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Abstract
Previous research has suggested that a relationship may exist between physiological arousal and engagement in motor stereotypy among children and adolescents with autism. It has been speculated that levels or alterations of physiological arousal may act as antecedents or reinforcing consequences for stereotypy. The current study sought to investigate the relationship between these two variables among five children aged between four and 17 years who were diagnosed with autism spectrum disorder. The results revealed little association between physiological arousal and stereotypy among these participants. However, a consistently atypical physiological response to stress, suggestive of physiological blunting, was observed. The implications of these findings for our understanding of the function of stereotypy, and stress responsivity among persons with autism, are discussed along with suggestions for future research. 
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Heart Rate Measurement during Stereotyped Motor Behavior in Autism Spectrum Disorder
	Stereotyped, repetitive motor movements comprise one of the core diagnostic criteria for autism spectrum disorder (ASD; American Psychiatric Association, 2013). For this reason, it is unsurprising that such behaviors are pervasive among persons with the disorder; Campbell and colleagues (1990) examined the prevalence of stereotyped motor movements among 224 children with autism and found that almost all participants (99.5%) presented with at least mild motor stereotypy. These behaviors present more frequently and severely among individuals with autism than among their typically developing peers or peers with other developmental disabilities (Bodfish, Symons, Parker, & Lewis, 2000; Macdonald et al., 2007). While not physically harmful, research has demonstrated such behaviors to negatively impact on academic engagement and learning (Koegel & Covert, 1972; Morrison & Rosales-Ruiz, 1997), and social interactions and social inclusion (Cunningham & Schreibman, 2008; Durand & Carr, 1987; Loftin, Odin, & Lantz, 2008). 
	The cause of these behaviors is as yet unestablished (for review of recent research on this topic, see: Leekam, Prior, & Uljarevic, 2011). However, a relationship between physiological arousal and engagement in stereotyped behavior has been proposed (e.g., Hutt, Hutt, Lee, & Ounsted, 1964; Hutt and Hutt, 1968; Lydon, Healy, & Dwyer, 2013; Sugarman, Garrison, & Williford, 2014). Early theories suggested that individuals with autism experienced physiological hyper-arousal, including excessive sympathetic activity and elevated physiological arousal, which led to many of the abnormal behaviors associated with ASD, including withdrawal, increased behavioral reactivity, and engagement in stereotyped behavior in an attempt to block external stimulation (Hutt et al., 1964; Hutt et al., 1968). Other researchers (e.g., Rimland, 1964) alternatively suggested that individuals with ASD experience physiological hypo-arousal and that behaviors such as stereotypy can be understood as attempts to self-stimulate and increase physiological arousal. Later, Lydon et al. (2013) suggested that stereotyped behaviors might function to allow individuals with ASD to access a preferred state of elevated physiological arousal. Most recently, Sugarman et al. (2014) proposed that impairments in autonomic regulation underlie these behaviors and that stereotypy is an attempt to reduce high levels of physiological arousal and to restore homeostasis.
	Over the course of five decades, studies that have empirically examined the relationship between various indices of physiological arousal and stereotypy among individuals with autism have resulted in conflicting findings. Sroufe and colleagues (1973) examined the association between stereotypy and heart rate (HR) for a young boy with ASD. Their physiological assessment suggested that stereotypy served multiple functions for the participant including the elevation of physiological arousal during periods of low environmental stimulation, the release of excess excitement at other times, or the prevention of additional stimulation during periods of high physiological arousal. Hutt and colleagues (1975) examined HR patterns during the stereotypy of nine children with ASD. Their analysis suggested that stereotypy functioned to decrease physiological arousal and to block further environmental stimulation. Willemsen-Swinkels and colleagues (1998) examined HR waveforms surrounding the stereotypy of 18 children with various developmental disabilities. HR patterns that co-occurred with participants’ stereotypy varied according to mood state; stereotypy associated with happiness (referred to as “elation” by Willemsen-Swinkels et al.) was preceded and followed by HR increases suggesting that such occurrences functioned to release excitement or express joy. Stereotypy associated with upset (referred to as “distress” by Willemsen-Swinkels et al.) occurred when physiological arousal was elevated and led to decreases in arousal suggesting that such occurrences functioned to soothe or to block external stimulation. Stereotypy during outward calm (referred to as “composure” by Willemsen-Swinkels et al.) was not associated with HR and the authors posited that such occurrences might have social functions. Finally, Lydon et al. (2013) examined HR surrounding the stereotypy of three children with ASD. Their results indicated that stereotypy led to increases in arousal for all three participants. These results tentatively suggest that such behaviors served a self-stimulatory, or arousal-increasing, function for all three participants. 
Other studies have also identified associations between the activation of the limbic-hypothalamic-pituitary-adrenal (LHPA) axis and stereotypy. Gabriels and colleagues (2013) found that children with autism who engaged in high levels of repetitive behaviors had significantly greater physiological activation, as per measures of cortisol, a stress hormone, than children with autism who engaged in low levels of repetitive behaviors. Conversely, Lydon et al. (2015) found that individuals who engaged in higher levels of stereotypy had higher cortisol levels, indicative of greater physiological arousal, than their peers who engaged in little stereotyped behavior. The results of this body of research are suggestive of some association between physiological activity or activation and stereotypy. However, the conflicting results observed in the research literature highlight the need for further research to identify the nature of this relationship and possible mediating variables. 
Research into the psychophysiology of stereotypy may have important implications for the field of applied behavior analysis. Incorporating measures of physiological arousal during repetitive behavior may further our understanding of the etiology of such challenging behavior, an issue for which applied behavior analysis is frequently criticized (e.g., Duerden et al., 2012; MacLean, Stone, & Brown, 1994; Rapp and Vollmer, 2005). Research in this area may also help with the improvement of functional assessment or analysis techniques, which are considered the “gold standard” in determining behavioral function (Vollmer, Bosch, Ringdahl, & Rapp, 2014). Examining the addition of psychophysiological measurement to such assessment methods may provide a contribution to the elucidation of behavioral function and the ability to develop precise function-based interventions (Romanczyk & Gillis, 2006). It is also possible that psychophysiological assessment may further our understanding of, and ability to treat, automatically reinforced stereotypy. Automatic reinforcement describes the process by which a behavior is maintained by the internal stimulation or sensation that it produces (Vollmer et al., 2014). Such behaviors are often referred to as self-stimulatory. Currently, the identification of a behavior as automatically reinforcing is of limited use for treatment development (Cunningham & Schreibman, 2008; LeBlanc, Patel, & Carr, 2000; Vollmer, 1994) while the identification of the internal variables which are positively or negatively reinforcing the targeted challenging behavior may allow for the development of function-based, effective behavioral treatments. The suggestion that the identification of a relationship between physiology and challenging behavior may aid with treatment development is supported by the previous success of arousal-inducing, such as physical exercise (Lang et al., 2010), or de-arousing strategies, such as relaxation training (Mullins & Christian, 2001; To & Chan, 2000), in treating challenging behavior. 
The current study sought to further our understanding of the function of stereotypy among children and adolescents diagnosed with ASD. Specifically, it aimed to examine whether there were HR patterns consistently associated with the stereotypy of five youths with ASD, and whether any associated HR patterns differed according to participant mood state during the behavior. Finally, it sought to examine the level of HR according to participant mood state.   
Method
Participants, Target Behaviors, and Setting
Five individuals with ASD who exhibited high rates of stereotyped motor behaviors participated in this study. None of the participants were diagnosed with a medical condition, or taking medication, that may have affected their HR responses. Participant 1 was a 5-year-old male diagnosed with autism. His weight was 17.6 kg and his height was 102 cm. He had been diagnosed with autism at four years of age, and had begun receiving early intervention, based on the principles of ABA, at the age of 3 year 10 months. Participant 1 was verbal but engaged in little spontaneous communication with others. A recent psychological assessment, which included administration of the Wechsler Pre-School and Primary Scale of Intelligence and the Adaptive Behavior Assessment System (3rd Ed.), indicated that Participant 1 scored within the low average range of intelligence while his adaptive behavior was not within an age-appropriate range. Both Participant 1’s parents and teachers reported that he engaged in stereotyped motor behavior near-constantly and that these behaviors interfered with his ability to interact socially and with his academic progress. The topographies of Participant 1’s stereotypy are presented in Table 1. The results of a Questions about Behavioral Function (QABF; Matson & Vollmer, 1995), an indirect functional assessment instrument, completed by the Board Certified Behaviour Analyst® at Participant 1’s school, indicated that these behaviors were multiply controlled with both non-social (i.e., maintained by sources of automatic reinforcement) and escape functions. Discrimination training had been introduced in an attempt to reduce his stereotyped behavior but had failed to produce significant decreases in these behaviors. This intervention was discontinued during the data collection period of the current study. 
---------------------------------
Insert Table 1 about here
---------------------------------
Participant 2 was a 4-year-old male with ASD. His weight was 17.7 kg and his height was 99 cm. Participant 2 had been diagnosed at the age of 2 years and 6 months and had begun receiving an ABA educational intervention at the age of 3 years and 10 months.. Recent assessments, including the Vineland Adaptive Behavior Scales (2nd Ed.) and the Griffiths Mental Development Scales, indicated that Participant 2 had a low level of functioning across communication, social, motor, and independence domains. Participant 2 exhibited multiple topographies of stereotypy (see Table 1) that were reported to interfere with instructional sessions. A QABF completed by the school’s Board Certified Behaviour Analyst® indicated that these behaviors were primarily non-social but that some instances appeared to serve an escape function. No behavioral interventions had been implemented for his stereotypy. 
Participant 3 was a 17-year-old male diagnosed with autism and a mild intellectual disability. His weight was 56.7 kg and his height was 160 cm. Participant 3 was verbal but rarely engaged in spontaneous communication with others. He engaged in challenging behavior in the form of near-constant vocal and motor stereotypy that was reported to impede his academic and social engagement. The topographies of motor stereotypy in which Participant 3 engaged are presented in Table 1. A QABF completed by Participant 3’s graduate level teacher suggested that these behaviors were multiply controlled, serving primarily a non-social function but also functioning to provide a means of escape, as an indicator of physical discomfort, and to access social attention. No behavioral interventions had been implemented for his stereotypy. 
Participant 4 was a 9-year-old male diagnosed with autism and a mild intellectual disability. His weight was 27.9 kg and his height was 137.2 cm. Participant 4 had advanced communication and social abilities. However, he engaged in high rates of motor stereotypy that were reported to hinder his social interactions with peers and to impact upon his engagement with academic tasks. The topographies of Participant 4’s motor stereotypy are presented in Table 1. A QABF completed by Participant 4’s graduate level teacher indicated that these behaviors were primarily non-social and also functioned as a means to access social attention although to a lesser extent. No behavioral interventions had been implemented for this participant’s stereotypy. 
Participant 5 was a 10-year-old male with autism and a mild intellectual disability. His weight was 34.5 kg and his height was 139.7 cm. Participant 5 was verbal but rarely engaged in spontaneous verbal exchanges with others. Participant 5 engaged in multiple forms of motor stereotypy (see Table 1) but no intervention had been implemented for these previously. The results of a QABF completed by Participant 5’s graduate level teacher indicated that his motor stereotypy was primarily automatically reinforced but also served, on occasion, as an indicator of physical pain or discomfort. 
Data collection for Participants 1 and 2 occurred at their school, an early intervention service that delivered ABA educational interventions, while data collection for Participants 3, 4, and 5 occurred at a special school that adhered to an eclectic model of education and intervention. 
Behavioral Recording
	Data were collected on each occurrence of stereotypy. These data included the time of onset and offset of the behavior, the topography of the behavior, the ongoing activity, behavioral intensity, and mood state. Behavioral intensity was rated as either: mild, defined as behaviors that occurred in the absence of vocalizations and involved slow and discrete motor movement; moderate, defined as behaviors that were accompanied by vocalizations which were lower than or of normal speaking volume and/or the accompanying motor movements were loose, not rigid, and the speed and degree of movement approximated that of appropriate motor movements; or severe, defined as behaviors that were accompanied by vocalizations which were notably louder than usual speaking volume and/or the accompanying motor movements were vigorous and quick, and/or markedly rigid. In order to investigate the potential interaction between HR patterns, stereotypy, and mood state suggested by Willemsen-Swinkels et al. (1998), observers assessed and recorded mood state during engagement in stereotypy in the current study utilizing the guidelines outlined by Willemsen-Swinkels and colleagues. Observers thus recorded whether target behaviors occurred during  “elation”, “distress”, or “composure” on the basis of overt signs of emotion including vocalizations, verbal expressions, facial expressions, or behaviors other than the target stereotyped behavior patterns (e.g. tantrum behaviors; see Willemsen-Swinkels et al., 1998). As per Willemsen-Swinkels and colleagues’ guidelines (1998, p. 549) elation involved “laughing or other clear positive facial expressions and the content of verbal or non-verbal communication, like requests for the repetition of an event”, and distress was recorded when “crying, screaming, aggressive actions towards parent or objects, attempts to escape, and negative verbal or nonverbal communicative messages” were observed. Finally, when there were “no clear signs of excitement” mood state was rated as composure. 
	An interobserver was present during two of the five days of data collection for each participant. Interobserver agreement was assessed across the five categories of behavioral recording (i.e., onset time, offset time, ongoing activity, behavioral severity, and mood state). The data recorded for the time of onset and time of offset for each behavior were considered to agree if the recording differed by no more than two seconds. Agreements for the remaining categories were defined as an exact match in the recording of the observers. Interobserver agreement was calculated by dividing the total number of agreements by the total number of opportunities for agreement (i.e., agreements plus disagreements) and was found to be 97.1% (range 0-100%) for Participant 1, 96.5% (range 0-100%) for Participant 2, 93.8% (range 0-100%) for Participant 3, 95.8% (range 0-100%) for Participant 4, and 97.6% (range 40-100%) for Participant 5. 

Heart Rate Recording
	HR recording was conducted using the Polar RS800cx (Polar Electro OY, Kempele, Finland). This device consists of a chest strap and wristwatch. The chest strap is worn around the ribcage where it records the electrical signal of the heart every 1 second. HR data are then transmitted to, and stored by, the wristwatch which was worn either on participants’ wrists (Participants 1, 3, 4, and 5) or attached to the belt loop of their trousers in order to reduce distraction (Participant 2). Physiological monitoring in the current study was conducted in accordance with best practice for the inclusion of children with autism in psychophysiological experiments (see: Kylliainen, Jones, Gomot, Warreyn, & Falck-Ytter, 2014). While these guidelines relate primarily to laboratory-based experiments involving the presentation of experimental stimuli, relevant recommendations including the use of a preliminary desensitization (habituation) period, consultation with parents and teachers about participants’ likely responses to the HR monitor and ways of facilitating their comfort with it, the use of behavioral strategies including positive reinforcement to encourage wearing of the HR monitor, and the reliance on clinically experienced researchers to conduct data collection were incorporated into our methodology. 
	While the use of a single measure of physiological activity has been criticized (Romanczyk & Matthews, 1998), the decision to use a HR measure alone was made on the basis of previous research in the area which has evidenced positive findings with the use of HR measures (e.g., Freeman et al., 1999; Lydon et al., 2013; Willemsen-Swinkels et al., 1998) and consideration of the practical difficulties of applying more than one physiological recording device to participants diagnosed with ASD. Polar HR monitors have been previously used with individuals with ASD (e.g., Freeman et al., 1999; Hodgetts, Magill-Evans, & Misiaszek, 2011; Lydon et al., 2013; Willemsen-Swinkels et al., 1998) and their suitability for recording HR in applied settings has been emphasized (Laukkanen & Virtanen, 1998). Previous research has also demonstrated the reliability of Polar HR monitors, when compared to ECG, to be adequate (Laukkanen & Virtanen, 1998; Terbizan, Dolezal, & Albano, 2002).
Experimental Design and Procedure
	The current study was conducted using a naturalistic design employing systematic observation of each participant as a unit of analysis. Thus, all data were collected in participants’ typical setting and with minimal interference to their usual routines. Participants were habituated to wearing the HR monitor for two days. During this time, a researcher, with a masters level degree in applied behavior analysis, conducted direct observation in order to ascertain that participants’ stereotyped behaviors were automatically reinforced and insensitive to social contingencies of reinforcement. Data collection, including behavioral and HR recording, subsequently occurred across a period of five school days. During this time, participants were fitted with the HR monitor each morning and the observer(s) recorded the occurrence of each target behavior across the day. Observer(s) used a stopwatch, synced each morning with the Polar RS800cx wristwatch to ensure correspondence between the HR and behavioral record, to record the onset and offset of each target behavior. As target behaviors were near-constant in some cases, a 5 second period during which all target behaviors were absent was considered to constitute an end to an occurrence of a target behavior. 
Data Analysis
As participants’ stereotypy occurred at such high frequencies during the data collection period, it was not possible to analyze every single occurrence. For this reason, the data was sampled as follows: every fourth incident of stereotypy during each mood state (i.e., elation, distress, and composure) was analyzed. Exceptions to this were if stereotypy relating to any mood state occurred less than 60 times or if occurrences were rated as being of severe behavioral intensity. In such cases, the HR data for all incidents of stereotypy were analyzed. If data for a sampled incident was missing, then the next incident occurring during the same mood state was analyzed in its place. Finally, incidents that included disagreements in the onset time, offset time, or mood state recorded by observers were excluded from the analysis. 
The association between stereotypy and changes in HR was first assessed for occurrences of stereotypy relating to each mood state individually and for all occurrences of stereotypy following this. The first step of the analysis for each occurrence of stereotypy was to assess for the presence of HR changes surrounding the behavior’s onset in order to determine whether changes in HR may have served as an antecedent for the behavior. To do this, mean HR during the 10 seconds preceding the onset of the behavior was compared to HR during the 10 seconds following the onset of the behavior, or the maximum period possible in cases of shorter occurrences of stereotypy. Any change equivalent to or greater than the SD of the 10 seconds preceding the onset of the behavior was considered to be a significant change (i.e., the episodic measure of HR was considered to deviate significantly from that observed during baseline). The SD of baseline HR was used as a threshold for inferring significant changes as it encapsulates the anticipated spread of typical measures of HR during rest (i.e., the range within which HR could be expected to vary should it not change). Thus, subsequent measures of HR that fell outside the range of baseline ±1 SD were inferred to have deviated significantly away from baseline. For each occurrence of stereotypy, the HR patterns surrounding behavioral onset observed was subsequently categorized as no change (i.e., change in HR is less than or equivalent to the SD of HR during the baseline period), significant increase (i.e., increase in HR that is greater than the value of the SD of HR during the baseline period), or significant decrease (i.e., decrease in HR that is greater than the value of the SD of HR during the baseline period). This analysis was repeated in order to compare HR during the 10 seconds prior to the offset of stereotypy to HR during the 10 seconds following the offset of the behavior in order to identify any HR patterns occurring around the offset of the behavior that may have functioned as reinforcement for the behavior (i.e., increases or decreases in physiological arousal). For this analysis, HR change was interpreted using the SD of the HR measures during the 10 seconds prior to the offset, or the maximum period possible for shorter occurrences of stereotypy. Once again, the HR pattern observed was subsequently categorized as no change, increase, or decrease. Finally, this analysis was performed to assess the shift in HR as a result of the behavior. This involved the comparison of HR level during the 10 seconds prior to the onset of the behavior and HR level during the 10 seconds following the offset of the behavior. HR change was interpreted with regard to the SD of the HR measures during the 10 seconds period prior to the occurrence of the behavior. 
Analyses were conducted for each sampled occurrence allowing for the categorization of HR patterns at onset and offset, and the overall shift in HR level as a result of the occurrence of stereotypy. These analyses were also performed for an equal number of non-occurrences. Non-occurrences were defined as a 30 second period during which no stereotyped behavior was emitted which was preceded and followed by a 30 second period that was also free from occurrences of challenging behavior. These incidents were used as a comparison in order to examine whether the frequency with which the various possible HR patterns occurred deviated from what was observed during non-occurrences of the behavior. Using data from occurrences and non-occurrences, a frequency table was prepared which listed that number of incidents categorized as no change, increase, or decrease for each of the three assessments (i.e., patterns at onset, patterns at offset, overall shift in HR level) for both occurrences and non-occurrences of stereotyped behavior. Following this, a chi square analysis was performed for each assessment point to determine whether the frequency of occurrence of each HR pattern was evenly spread for both occurrences and non-occurrences. For this analysis, we tested against the null hypothesis that no changes, increases, and decreases would occur at similar frequencies. 
Following this, mean HR throughout incidents of stereotypy occurring during composure, elation, and distress mood states was assessed. To achieve this, mean HR was calculated for each 12 second epoch within each occurrence of stereotypy. The mean of all 12 second epochs falling within occurrences of stereotypy during each mood state was subsequently calculated, yielding an overall mean HR for each mood state. Mean HR during each mood state was subsequently graphed for each of the five days of measurement for each participant. Visual inspection was used to determine whether consistency in the level of HR during each mood state across the days of measurement was discernible for each participant. In addition to visual inspection, and to illustrate the nature of the effects, the data for each participant were scrutinized using Analyses of Variance treating each data-point as a separate case. For each participant, these data comprised several hundred individual measures for a sample of n = 1; treating each data-point as a separate case was akin to conducing an ANOVA on a sample of several hundred participants yielding one measure each. This allowed the computation of indicative p-values relating to differences in observations from the different mood states, with which to bolster conclusions drawn from visual inspections. As ANOVA is based on an assumption of independent measures across multiple participants, the resulting p-values should be viewed as analogous to actual statistical significance levels; albeit in a way that benefits from the repeated-measures nature of the dataset.  One-way between subjects ANOVAs with HR as the dependent variable were conducted. Mood state with three levels (i.e., composure, elation, distress) served as the independent variable in these analyses. 

Results
Characteristics of Motor Stereotypy
	Behavioral observation and HR recording took place across 18 hours and 56 minutes for Participant 1. In total, 385 incidents of stereotypy were observed. The duration of all occurrences was 13.2 hours (M= 123.47 seconds, range= 1-1017 seconds), or 69.8% of the total recording time. Of these occurrences, 42.9% were rated as mild, 52.7% were rated as moderate, and 4.4% were rated as severe. Stereotypy occurred most frequently during composure (58.4%; 59.2% of incidents rated as mild, 36.4% rated as moderate, 4.4% rated as severe), followed by elation (30.1%; 24.7% of incidents rated as mild, 74.3% rated as moderate, 0.9% rated as severe), and distress (11.4%; 86.4% of incidents rated as moderate, 13.6% rated as severe).
	Data collection for Participant 2 occurred across 16 hours 51 minutes and 26 seconds. There were 400 occurrences of stereotypy observed. The total duration of stereotypy that occurred was 5.4 hours (M=46.93 seconds, range= 1-711 seconds), or 32% of the total recording time. Occurrences were most frequently rated as moderate (52%), followed by mild (37.8%), and then severe (3.5%). Stereotypy occurred most frequently during elation (60%; 38.6% of occurrences rated as mild, 60.2% rated as moderate, and 1.2% rated as severe), while stereotypy during periods of composure (37.8%; 61.4% of occurrences rated as mild, 34.5% of occurrences rated as moderate, 4.1% of incidents rated as severe) was less frequent, and stereotypy during periods of distress occurred rarely (2.3%; 77.8% of incidents rated as moderate, 22.2% of incidents rated as severe). 
	Data collection for Participant 3 occurred across 18 hours 22 minutes and 35 seconds. In total, 596 occurrences of motor stereotypy were recorded. The total duration of stereotyped behavior was 7 hours 59 minutes and 17 seconds, or 43.5% of the total recording time. The mean duration of an occurrence of stereotypy was found to be 48 seconds (range 0- 2104 seconds). Occurrences were most frequently rated as mild (99%), and less frequently as moderate (1%). Stereotypy most commonly occurred during composure (87.8%; 100% of incidents were mild), followed by elation (9.8%; 100% of incidents were mild), and then distress (2.5%; 53.5% of incidents were rated as mild, 46.7% were rated as moderate). 
	Data collection for Participant 4 occurred across 20 hours 10 minutes and 52 seconds. In total, 436 incidents of stereotypy were recorded. The total duration of stereotypy observed was 8 hours 45 minutes and 11 seconds, or 43.4% of the total recording time. The mean duration of an occurrence was 75 seconds (range 1-1163 seconds). Observer(s) most frequently rated stereotypy as being mild (77.1%) and less frequently as moderate (22.9%). The majority of occurrences took place during composure (68.3%; 91% of incidents were rated as mild, 9% of incidents were rated as moderate), followed by elation (24.1%; 65.8% of incidents were mild, 34.2% of incidents were moderate), and distress (7.6%; 27.3% of incidents were rated as mild, 72.7% of incidents were mild). 
	Data collection for Participant 5 occurred across 19 hours 31 minutes and 4 seconds. In total, 391 occurrences of motor stereotypy were recorded. The total duration of stereotypy observed was 6 hours 36 minutes and 44 seconds, or 33.9% of the total recording time. The mean duration of occurrences was 61 seconds (range 2-685 seconds). Occurrences of stereotypy were most frequently rated as being mild (68.5%), moderate (31.2%), or severe (0.3%). Participant 5 most frequently engaged in stereotypy during periods of composure (60.5%; 89.2% of incidents rated as mild, 10.8% of incidents rated as moderate) or elation (34.5%; 26% of incidents rated as mild, 73.3% of incidents rated as moderate, 0.8% of incidents rated as severe). No occurrences of stereotypy during distress were observed. 

Cardiovascular Data Analysis
	Participant 1’s mean HR was found to be 121.39 bpm (SD= 10.87; range 78-193 bpm). HR patterns surrounding occurrences of stereotypy were examined. The outcomes of this analysis for occurrences of stereotypy during composure are presented in the upper left panel of Table 2. The upper left panels of Table 3 and Table 4 display the data for occurrences of stereotypy during elation and distress respectively. It was not possible to identify any HR pattern, at either onset or offset, or a shift in HR as a result of engagement in stereotypy, that was significantly more likely to be associated with occurrences of stereotypy than with non-occurrences during any of the mood states. HR patterns across all occurrences of stereotypy were subsequently analyzed. The results of this analysis for Participant 1 are presented in the upper left panel of Table 5. An increase in HR at the onset of stereotypy was significantly more likely to occur than at the onset of non-occurrences. Following this analysis, mean HR during occurrences of stereotypy associated with each of the three mood states was examined. The results of this analysis are presented in the upper left panel of Figure 1. Visual analysis suggested that HR was highest during occurrences of stereotypy associated with elation, lower during composure, and lowest during occurrences associated with distress. This finding was explored further using a one-way between subjects ANOVA. This analysis revealed that the differences in mean HR between stereotypy occurring during different mood states, F(2,1899)=84, p=.001, would be statistically significant under appropriate conditions. A Tukey post-hoc test revealed that HR was significantly higher during elation (M=126.31, SD=11.95) than during composure (M=120.72, SD=9.15), p<.001, higher during elation than during distress (M=119.37, SD=7.79), p<.001, and higher during composure than distress, p<.05. 
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	Participant 2’s mean HR was found to be 130.77 bpm (SD= 14.72; range 76-194 bpm). The analysis of HR patterns surrounding stereotypy occurring during composure (see upper middle panel Table 2), elation (see upper middle panel Table 3), and distress (see upper right panel Table 4) failed to reveal any HR patterns that were associated significantly more frequently with occurrences of stereotypy than with non-occurrences. The analysis of HR patterns surrounding all stereotypy (see upper middle panel Table 5) yielded one significant difference between occurrences and non-occurrences; occurrences of stereotypy were significantly more likely to be followed by a decrease at offset than non-occurrences were. Next, mean HR during stereotypy occurring during each mood state for Participant 2 was analyzed and is presented in the upper middle panel of Figure 1. Visual inspection suggested that HR was variable during occurrences for each mood state, although HR appeared to be consistently higher during elated occurrences than during those occurring during composure and distress. The exploration of this data using a one-way between-subjects ANOVA suggested that, under appropriate conditions, there would be a statistically significant difference in mean HR between stereotypy occurring during the different mood states, F(2,796)=23.86, p=.001. A Tukey post-hoc test revealed that HR was significantly higher, p<.001, during elation (M=136.4, SD=15.98) than during composure (M=128.92, SD=10.08) and significantly higher during distress (M=139.03, SD= 14.46) than composure, p<.001. There were no significant differences in HR during distress and elation. 
	Participant 3’s mean HR was found to be 90.33 bpm (SD= 13.31; range 63-223 bpm). The analysis of HR patterns associated with stereotypy occurring during each of the mood state revealed no patterns that were significantly more likely to occur during incidents of stereotypy during distress (see upper right panel Table 4). However, it was observed that it was significantly more likely for HR increases or decreases to occur at the offset of occurrences of stereotypy during composure than it was for non-occurrences of stereotypy (see upper right panel Table 2). Furthermore, the offset of occurrences of stereotypy observed during elation were significantly more frequently followed by HR decreases than was observed during non-occurrences (see lower left panel Table 3). The analysis of HR patterns co-occurring with all occurrences of stereotypy revealed that a decrease in HR post-offset was significantly more frequent with non-occurrences (similar to Participant 2). Finally, Participant 3’s mean level of HR during occurrences of stereotypy associated with composure, elation, and distress is depicted in the upper right panel of Figure 1. Visual analysis suggested HR was typically highest during elated occurrences and lower during occurrences associated with composure or distress. Exploration of this data using a one-way between-subjects ANOVA revealed that, were the assumptions of the ANOVA met, the differences observed through visual analysis would be highly statistically significant, F(2,1416)=21.25, p=.001. A Tukey post-hoc test revealed that HR was significantly higher during elation (M=94.43, SD=13.74) than during composure (M= 89.19, SD=10.64), p<.001, higher during elation than during distress (M=89.08, SD=9.1), and did not differ between distress and composure. 
 	Participant 4’s mean HR was found to be 118.5 bpm (SD= 20.6; range 69-194 bpm). For Participant 4, there were no HR patterns that were consistently associated with stereotypy during composure (see lower left panel Table 2), elation (see lower left panel Table 3), or distress (see lower right panel Table 4); the frequency of occurrence of the various HR patterns at onset, offset, and the change in physiological arousal as a result of stereotypy, did not deviate significantly from the frequency of those patterns during non-occurrences of stereotypy. The analysis of HR patterns across all occurrences of stereotypy yielded one significant difference for Participant 4; an overall decrease in HR as a result of engagement in stereotypy was more frequently associated with occurrences than non-occurrences. The outcomes of the analysis of HR level during the various mood states are presented in the lower left panel of Figure 1. Visual inspection revealed HR was highest during occurrences of stereotypy during elation and lower during composure and distress. A one-way between-subjects ANOVA revealed that, if the assumptions of ANOVA were met, a statistically significant difference in mean HR between stereotypy occurring during different mood states, F(2,11294)=433.79, p<.001, would be observed. A Tukey post-hoc test revealed that HR was significantly higher during elation (M=136.11, SD=23.61) than during composure (M= 114.29, SD=17.51), p<.001, higher during elation than during distress (M=97.9, SD=10.19), and higher during composure than during distress, p<.001.
	Participant 5’s mean HR was found to be 109.7 bpm (SD= 17.5; range 60-193 bpm). The analysis of HR patterns associated with occurrences of stereotypy revealed two significant findings. First, as can be seen in the lower right panel of Table 2, occurrences of stereotypy associated with composure were significantly less frequently preceded by stable HR than non-occurrences were. Second, occurrences of stereotypy associated with elation were significantly more likely to result in a decrease in HR than non-occurrences were (see lower right panel Table 3). For Participant 5, the analysis of HR patterns associated with all occurrences of stereotypy indicated that non-occurrences were significantly more likely to be associated with stable HR at onset than were occurrences of stereotypy. Participant 5’s level of HR during stereotypy was also analyzed (see lower middle panel Figure 1). Visual inspection suggested that HR was higher during elation that during occurrences associated with composure. As there were no occurrences of distressed stereotypy, these data were not further investigated via ANOVA. 
Discussion
	The current study aimed to investigate the relationship between HR and motor stereotypy in individuals with autism. The results are suggestive of little relationship between these variables for four of the participants who each presented with high frequency repetitive behaviors that functioned as automatic reinforcement. These findings are in contrast with the results of previous research and have important implications for the further study of the association between physiological activity and stereotypy in this population. The findings regarding mean HR during various mood states may also make an important contribution to our knowledge of physiological functioning in autism. 
	The results of the current study regarding the association, or lack thereof, between motor stereotypy and physiological activity are in contrast with a number of previous research studies in this area (Hutt et al., 1975; Lydon et al., 2013; Sroufe et al., 1973; Willemsen-Swinkels et al., 1998) and are an important contribution to the extant body of literature in this area. Other researchers (e.g., Matson et al., 2000) have previously emphasized the importance of publishing non-significant findings and treatment failures in order to best inform clinicians and future research in the area. While studies have differed in the nature of the relationship observed between these variables (i.e., whether stereotypy is arousal-inducing or de-arousing), all have identified some correlation between the two variables. In the current study, there was little evidence to suggest that changes in HR functioned as an antecedent to, or reinforcing consequence of stereotypy, for most of the participants. The analysis of all occurrences of stereotypy for each participant did yield a number of significant findings including: the greater likelihood of HR increases at onset of occurrences of stereotypy (Participant 1); the greater likelihood of a HR decrease at the offset of stereotypy (Participants 2 and 3), and the overall decrease in HR as a result of stereotypy (Participant 4). However, these patterns, while occurring significantly more frequently during occurrences of stereotypy than non-occurrences, were not highly consistent within participants, and certainly not across participants as reported in previous studies (e.g., Lydon et al., 2013; Willemsen-Swinkels et al., 1998), nor did they differ according to participant mood state as in Willemsen-Swinkels et al. (1998). Some of these patterns may be attributable to expected HR activity surrounding movement (i.e., a HR increase at the onset of movement, a decrease in HR following the cessation of movement) while others are less easily explained. For example, Participant 4’s stereotypy was significantly more likely to result in an overall decrease in HR (i.e., decrease in HR from pre-stereotypy levels to post-stereotypy levels). In this case, it is possible that stereotypy functioned as an arousal reduction mechanism for this participant and this finding may inform direct intervention to reduce or eliminate stereotypy. For example, intervention focused on teaching the participant alternative appropriate arousal reduction techniques, such as relaxation skills or functional communication skills to request a low arousal environment, may result in a reduction in engagement in stereotypy. 
	Our findings highlight the need for the further research and elucidation of automatic reinforcement processes. Scholars have noted that the concept of automatic reinforcement is problematic and of limited usefulness for treatment development (Cunningham & Schreibman, 2008; LeBlanc et al., 2000; Vollmer, 1994). While previous research has suggested that changes in physiological arousal may act as a reinforcing consequence for motor stereotypy (e.g., Lydon et al., 2013; Sroufe et al., 1973; Willemsen-Swinkels et al., 1998), the current study suggests that alterations in physiological arousal do not appear to be the source of automatic reinforcement in all cases of motor stereotypy. Given the difficulties associated with the treatment of stereotyped behavior in autism, and the negative consequences of engagement in such behavior, there is a need for further research that isolates and identifies the precise source and nature of the “automatic” reinforcement produced by these behaviors.
Our findings also call into question the utility of the addition of measures of physiological activity to assessments of stereotyped motor behaviors. The current study offers clinicians an accessible and straightforward protocol for data collection and analysis but offers little support for the utility of such analyses for most individuals with autism and stereotyped behavior. However, given the sizable body of prior research linking physiological activity and motor stereotypy (e.g., Gabriels et al., 2013; Sroufe et al., 1973; Lydon et al., 2013; Lydon et al., 2015; Willemsen-Swinkels et al., 1998) along with the findings of the current study regarding Participant 4’s stereotypy, such analyses must not be completely discounted. Instead, future research should endeavor to identify the most appropriate target behaviors, individuals, and methodologies for such analyses. 
An interesting finding emerging from the current study was the observation that mean HR during distress was typically lower than mean HR during elation. This is surprising given that stress is typically associated with increased HR, as is elation (Pressman & Cohen, 2005). Further, for these participants, behavioural severity appeared more uniformly high (i.e., moderate or severe rather than mild) across occurrences of stereotypy associated with distress than across occurrences that were associated with composure or elation suggesting that the intensity or vigour of the behaviours do not explain the differences in HR observed across mood states. Previously, Lydon et al. (2013) reported that a participant in their study showed low HR during occurrences of self-injury and tantrum behaviors although the behaviors were evoked by a stressor. In the current study, indicators of participant distress included crying, tantrum behaviors, negative verbal comments, attempts to escape the situation, and negative facial expressions. With the exception of Participant 5, all participants were noted to be distressed on numerous occasions during the recording period in response to a variety of stimuli or apparently stressful contexts including the removal of preferred tangibles, the introduction of academic demand, the presence of noise or aversive auditory stimuli, known high-anxiety contexts, and the non-reinforcement of requests.  Such observations of an overt distress response in the absence of a co-occurring physiological response warrant further consideration and research. Goodwin et al. (2006) previously observed under-responsivity to stressors among individuals with autism. However, in Goodwin et al.’s study, participants with autism appeared hyper-aroused (i.e., had a high resting HR) which was not the case in the current study. Jansen et al. (2006) have suggested that a reduced stress response in ASD might be the result of years of chronic stress that leads to the down-regulation of the central nervous system, a difficult hypothesis to confirm or refute. Alternatively, this finding could be indicative of a blunted physiological response to stress among persons with autism.
	While research has focused predominantly on those who exhibit increased, or exaggerated, reactivity to stressors and the negative outcomes of this, there is growing research interest in those who fail to respond physiologically to stressors and the implications of this (Ginty, 2013; Phillips, Ginty, & Hughes, 2013). Cardiovascular blunting has been defined as “an empirically demonstrable cardiovascular response pattern which is comparatively lower than that seen during typical states of homeostatic function during stress” (Phillips et al., 2013, p.2), and is associated with neural hypo-activation (Ginty, Gianaros, Derbyshire, Phillips, & Carroll, 2013). A number of explanations for physiological blunting have been put forward; these include the suggestion that blunted physiological reactivity is an outcome of lower awareness or reduced perception of the stressor, that blunting may be an outcome of early life stress, or that physiological blunting may be the result of dysregulation in the areas of the brain responsible for motivation (Phillips et al., 2013). Research with typically developing persons has also shown that reduced physiological responsivity is associated with lower cognitive ability (Ginty, Phillips, Roseboom, Carroll, & Derooij, 2012) and it is possible this may mediate physiological reactivity in autism. Currently, research on physiological reactivity to stressors among persons with autism (for a review, see: Lydon et al. 2014) has focused on higher-functioning individuals and found that both under- and over-reactivity are relatively common as compared to among typically developing controls. In the current study, participants had co-occurring intellectual disabilities or below-average intellectual functioning that may have impacted upon their physiological responsivity by reducing awareness or understanding of the stressor (Phillips et al., 2013). A number of studies have identified differences in baseline physiological functioning among persons with autism by level of cognitive functioning (e.g., Putnam, Lopata, Thomeer, Volker, & Rodgers, in press; Tordjman et al., 2014) and future research examining physiological reactivity among low- and high-functioning individuals with autism may provide us with greater understanding of the impact of cognitive ability on physiological reactivity. It is important to note, however, that physiological blunting may not be a wholly negative or undesirable reaction; Phillips et al. (2013) propose that this physiological non-response may be associated with better short-term coping, stress management, or communication and social interaction. The investigation of the possible benefits of physiological non-response to stressors among persons with autism would be of much interest. 
	The current study had a number of limitations. The reliance upon an indirect functional assessment tool to determine that participants’ motor stereotypy was primarily non-socially mediated may be criticized. While the QABF has been demonstrated to be a valid measure of behavioral function among persons with autism (Healy, Brett, & Leader, 2013), it is possible that an experimental functional analysis would have yielded different information regarding the function of participants’ behavior. Future research may aim to examine the utility of measures of physiological activity during experimental functional analyses. Such methodologies would allow for the more accurate assessment of behavioral function and would also allow for the examination of physiological patterns associated with specific behavioral functions. 
The study may also be criticized for a failure to control for variables, other than medication usage and medical diagnoses, which may have impacted on participants’ HR (e.g., movement, external environmental activities). However, it must be emphasized that research such as that reported here must be conducted in as naturalistic a manner as possible in order to ensure the behavior under assessment is not altered or changed by the assessment. In this case, it is suggested that greater control of external variables such as activities in which the child participated during the data collection period may have impacted upon the behaviors under assessment. While controlling for these variables would have in one manner increased the certainty with which we could state HR findings were related to stereotypy, it may also have reduced the extent to which we could assert that the occurrences of stereotypy recorded were representative of those occurring day to day. The findings highlighted in the current study (e.g., the possible relation between HR and stereotypy identified for Participant 4, and lowered HR during distress) were also considered in the context of other variables that may have impacted upon HR. However, we suggest that other variables are unlikely to account for the consistent decrease in HR resulting from stereotypy as was observed for Participant 4 given that stereotyped behavior involves movement which typically increases HR. Similarly, the distribution of occurrences of stereotypy rated as mild, moderate, or severe across the mood states, suggested that behavioral intensity, or the degree of movement associated with stereotypy, was unlikely to explain the findings of lowered HR during distress. Future research studies may wish to evaluate more rigorous means of controlling for extraneous variables, without impacting on the behavior under assessment, than those employed in the current study. 
The use of a single measure of physiological activity, HR, in the current study may also be considered a limitation. HR is labile and influenced by many factors including movement, environmental conditions, and mental or emotional state (Palatini, 2009). While previous research has successfully identified a relationship between HR and stereotypy using only a measure of HR (e.g., Lydon et al., 2013; Sroufe et al., 1973; Willemsen-Swinkels et al., 1998), the usage of multiple measures of physiological activity during research studies of this nature has been recommended (Cohen, Yoo, Goodwin, & Moskowitz, 2011; Romanczyk & Matthews, 1998). Future research studies may wish to employ multiple measures of physiological activity in order to better our understanding of how physiological activity and stereotypy may be related among persons with autism. 
	Finally, the method of data analysis in the current study may be critiqued. Visual inspection of the participants’ data suggested that HR level during distress was notably lower than HR during elation, and similar to HR during composure. While the use of statistical analysis for data originating from single-subject research designs can only ever be tentative (Baer, 1977; Michael, 1974), the use of one-way between subject ANOVAs in the present study helped to corroborate what was apparent from visual inspection. The data from each ANOVA arose from single individuals, and so violated the assumption of true independence of observations. However, ANOVA is somewhat robust against violations of assumptions, and in the present study there was the opportunity to corroborate any tentative finding by deploying the procedure in an exploratory manner across four separate participants. Doing so revealed distinct and recurring patterns of statistical significance in three of the four participants, consistent with the conclusions drawn from visual inspection. The fact that the significance and direction of these effects were the same across three participants supports the conclusion that the effects seen were in fact meaningful, rather than solely being errors that arise from violations of ANOVA assumptions.
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Table 1
Topographies and Operational Definitions for the Stereotypy of all Participants 
	Topography
	Operational Definition
	P1
	P2
	P3
	P4
	P5

	Head Stereotypy
	
	
	
	
	
	

	Chin pushing
	raising chin upwards with fingers or palm
	
	
	
	
	

	Ear pressing or covering
	pressing one finger into one or both ears, or pressing fist or open palms against both ears simultaneously
	
	
	
	
	

	Face covering
	placing hands flat against eyes or face
	
	
	
	
	

	Facial Grimacing
	scrunching or contorting of the face or nose
	
	
	
	
	

	Hair rubbing
	grasping, rubbing, or tugging on hair
	
	
	
	
	

	Head nodding
	moving head up and down quickly without communicative intent
	
	
	
	
	

	Head shaking
	turning head from side to side quickly without communicative intent
	
	
	
	
	

	Repetitive Teeth Movements
	clenching or rubbing of teeth together or engagement in functionless, repetitive biting movements with teeth.
	
	
	
	
	

	Teeth touching
	pressing one or more fingers against teeth
	
	
	
	
	

	Tongue movements
	curling tongue and pushing it through pursed lips or pushing tongue out of mouth and letting it hang over lips
	
	
	
	
	

	Hand and Finger Stereotypy
	
	
	
	
	
	

	Finger sucking
	placing finger in mouth and closing lips around it
	
	
	
	
	

	Hand clapping
	hitting hands eith together, while flat or in fists, or on a surface
	
	
	
	
	

	Hand flapping
	moving one or both hands up and down quickly
	
	
	
	
	

	Hand squeezing
	grasping or squeezing one hand within the other
	
	
	
	
	

	Hand pressing
	Pushing palms together forcibly
	
	
	
	
	

	Hand rubbing
	brushing hands together or rubbing skin, body parts, or objects with open palm(s)

	
	
	
	
	

	Lip pressing
	pushing finger against lips
	
	
	
	
	

	Repetitive finger movements
	clenching fingers together,  wiggling fingers, tapping nose or other objects with fingers.

	
	
	
	
	

	Skin and nail picking
	pulling or digging at skin on fingers, pulling under fingernails with other fingernail or object, biting and pulling skin on fingers

	
	
	
	
	

	Skin pulling
	clenching skin between fingers and tugging it out of place can be skin anywhere on body including near eyes
	
	
	
	
	

	Body Stereotypy
	
	
	
	
	
	

	Body bouncing
	moving up and down quickly while standing, seated, or moving.
	
	
	
	
	

	Body rocking
	tilting body backwards and forwards in fast or slow motion
	
	
	
	
	

	Body writhing
	contorting body into atypical positions or writhing body
	
	
	
	
	

	Jumping
	leaping of the ground when walking or running.
	
	
	
	
	

	Limb swinging
	moving limbs (either arms or legs) back and forth quickly
	
	
	
	
	

	Pacing
	walking or running back and forth in the same steps
	
	
	
	
	

	Repetitive foot movements
	swinging feet while sitting, stamping feed on the ground
	
	
	
	
	

	Shoulder shrugging
	moving shoulders up and down quickly
	
	
	
	
	

	Stereotyped object manipulation
	squeezing or repetitively tapping objects
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Table 2.
Heart rate patterns associated with occurrences of stereotypy during composure for Participant 1 (upper left panel), Participant 2 (upper middle panel), Participant 3 (upper right panel), Participant 4 (lower left panel), and Participant 5 (lower right panel).
	Participant 1
	Participant 2
	Participant 3

	
	Occurrences of Stereotypy (n=61)
	Non-occurrences of Stereotypy (n=61)
	
	Occurrences of Stereotypy (n=38)
	Non-occurrences of Stereotypy (n=38)
	
	Occurrences of Stereotypy (n=130)
	Non-occurrences of Stereotypy (n=130)

	 Onset
	Onset
	
	
	Onset
	
	

	No change
	n=23
	n=34
	No change
	n=21
	n=23
	No change
	n=61
	n=65

	Increase
	n=21
	n=14
	Increase
	n=10
	n=7
	Increase
	n=38
	n=32

	Decrease
	n=17
	n=13
	Decrease
	n=7
	n=8
	Decrease
	n=31
	n=33

	Χ2(2)=4.06, p=.13
	Χ2(2)=0.69, p=.71
	Χ2(2)=0.70, p=.70

	Offset
	
	
	Offset
	
	
	Offset
	
	

	No change
	n=25
	n=21
	No change
	n=14
	n=20
	No change
	n=40
	n=67

	Increase
	n=13
	n=20
	Increase
	n=10
	n=8
	Increase
	n=44
	n=38

	Decrease
	n=23
	n=20
	Decrease
	n=14
	n=10
	Decrease
	n=46
	n=25

	Χ2(2)=2.04, p=.36
	Χ2(2)=2.04, p=.36
	Χ2(2)=13.46, p<.001 (more likely to be no change at offset of non-occurrences)

	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy

	No change
	n=21
	n=30
	No change
	n=18
	n=17
	No change
	n=50
	n=51

	Increase
	n=23
	n=17
	Increase
	n=6
	n=8
	Increase
	n=44
	n=45

	Decrease
	n=17
	n=14
	Decrease
	n=14
	n=13
	Decrease
	n=36
	n=34

	Χ2(2)=2.78, p=.25
	Χ2(2)=2.78, p=.25
	Χ2(2)=0.34, p=.84

	Participant 4
	Participant 5

	
	Occurrences of Stereotypy (n=75)
	Non-occurrences of Stereotypy (n=75)
	
	Occurrences of Stereotypy (n=65)
	Non-occurrences of Stereotypy (n=65)

	 Onset
	 Onset

	No change
	n=32
	n=42
	No change
	n=25
	n=40

	Increase
	n=21
	n=17
	Increase
	n=20
	n=14

	Decrease
	n=22
	n=16
	Decrease
	n=20
	n=11

	Χ2(2)=2.72, p=.26
	Χ2(2)=7.1, p=.03 (more likely to be no change before non-occurrences)

	Offset
	Offset

	No change
	n=30
	n=33
	No change
	n=29
	n=35

	Increase
	n=23
	n=22
	Increase
	n=19
	n=11

	Decrease
	n=22
	n=20
	Decrease
	n=17
	n=19

	Χ2(2)=0.26, p=.88
	Χ2(2)=2.81, p=.25 

	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy

	No change
	n=32
	n=35
	No change
	n=30
	n=27

	Increase
	n=25
	n=24
	Increase
	n=15
	n=19

	Decrease
	n=18
	n=20
	Decrease
	n=20
	n=19

	Χ2(2)=0.27, p=.87
	Χ2(2)=0.65, p=.72


Note. n refers to the number of occurrences of stereotypy or number of non-occurrences of stereotypy.

Table 3.
Heart rate patterns associated with occurrences of stereotypy during elation for Participant 1 (upper left panel), Participant 2 (upper middle panel), Participant 3 (upper right panel), Participant 4 (lower left panel), and Participant 5 (lower right panel).
	Participant 1
	Participant 2
	Participant 3

	
	Occurrences of Stereotypy (n=36)
	Non-occurrences of Stereotypy (n=36)
	
	Occurrences of Stereotypy (n=66)
	Non-occurrences of Stereotypy (n=66)
	
	Occurrences of Stereotypy (n=41)
	Non-occurrences of Stereotypy (n=41)

	 Onset
	Onset
	
	
	Onset
	
	

	No change
	n=12
	n=11
	No change
	n=19
	n=32
	No change
	n=13
	n=20

	Increase
	n=18
	n=10
	Increase
	n=32
	n=20
	Increase
	n=22
	n=11

	Decrease
	n=6
	n=15
	Decrease
	n=15
	n=14
	Decrease
	n=6
	n=10

	Χ2(2)=6.19, p=.05
	Χ2(2)=1.48, p=.48
	Χ2(2)=0.70, p=.70

	Offset
	
	
	Offset
	
	
	Offset
	
	

	No change
	n=15
	n=18
	No change
	n=31
	n=41
	No change
	n=9
	n=21

	Increase
	n=6
	n=11
	Increase
	n=9
	n=13
	Increase
	n=7
	n=10

	Decrease
	n=15
	n=7
	Decrease
	n=26
	n=12
	Decrease
	n=25
	n=10

	Χ2(2)=4.65, p=.10
	Χ2(2)=2.04, p=.36
	Χ2(2)=16.21, p<.001 (more likely to be no change at offset of non-occurrences)

	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy

	No change
	n=11
	n=13
	No change
	n=25
	n=29
	No change
	n=15
	n=13

	Increase
	n=15
	n=10
	Increase
	n=18
	n=17
	Increase
	n=8
	n=17

	Decrease
	n=10
	n=13
	Decrease
	n=23
	n=20
	Decrease
	n=18
	n=11

	Χ2(2)=1.56, p=.46
	Χ2(2)=0.53, p=.77
	Χ2(2)=0.34, p=.84

	Participant 4
	Participant 5

	
	Occurrences of Stereotypy (n=35)
	Non-occurrences of Stereotypy (n=35)
	
	Occurrences of Stereotypy (n=38)
	Non-occurrences of Stereotypy (n=38)

	 Onset
	 Onset

	No change
	n=15
	n=16
	No change
	n=10
	n=22

	Increase
	n=5
	n=12
	Increase
	n=20
	n=11

	Decrease
	n=15
	n=7
	Decrease
	n=8
	n=5

	Χ2(2)=2.72, p=.26
	Χ2(2)=5.8, p=.05

	Offset
	Offset

	No change
	n=19
	n=19
	No change
	n=17
	n=24

	Increase
	n=7
	n=7
	Increase
	n=7
	n=9

	Decrease
	n=9
	n=9
	Decrease
	n=14
	n=5

	Χ2(2)=0.26, p=.88
	Χ2(2)=5.71, p=.06

	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy

	No change
	n=4
	n=13
	No change
	n=10
	n=15

	Increase
	n=8
	n=13
	Increase
	n=20
	n=14

	Decrease
	n=23
	n=9
	Decrease
	n=8
	n=9

	Χ2(2)=0.08, p=.96
	Χ2(2)=12.08, p=.002 (more likely to be an overall decrease for occurrences)


Note. n refers to the number of occurrences of stereotypy or number of non-occurrences of stereotypy.

Table 4.
 Heart rate patterns associated with occurrences of stereotypy during distress for Participant 1 (upper left panel), Participant 2 (upper right panel), Participant 3 (lower left panel), and Participant 4 (lower right panel.

	Participant 1
	Participant 2

	
	Occurrences of stereotypy (n=42)
	Non-occurrences of stereotypy (n=42)
	
	Occurrences of stereotypy (n=9)
	Non-occurrences of stereotypy (n=9)

	Onset
	
	
	Onset
	
	

	No Change
	n=14
	n=18
	No Change
	n=6
	n=4

	Increase
	n=21
	n=15
	Increase
	n=3
	n=3

	Decrease
	n=7
	n=9
	Decrease
	n=0
	n=2

	Χ2(2)=1.75, p=.42
	Χ2(2)=2.4, p=.53

	Offset
	
	
	Offset
	
	

	No Change
	n=14
	n=22
	No Change
	n=2
	n=4

	Increase
	n=11
	n=7
	Increase
	n=3
	n=1

	Decrease
	n=17
	n=13
	Decrease
	n=4
	n=4

	Χ2(2)=3.2, p=.20
	Χ2(2)=1.67, p=.44

	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy

	No Change
	n=11
	n=11
	No Change
	n=4
	n=4

	Increase
	n=14
	n=14
	Increase
	n=3
	n=2

	Decrease
	n=17
	n=17
	Decrease
	n=2
	n=3

	Χ2(2)=0, p=1
	Χ2(2)=0.40, p=.82

	Participant 3
	Participant 4

	
	Occurrences of stereotypy (n=15)
	Non-occurrences of stereotypy (n=15)
	
	Occurrences of stereotypy (n=33)
	Non-occurrences of stereotypy (n=33)

	Onset
	
	
	Onset
	
	

	No Change
	n=8
	n=7
	No Change
	n=13
	n=10

	Increase
	n=6
	n=6
	Increase
	n=6
	n=11

	Decrease
	n=1
	n=2
	Decrease
	n=14
	n=12

	Χ2(2)=0.40, p=.81
	Χ2(2)=2.02, p=.37

	Offset
	
	
	Offset
	
	

	No Change
	n=7
	n=6
	No Change
	n=19
	n=19

	Increase
	n=4
	n=2
	Increase
	n=7
	n=9

	Decrease
	n=4
	n=7
	Decrease
	n=7
	n=5

	Χ2(2)=1.56, p=.46
	Χ2(2)=0.58, p=.81

	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy

	No Change
	n=7
	n=2
	No Change
	n=9
	n=13

	Increase
	n=3
	n=7
	Increase
	n=10
	n=11

	Decrease
	n=5
	n=6
	Decrease
	n=14
	n=9

	Χ2(2)=4.47, p=.11
	Χ2(2)=1.86, p=.39


Note. n refers to the number of occurrences of stereotypy or number of non-occurrences of stereotypy.

Table 5.
Heart rate patterns associated with occurrences of stereotypy for Participant 1 (upper left panel), Participant 2 (upper middle panel), Participant 3 (upper right panel), Participant 4 (lower left panel), and Participant 5 (lower right panel).
	Participant 1
	Participant 2
	Participant 3

	
	Occurrences of Stereotypy (n=139)
	Non-occurrences of Stereotypy (n=139)
	
	Occurrences of Stereotypy (n=113)
	Non-occurrences of Stereotypy (n=113)
	
	Occurrences of Stereotypy (n=186)
	Non-occurrences of Stereotypy (n=186)

	 Onset
	Onset
	
	
	Onset
	
	

	No change
	n=49
	n=63
	No change
	n=46
	n=59
	No change
	n=82
	n=92

	Increase
	n=60
	n=39
	Increase
	n=45
	n=30
	Increase
	n=66
	n=49

	Decrease
	n=30
	n=37
	Decrease
	n=22
	n=24
	Decrease
	n=38
	n=45

	Χ2(2)=6.94, p<.05 (more likely to be an increase at onset of occurrences)
	Χ2(2)=4.7, p=.10
	Χ2(2)=3.68, p=.16

	Offset
	
	
	Offset
	
	
	Offset
	
	

	No change
	n=54
	n=61
	No change
	n=47
	n=63
	No change
	n=56
	n=94

	Increase
	n=30
	n=38
	Increase
	n=22
	n=24
	Increase
	n=55
	n=50

	Decrease
	n=55
	n=40
	Decrease
	n=44
	n=26
	Decrease
	n=75
	n=42

	Χ2(2)=3.74, p=.15
	Χ2(2)=7.04, p<.05 (more likely to be decrease at offset at offset of occurrences)
	Χ2(2)=19.17, p<.001 (more likely to be decrease at offset of occurrences)

	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy

	No change
	n=43
	n=54
	No change
	n=47
	n=50
	No change
	n=72
	n=66

	Increase
	n=52
	n=41
	Increase
	n=27
	n=27
	Increase
	n=55
	n=69

	Decrease
	n=44
	n=44
	Decrease
	n=39
	n=36
	Decrease
	n=59
	n=51

	Χ2(2)=2.55, p=.28
	Χ2(2)=0.21, p=.9
	Χ2(2)=2.42, p=.3

	Participant 4
	Participant 5

	
	Occurrences of Stereotypy (n=143)
	Non-occurrences of Stereotypy (n=143)
	
	Occurrences of Stereotypy (n=103)
	Non-occurrences of Stereotypy (n=103)

	 Onset
	 Onset

	No change
	n=60
	n=68
	No change
	n=35
	n=62

	Increase
	n=32
	n=40
	Increase
	n=40
	n=25

	Decrease
	n=51
	n=35
	Decrease
	n=28
	n=16

	Χ2(2)=4.37, p=.11
	Χ2(2)=14.25, p=.001 (more likely to be no change at onset of non-occurrences)

	Offset
	Offset

	No change
	n=68
	n=71
	No change
	n=46
	n=59

	Increase
	n=37
	n=38
	Increase
	n=26
	n=20

	Decrease
	n=38
	n=34
	Decrease
	n=31
	n=24

	Χ2(2)=0.30, p=.86
	Χ2(2)=3.28, p=.19

	Overall change in physiological arousal due to stereotypy
	Overall change in physiological arousal due to stereotypy

	No change
	n=45
	n=61
	No change
	n=40
	n=42

	Increase
	n=43
	n=48
	Increase
	n=35
	n=33

	Decrease
	n=55
	n=34
	Decrease
	n=28
	n=28

	Χ2(2)=7.65, p<.05 (more likely to be an overall decrease associated with occurrences)
	Χ2(2)=0.11, p=.95 


Note. n refers to the number of occurrences of stereotypy or number of non-occurrences of stereotypy.


Figure 1. Mean heart rate patterns during occurrences of stereotypy during each mood state for Participant 1 (upper left panel), Participant 2 (upper middle panel), Participant 3 (upper right panel), Participant 4 (lower left panel), and Participant 5 (lower middle panel).
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