o . o0 o
3 5 i 5 1} p
Atmospheric pressure Humidity
Attentional focusing*Cloudiness D' Interest*Cloudiness
o
\
. .
.
N
s \
I8 g \
N s
N =

Season
— fal
= winter





OPS/images/fpsyt-14-1235582-t003.jpg
Engagement® A:‘e”"?"m Assent? eeiie Maseiiie Interest Refusal® Disconnected

Prodictors ocusing emotions emotions

€ SE € SE € SE c SE € SE € SE € SE c SE
“Time (10 to 11am) ~0.83 0.39 011 0.74 0.89 049 142 L19 =0.10 0.95 -0.01 042 -1.58 131 =102 127
11to 12pm =2.60 0.65%%% =091 0.79 105 0.55 121 121 =0.03 0.89 -0.76 047 -0.89 114 =051 1.43
12to 1pm =0.50 044 =035 0.79 0.96 0.51 282 121 =175 24839 0.13 047 L11 1.02 1.56 121
Season (winter) =0.02 0.52 0.52 072 231 0.51%%% =0.11 0.88 =206 1.24 0.08 0.54 0.78 0.94 =097 1.68
Atmospheric pressure (hPa) 0.64 0.24* =027 0.30 =031 0.22 0.09 0.40 0.12 0.62 075 0.22+* -1.74 0.59* -0.62 0.65
“Temperature (°C) 0.20 0.26 0.53 039 0.09 0.27 0.03 0.58 -0.48 0.47 0.49 0.22 -0.28 0.57 —0.64 0.86
Humidity (%) =0.33 0.24 -0.69 0.30 035 0.27 0.43 045 0.00 0.52 -0.03 0.25 0.30 0.53 =020 075
Cloudiness (%) 042 oLy 0.14 031 —0.45 0.20 0.26 0.46 097 0.63 039 0.20 =0.14 0.46 =0.10 0.42
Wind speed (m/s) 0.18 0.19 - - =0.12 017 0.42 0.41 023 0.54 -0.26 0.22 144 0.51% =0.06 0.62
Season* Atmospheric pressure =100 0.38* -0.74 073 =039 0.34 - - - - =0.19 0.44 - - =053 1.38
Season*temperature N - - N B - - - - - - N 018 107 N R
Season*humidity -0.24 0.59 - - 241 55 - - - - - - =107 1.55 031 223
Season*cloudiness - - -1.70 0.58* - - - - - - =152 0.43%* - - - -
Season*wind speed - - - - =057 0.59 - - - - -131 0.62 - - - -

t;SE, standard error; —, not included in the final model due to high (25) VIE “The expected value of the frequency of the outcome difers by <1 between the upper and lower limit i level 2, thus coefficients and standard errors were computed in general
linear models; Reference levels for the categorical variables=Time: 9 o 10am; Season: Fall; p-values: *p<0.05, **p<0.01, and **#p<0.001 were false discovery rate (FDR) adjusted.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Multilevel and general linear modeling of weather and time effects on the emotional and behavioral states of children with profound intellectual and multiple disabilities



		1 Introduction



		2 Methods



		2.1 Participants



		2.2 Data collection



		2.2.1 Session and experimental setup



		2.2.2 Measures and preprocessing



		2.2.2.1 Movements, vocalizations, and behaviors



		2.2.2.2 Environment measures















		2.3 Statistical analysis









		3 Results



		3.1 Baseline indoor and outdoor weather data



		3.2 Main and seasonal interaction effects



		3.2.1 Indoor weather indices



		3.2.2 Outdoor weather indices









		3.3 Simple slope results on seasonal interaction effects









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpsyt-14-1235582-g001.jpg
Weather API = ALPSSensors  iBeacon device 0 o
B Beacon  ALPS

Investigator

Caregiver

chidwith ", B
PIMD 2m

ChildSIDEapp Database






OPS/images/fpsyt-14-1235582-g002.jpg
Child-caregiver dyads agreed to

H
H
£
I
£
&

participate
(n=20)
Sessions
H (n=105)
g .
8 Movement and behavior with
< environment data
(n=354)
H Excluded:
No associated environmental
data (n=37)
Undetected data by the app
(n=35)

Interrater agreement and multilevel
and general linear models
(Data n=282)

Analysis






OPS/images/cover.jpg
& frontiers | Frontiers in Psychiatry

Multilevel and general linear
modeling of weather and time
effects on the emotional and
behavioral states of children with
profound intellectual and multiple
disabilities












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry






