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Objective (500 words)
The number of children and adults in the U.S. identified with autism spectrum disorder (ASD) is on the rise. For example, in 2020, it was reported that 1 in 36 children and 1 in 54 adults in the U.S. have ASD (Dietz et al., 2020; Maenner et al., 2023). Despite increased awareness of ASD, autistic individuals often face considerable challenges when transitioning into the workforce. Of note, identity-first language is used to acknowledge that autism is an integral part of a person's identity. Earlier studies have reported that compared to the general population, autistic individuals are at a higher risk of being unemployed, underemployed, or engaged in jobs that do not fully utilize their skills or meet their needs (Baldwin et al., 2014; Chen et al., 2015). Although there is variability in the reported unemployment rates of 50% to 80% among autistic adults (Richards, 2012; Taylor & Seltzer, 2011), these rates are generally higher than those for individuals with other disabilities.

In today's work environment, fundamental skills include communication, complex problem-solving, teamwork, flexibility, resilience, and a prosocial attitude (Cascio & Aguinis, 2008; Sousa & Wilks, 2018). However, these skills might not align well with the characteristics typically associated with autism, including unique ways of communicating, repetitive patterns of thought and behavior, distinct sensory preferences, and challenges with emotion regulation and executive functioning (Bury et al., 2021; Vanbergeijk et al., 2008). This mismatch between workplace expectations and the natural attributes of autistic individuals could contribute to their challenging employment outcomes. Thus, given the challenges autistic individuals face, alongside their potential to offer unique strengths such as exceptional attention to detail, reliability, and efficiency (Cope & Remington, 2022), there is an important need to provide targeted support in the workplace for autistic employees. 

Developing such a support that can facilitate effective collaboration and communication in the workplace, especially between autistic and neurotypical individuals, would require an increased understanding of their collaborative dynamics. As an initial effort, this study was aimed to explore the underlying temporal dynamics of collaborative behaviors in a neurodiverse team during a simulated remote work task. By applying a Hidden Markov Model (HMM) to heart rate data, we aimed to capture the different states and their probabilistic transitions during collaboration. HMM serves as a statistical framework that models a sequence of hidden states, where each state is linked to a specific probability distribution of observable outputs, enabling the analysis of patterns within the data. We expect that this modeling effort would offer a potential to develop more effective and sustainable support strategies for collaborative tasks in various workplaces.

Approach (250 words)
A purposive sample of 18 participants was recruited to form nine dyads. Six dyads [Mean (SD) age = 27.25 (3.84)] consisted of pairs of non-autistic participants, while the remaining three dyads [Mean (SD) age = 21.50 (2.81)] comprised pairs in which one participant was autistic and the other non-autistic. Each dyad was matched by gender, with a maximum 5-year age difference.

Dyads completed two trials of a collaborative task over Zoom, using an online programming platform. The task required one participant to control the platform and share their screen, while the other participant, who had no control over the platform, provided verbal instructions to achieve the task goals. Participants were in separate rooms, working together for ≤15 minutes to accomplish these goals. Roles were alternated in each trial. During each trial, heart rate data were collected from both participants using two Empatica E4 devices (Empatica Inc., MA, USA).

Heart rate data from the dyads were segmented into 30-second intervals to capture the temporal dynamics of collaborative behavior. Subsequently, we applied a discrete wavelet transform to extract features that reflect the participants' interactions within each dyad, extracting features based on, e.g., cross-spectral density and wavelet cross-coherence (Table 1). Given the lack of prior information on the number of hidden states, we determined the number empirically by fitting models with up to 20 hidden states and selecting the model with the lowest BIC value for subsequent analysis. For HMM fitting, the initial states were estimated using Gaussian Mixture Models.

Findings (250 words)

Observation of BIC values across the evaluated range of the number of hidden states indicated a trend where BIC values gradually increased as the number of hidden states grew. Yet, an inflection point in this trend was qualitatively observed at the model incorporating seven hidden states (Figure 1), where the slope of BIC values relative to the number of states exhibited a noticeable change. This point suggested a diminishing return on model complexity beyond seven states. Thus, the final HMM was fitted with seven hidden states. 

Subsequently, we employed the hmmviterbi algorithm separately for the non-autistic–non-autistic (NA-NA) and autistic-non-autistic (ASD-NA) dyads to estimate their sequence of hidden states. Using these estimated sequences, we derived and computed their respective transition probabilities. Visualization of these transition probabilities revealed distinct interaction patterns between the two dyad types (Figure 2). Interestingly, the NA-NA dyads showed a higher frequency of transitions among different states; 15 out of 49 grids showed zero probability for the NA-NA dyads, in contrast to the ASD-NA dyads, where 26 grids exhibited zero probability. This observation suggests that NA-NA dyads engage in more varied interaction patterns, transitioning more frequently between states.

Conversely, the relatively higher number of zero-probability transitions observed for ASD-NA dyads may indicate a tendency for these dyads to remain in specific states for longer durations before transitioning. This pattern could reflect a preference or necessity among ASD-NA dyads for maintaining a consistent interaction style or activity level, possibly due to the comfort and predictability such consistency offers.

Takeaways (250 words)

We explored the collaborative dynamics within neurodiverse teams during a simulated collaborative task by statistically modeling heart rate data. Our HMM results show differences in transition probabilities between the NA-NA and ASD-NA dyads, suggesting that these groups may employ distinct collaborative strategies and problem-solving approaches. Specifically, NA-NA dyads might engage in more exploratory behavior, frequently adjusting their strategies, whereas ASD-NA dyads might prefer more structured and predictable interactions.

These findings highlight the potential of employing HMMs to capture collaborative behaviors using physiological signals. However, to develop a more comprehensive and predictive model, further research is warranted. The current analysis mainly identifies patterns observed in physiological signals without offering predictions or generalizability to different datasets or conditions. In addition, to effectively account for group heterogeneity, modeling tailored to specific dyads may be necessary, and investigating other physiological indicators such as 
electrodermal activity could provide further insights. Enhancing this modeling approach can contribute to the development of supportive strategies that can improve collaborative experiences across neurodiverse team compositions, thereby facilitating a more inclusive and effective neurodiverse workplace.
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Table 1. Eight features extracted to characterize heart rate data

	Category
	Feature
	Description

	Cross-Spectral Density (CSD)
	Mean and SD
	Insights into the frequency-domain relationship and phase synchrony across different frequency bands.

	Energy-Based Metrics
	Mean energy difference 
	The mean difference in energy between participants' signals.

	
	Energy Ratio
	The ratio of energies between participants' signals.

	
	SD of energy differences
	The variability in the difference of energies between participants' signals.

	
	Pearson Correlation Coefficient of Energy Profiles
	The linear relationship between the energy profiles of participants' signals.

	Wavelet Coherence  
	Average Wavelet Coherence
	The overall degree of phase and amplitude alignment in the time-frequency space.

	
	Maximum Cross-Correlation
	The highest linear association between the signals of participants.
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Figure 1. Bayesian information criterion (BIC) values across different hidden state numbers in a Hidden Markov Model (HMM).
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Figure 2. Transition probability matrices for non-autistic-non-autistic (NA-NA) dyads (Left) and autistic-non-autistic (ASD-NA) dyads (Right) derived from an HMM with seven hidden states. The heatmap grids shows the transition probabilities between states. High values indicate a greater likelihood of transitioning between specific states.
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