

1







Characterizing sleep-wake cycles in dogs (Canis lupus familiaris) using daytime activity levels, sex, and temperament: a longitudinal comparison 

Emily Sandberg
Under the supervision of Dr. Brian Hare 
Committee: Dr. Brian Hare, Dr. Joseph Feldblum, Dr. Leslie Digby

Honors thesis submitted in partial fulfillment of the requirements for graduation with Distinction in Evolutionary Anthropology in Trinity College of Duke University 

Duke University 
Durham, North Carolina 
April 2024 





Abstract
Across many species, sleep patterns are associated with variables such as age, sex, daytime activity levels, and temperament. Yet, current research lacks an in-depth characterization of dog sleep patterns and how they vary according to these variables during the critical developmental period of young puppyhood. Such studies are crucial in order to establish dogs as a model organism for studies of sleep and for additional applications in the realms of dog welfare and training. In the present study, we characterized how often and for how long young dogs wake, as well as their barking patterns during sleep. We evaluated sleep behaviors for dogs aged 8-18 weeks and determined longitudinal patterns using a sample of Canine Companions service-dogs-in-training (N=21). Video recordings of dogs were analyzed using a novel coding scheme to determine duration and frequency of awake bouts and barking. Mixed-effects logistic regression models reveal that awake-bout length (minutes) and frequency did not vary significantly by weeks of age, daytime activity levels, or temperament. However, we did find significant sex differences in awake bout length (p<0.009). These results suggest distinct daytime and nighttime temperaments, as well as the importance of this developmental period for developing adultlike sleep patterns. Further study is required to examine sleep behaviors in puppies beyond 18-weeks to better understand how adultlike patterns emerge and the stability of the patterns observed in this study. 
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Animal species are known to vary in their activity patterns, including patterns of sleep and any associated sleep behaviors. Much of this variation is likely generated by a particular species’ ecological context (Capellini, Barton, McNamara, Preston, & Nunn, 2008). Thus, even between evolutionarily close relatives, two given species may exhibit different behavioral patterns related to sleep (Jean-Joseph et al. 2022), such as differences in vocalizations (i.e., barking) during the night or the frequency of wakeful bouts during sleep. Understanding this variation in sleep between species is therefore relevant for potentially determining the evolutionary mechanisms behind the sleep behaviors across the animal kingdom. 	Comment by Emily Sandberg: I may just be uneducated about the topic, but I am a little unclear what vocalizations mean in regards to sleeping (like a sort of snoring or noises like while dreaming?)	Comment by Leslie Digby, Ph.D.: Agreed that this requires a bit more explanation. You want to keep this first paragraph fairly general and short, so consider something like “…such as differences in wakeful bouts during sleep”.  You can come back to other measures later
One behavioral aspect of key importance to sleep is an animal’s temperament, which we operationally define as a stable, predetermined aspect of personality, including the levels of reactivity an individual exhibits (Jones and Gosling 2005). Sleep and temperament are associated in human infants, human adolescents, and mammals (Hayes et al. 2011; Moore et al. 2011; Morales-Munoz et al. 2020; O’brien and Gozal 2004), such that temperament-- one’s level of reactivity or fearfulness-- is often predictive of sleep patterns. Yet, research has yet to explore this relationship in canine species. 	Comment by Leslie Digby, Ph.D.: As written – this suggests that temperament is a consequence of sleep. Is that what you mean. In your research is seems that you’re using temperament as a predictor of sleep. I realize those two things aren’t mutually exclusive, but isn’t temperament meant to be something more long-term (and perhaps species specific) and not a consequence of current environment? Temper on the other hand….  You definitely want to introduce temperament, but maybe in a separate sentence on the things that can impact sleep.

Also – I’m on the fence about whether or not references to health consequences belong in this paragraph. It’s important, but not something you’ll be studying. Could be covered in a later paragraph on the importance of the research?	Comment by Leslie Digby, Ph.D.: good
Activity levels during the day are also understood to impact sleep behaviors across many species, including dogs and humans (Schork et al. 2022; Bunford et al. 2018). Two primary hypotheses on this relationship between activity and sleep exist: those who are more active during the day are generally more active and sleep less, or conversely, those who are more active during the day require more sleep to account for this increased activity (Pesonen et al. 2011; Schork et al. 2022). Studies of animal welfare have used this relationship between activity and sleep to advocate for pre-sleep activity as a key element of animal wellness, as very low activity levels are associated with less high-quality REM sleep and generally less effective sleep. However, this relationship is somewhat reciprocal, with low levels of quality sleep contributing to subsequent low levels of activity during the day. Thus, this creates a cycle of generally poor sleep hygiene and welfare for individuals (Schork et al. 2022), making activity an essential predictor to explore alongside sleep behaviors.    
 The Canis genus contains species that are closely related yet strikingly different in their energetic and ecological context (Bryce and Williams 2017; Jean-Joseph et al. 2022; Mech and Janssens 2022), and thus presents a fascinating example from which to study sleep and its relationship to activity and temperament. To begin answering this comparative question, though, we must first characterize what sleep looks like in individual Canis species. In the present study, we evaluate sleep behaviors in domestic dog puppies (Canis lupus familiaris) and examine potential relationships between sleep, temperament, and daytime activity levels to characterize how and when puppies sleep and what factors influence this sleep. We then provide methods for future comparisons between species to better understand the evolutionary mechanisms behind sleep patterns in Canis species. 
Patterns and Functions of Sleep
Sleep, defined as “… a state of immobility with greatly reduced responsiveness” (Siegal 2005, 1264) is a key aspect of mammal behavior and energetics (Kinsman et al. 2020). The mammalian sleep cycle is known as a circadian pattern, meaning that it is based around a 24-hour period (Siegal 2005). Within this general 24-hour cycle, there is variation in the precise timing of sleep throughout the day, as well as the timing of wakefulness (Frank et al. 2016). When individuals do sleep, their sleep cycle typically consists of three stages: non-rapid eye movement (nREM) sleep, rapid eye movement (REM) sleep, and waking (Tobler 1995). In each stage, there are characteristic neurological and behavioral indicators that are used to determine when one stage has begun and how long it continues. 	Comment by Leslie Digby, Ph.D.: In long introductions, I encourage the use of sub-headings to guide the reader	Comment by Leslie Digby, Ph.D.: I’m thinking the ‘circadian’ aspect of this is quite different from the sleep cycle itself. How would you tie these together? Or do you come back to the circadian aspects later in the intro? 
Time spent in each stage of sleep differs between mammalian species—even those closely related to one another (Siegal 2005; Tobler 1995).  For example, there is immense variation in the amount of time within the 24-hour activity cycle that one species dedicates to sleep (REM and nREM) versus wakefulness. Two rodent species, mice and guinea pigs, for example, experience vastly different amounts of REM sleep, despite genetic relatedness (Tobler 1995). Thus, this variation in sleep does not seem to follow an easily discernable pattern between species (Siegal 2005). Genetics, behavioral repertoires, and physiology, when taken individually, are not enough to explain these differences (Siegal 2005). As such, a comparative approach that considers multiple characteristics of the species is crucial for understanding the evolution and function of sleep across phylogenies. 	Comment by Leslie Digby, Ph.D.: This is related to the circadian rhythm, but you’ve just talked about sleep stages.  Are there also differences between species in REM, etc.?  Try to parse these out a bit (and see note below)
 The precise function of sleep is debated, and importantly, may vary between species (Rattenborg et al. 2017). However, because sleep has been conserved across mammalian evolution, researchers propose that it must serve a function, even if that function is not the same for every species (Frank and Heller 2019).  In search of this function, studies have found evidence supporting the importance of sleep for memory consolidation and learning, both in canines and beyond (Kis et al. 2016). Sleep may enhance information learning; for example, learning associations between a particular cue (a physical marker, a word/sound, etc.) and an outcome. Three primary hypotheses exist to explain the use of sleep to support memory and overall neurological functioning: maintenance of the brain’s energy, synthesis of the brain’s biomolecules, and removal of waste (Kis et al. 2016; Frank and Heller 2019). Additional hypotheses propose that sleep, instead, supports the neural processes that then go on to support memory and learning (Frank and Heller 2019). This typically involves removing toxic materials from the brain and repairing neural connections that are harmed while awake. Generally, all of these hypotheses emphasize the importance of sleep for neural functioning, ensuring optimal energy use during wakeful states. 	Comment by Leslie Digby, Ph.D.: Not sure this is really needed – you get at the proposed adaptations below [I’m on the fence on this one, so if you like it, that’s fine]	Comment by Leslie Digby, Ph.D.: Nice overview
Measuring Sleep
To assess the potential functions of sleep, as well as to better understand what “normal” sleep looks like, researchers often examine behavioral measures, such as the awake or sleep bouts that occur in a given episode of sleep. Such methods are often more time and cost-effective than the neurological alternatives, including EEGs, and are optimal for measuring sleep in species where EEGs present a substantial challenge. These “bouts”, or episodes of either wakefulness or sleep throughout the night, are most commonly used to examine sleep fragmentation (Owczarczak-Garstecka and Burman 2016) and provide a general sense of sleep-wake patterns behaviorally, rather than using the EEG methods that directly measure REM (rapid eye movement) and nREM (non-rapid eye movement) sleep.	Comment by Leslie Digby, Ph.D.: Or do you mean specifically non-human species where getting an EEG is challenging?
 In dogs, typical sleep bouts number from roughly 23 bouts to 60 (Schork et al. 2022; Takeuchi and Harada 2002) over the course of one night.  As a species, dogs follow a diurnal circadian pattern, sleeping primarily in the nighttime (Adams & Johnson 1993) for roughly 10.1 hours, or around 80% of the night (Bodizs et al. 2020). Around 2.9 of these hours are spent in REM, or rapid-eye movement, sleep—a relatively higher-quality sleep where memory consolidation and retention are believed to occur (Bodisz et al. 2020; Pesonen et al. 2011). However, domestic dogs are also known to experience occasional sleeping bouts during the daytime hours (Zanghi et al. 2013). These daytime sleep bouts are unusual for diurnal species, like dogs, but are presumed to be caused by age-related energetic demands (i.e., brain growth/development in younger dogs) (Kinsman et al. 2016) or the energetic demands of body size (thus varying by breed and sex differences in body size) that necessitate sleep during the day (Savage & West 2007). Daytime sleepiness may also differ based on welfare conditions, as dogs that are more stressed or in unenriched environments without opportunities for play may experience more frequent sleep bouts during the daytime (Schork et al. 2022). In general, knowing the frequency and timing of bouts for a given species therefore has value for determining “normal” or “typical” nighttime sleep behaviors and wellbeing. Excessive stress, for example, may lead to increased awake bouts during sleep for dogs (Owczarczak-Garstecka and Burman 2016), along with the sleep bouts during the day. Negative affect, or emotional state, may also play an important role in understanding sleep; Kis et al. (2017) find that, in dogs, daytime negative emotional experiences decrease sleep during the night, which may in turn lead to even further decreased sleep and negative affective states. Hence, sleep bouts are a crucial measurement tool for researchers seeking to understand general sleep patterns and applications to animal welfare and health. 	Comment by Leslie Digby, Ph.D.: Nice overview
Sleep fragmentation is another measure used to classify the variation in sleep behaviors for mammals. Fragmentation refers to the time between bouts of sleep, or in other terms, how “broken up” one’s night of sleep is. In a study of shelter dogs, Owczarczak-Garstecka and Burman (2016) found that stressed animals, as defined by an ethogram of stereotypic and stress-indicating behaviors, experienced higher rates of sleep fragmentation, as demonstrated by shorter sleep bouts throughout the night. Conversely, when dogs experienced enriching conditions during the day, including social interactions with humans and conspecifics, they spent more time in sleep bouts and initially entered sleep much more quickly than those without these interactions. This latter aspect is known as an individual’s “latency to sleep,” which is another indicator of welfare. In general, animals with lower stress levels experience a shorter latency to sleep and lower levels of fragmentation (Owczarczak-Garstecka and Burman 2016). Sleep fragmentation also varies by an individual’s characteristics, such as sex, age, and daytime activity levels (Pesonen et al. 2011). Older dogs, for instance, experience fewer sleep bouts and longer total sleep time, (therefore, less fragmentation) yet less time spent in high-quality REM sleep (Schork et al. 2022). This differs for older dogs with neurodegenerative diseases, as these individuals often experience difficulty sleeping, rather than the expected increase in sleeping (Mondino et al. 2023). Younger dogs have marked differences in sleep patterns as well. During young puppyhood, sleep slow-waves are emerging and peaking around 6-8 weeks of age, and then subsequently decreasing until 16 weeks (Bodizs et al. 2020). This period is therefore crucial for the development of adult-like sleep wave patterns and behaviors. The pattern of increasing and decreasing sleep slow-waves also mirrors human prepubertal brain energy consumption, suggesting that young dogs require similar constraints on energy to develop adult sleep patterns (Bodisz et al. 2020). Thus, these demographic, health, and individual characteristics become highly relevant to understanding the association between sleep and welfare (as measured by sleep fragmentation and latency to sleep), as well as how sleep varies within a species at a given age, especially considering that young puppy sleep patterns are not well characterized. 	Comment by Leslie Digby, Ph.D.: Is this different from fragmentation or is latency to sleep something you would measure between sleep bouts? If it is a separate measure, then maybe introduce latency to sleep first (as an additional measure) and then give the dog example about how daytime interactions can impact latency. 	Comment by Leslie Digby, Ph.D.: And latency to sleep (if indeed a different component)?  Overall a nice overview of the measures. 
Temperament
Animal temperament consists of an individual’s “…emotional nature, the basic-needs structure, and the activity level” (Hall 1941). This definition varies across animal literature (Jones and Gosling 2005), although it is generally understood to consist of these components. Temperament is often measured via an individual’s levels of reactivity, aggressiveness, sharpness, focus, fear, and additional behavioral factors (Bray et al. 2017). Research has found potential connections between various environmental, genetic, and behavioral factors and temperament (Hall 1941). Sleep, for example, has been found to be associated with temperament in a range of species, from human adults (Ottoni et al. 2011; Moore et al. 2011) and infants (Morales-Munoz et al. 2020) to rodents (O’Brien and Gozal 2004). However, it is unclear whether sleep determines differences in temperament, or vice-versa. This relationship is also yet to be extensively tested in canine species. Two canine species in particular, wolves and dogs, experience substantial differences in temperament, primarily in reactivity and fear, (Hare and Tomasello 2005), likely brought on by the distinct ecological and social demands of wolves and dogs during the process of domestication. Because sleep is often reflective of temperament, the changes in temperament brought on by domestication may be one determinant of differences between these species in their sleep. Research has also yet to investigate the general relationship between sleep and temperament in both wolves and dogs, which would inform our understanding of domestication’s role in determining canine sleep patterns and temperament. 	Comment by Emily Sandberg: Maybe this section should be before the comparative stuff? 	Comment by Leslie Digby, Ph.D.: good	Comment by Emily Sandberg: Great paragraph, flows nicely
Past studies of wolf and dog temperament have revealed differences between the species in both their levels of neophobia (i.e., latency to approach a novel object or unfamiliar person) as well as their levels of reactivity to these situations. These differences are particularly striking when a human is introduced, as dogs are upwards of 30x more likely than wolves to approach an unfamiliar human (Salomons et al. 2021). In an experimentally domesticated group of fox kits, a similar pattern was observed (Hare and Tomasello 2005). Kits who were “domesticated”, or the kits selected to be less fearful of humans, were more likely to approach unfamiliar humans and experienced less emotional reactivity (i.e., fear and aggression) than their “undomesticated” counterparts. Therefore, changes in temperament mediated by domestication may indeed be reflected in wolf and dog models as well (Hare and Tomasello 2005; Mech and Janssens 2022). Because of the role of temperament in predicting activity patterns, we might expect that domestication has led to differences in nighttime reactivity and subsequent differences in sleep-wake behaviors, including how long it takes for one to fall asleep or the frequency they wake during sleep. 	Comment by Leslie Digby, Ph.D.: Not sure you need this – instead maybe note that the study selected for foxes that were less fearful of humans? It’s a nice demonstration that temperament can be selected for.	Comment by Leslie Digby, Ph.D.: Good!
Within dogs as a species, there is a high degree of individual variability in temperament (Bray et al. 2017). Early influences, particularly in the first few weeks of life, may be highly influential in determining later temperament, as well as a suite of cognitive skills (Bray et al. 2017; Davis et al. 2002). Hence, early examinations of temperament are important for potentially predicting later outcomes and behaviors. For future service dogs, like our subjects in the present study, predicting future behavior may allow us to expedite the service dog training process and concentrate on training methods that are effective in fostering the unique qualities needed in a service dog (Bray et al. 2017). Many of these qualities are contingent upon temperament, as the ideal service dog must not be particularly reactive to new people or stimuli and must focus solely on the task at hand (Batt et al. 2008). As previously alluded to, if reactivity and sleep behaviors are associated, such studies of sleep and temperament may be relevant for both domestication-related questions and predictions of service dog success. We integrate these two aspects in the present study. 	Comment by Leslie Digby, Ph.D.: Really nice overview of the dog work	Comment by Leslie Digby, Ph.D.: good
Domestication and Sleep Patterns 
 Despite a partial understanding of domesticated dog sleep patterns, questions remain regarding how dogs differ in these sleep characteristics as compared to their closest living relatives, wolves (Driscoll et al. 2009). These two species diverged both in their ecology and behavior (Kortekaas and Kotrschal 2019), which is believed to be due to the effects of domestication on dog behavior (Salomons et al. 2021). The Domestication Hypothesis (Hare et al. 2002) proposes that dogs evolved alongside humans, and thus adapted to understand human communication, gestures, and perhaps even their sleep patterns and behaviors (Salomons et al. 2021). There is limited evidence that their canine relatives, wolves, can understand and complete tasks that require them to rely on human communicative cues, such as pointing or eye contact (Hare et al. 2002). This finding supports the hypothesis that domestic dogs’ astute understanding of human communication is a product of adaptation to living with humans. As such, we posit that their sleep patterns may also be different than those of wolves, due to this evolutionary divergence during domestication. For instance, domesticated dogs tend to sleep when their owners do (Lucas et al. 1977), yet with a high level of alertness and reactivity, as they need to be responsive to human cues and actions. In this sense, humans act as an important Zeitgeber, or environmental time cue, for dog activity patterns (Jean-Joseph et al. 2022). Wolves, on the other hand, are also believed to be highly alert during sleep, but due to ecological threats, such as predators or the calls of their packmates (Frank and Frank 1982). Differences in alertness during sleep may therefore be due to domestication and the differential influence of both ecology and human relationships on dogs’ and wolves’ fitness. 	Comment by Leslie Digby, Ph.D.: Nice overview of diurnal patterns. Here you seem to be switching topics – a new paragraph is warranted unless you’re only talking about species differences as they relate specifically to circadian rhythms/activity patterns.  	Comment by Leslie Digby, Ph.D.: I can’t find a 2002 two paper with just the two of them	Comment by Leslie Digby, Ph.D.: In general, or that they sleep primarily at night? Again, trying to get a sense if this should be two paragraphs or one. 
	Comment by Emily Sandberg: Great explanation of the hypothesis	Comment by Leslie Digby, Ph.D.: Good – this is what you were starting to introduce in the previous paragraph. 
Thus, domesticated dogs and wolves provide an important model to study a key aspect of animal behavior, sleep and activity, and the role of domestication in creating the variation in these patterns. In the present study, we are particularly interested in behaviors early in development. An individual’s early behaviors may be predictive of those later in life, if these behaviors are found to be stable across the lifetime. Early behaviors can also provide insights into the particularly vulnerable early years of an animal’s life, and how environmental factors may influence behavior at an early age (Bray et al. 2019) and have consequences later in life.  Further, we can use this developmental data to assess the relationship between early sleep and later characteristics, including an individual’s personality or temperament. 	Comment by Leslie Digby, Ph.D.: This sounds like your studying sleeps impact on temperature. For species comparisons, aren’t you looking at the impact of temperature on sleep? 	Comment by Leslie Digby, Ph.D.: good
Summary 
Current literature on dog sleep lacks a characterization of sleep during early puppyhood. This is a critical period in dog development, in which sleep and behavioral patterns are becoming adultlike (Iotchev et al. 2019). Examining this transitional period in development will provide us with a fuller understanding of how these sleep and behavioral patterns emerge. Research has yet to understand this period longitudinally as well, in which subjects are compared to their earlier behaviors across the study period. Longitudinal studies have been implemented in sleep studies of other animal models (Frank et al. 2016; Morales-Munoz et al. 2020; Hayes et al. 2011) but have not been used in dog sleep studies—a crucial step if we aim to use dogs as a model organism for sleep research. Similarly, predictors of sleep behaviors for dogs at this age have not been examined longitudinally. Such predictors include daytime activity levels, sex, and temperament. These variables are known to relate to sleep patterns in other model organisms (Hayes et al. 2011; Morales-Munoz et al. 2020; Bunford et al. 2018; Zanghi et al. 2012; Pesonen et al. 2011; Schork et al. 2022), and thus, are important to consider in characterizations of dog sleep behaviors. 
Goals of the Study
This study aims to characterize the changes in dog sleep that occur early in development and test the relationship between temperament and activity in young puppyhood. If sleep is temperament-like, we expect that levels of reactivity will be a significant predictor of the sleep behaviors we will measure (awake bouts frequency and length and vocalization frequency). If sleep is age-like, we predict early sleep patterns (awake bout frequency and length, vocalization frequency) to be predictive of later sleep. In addition to assessing temperament and its relationship to sleep behaviors, we will also investigate how daytime activity levels influence sleep. If sleep is activity-like, we predict higher daytime activity to be associated with a less frequent and shorter awake bouts. Similarly, we will also account for sex-specific patterns of sleep, as these are potentially predictive of sleep patterns as well. 
Principally, this study hopes to examine the relationship between sleep and temperament in dogs to potentially predict temperament from early sleep behaviors. In addition to this goal, we hope to better characterize domestication-driven differences in canine sleep behaviors, again during a crucial period of early development for both species in question. 
METHODS
Subjects 
Dog (Canis lupus familiaris) subjects: 
Participating subjects were 8–20-week-old puppies, recruited through Canine Companions (CC): an organization that provides service dogs for individuals with disabilities. All puppies bred from Canine Companions are a combination of Labrador Retriever and Golden Retriever, although the precise mixture of these two breeds differs by the specific breeding line. Subjects were part of the Duke Puppy Kindergarten (DPK) program: a program on the Duke University campus in Durham, North Carolina, where CC puppies are raised in a highly socialized environment and are consistently tested on various cognitive domains. During a typical “semester” of Duke Puppy Kindergarten, roughly 4-5 puppies are raised on campus. Puppies from the Fall 2021, Spring 2022, Fall 2022, Spring 2023, and Fall 2023 cohorts were included in this study and our analyses. 	Comment by Leslie Digby: Nice overview!  Let me know if this is coming from a lab document or other publication. You’ll want to cite that paper/document and we’ll want to make sure the wording doesn’t overlap too much with the original.  It can also be helpful to point the reader to other papers that may describe how the overall puppy kindergarten project (e.g., add a citation)
Prior to arriving on campus, puppies were whelped at the Canine Companions Early Development Center in Santa Rosa, California, or with volunteer caretakers in their Santa Rosa-area homes. Puppies were weaned from 6-8 weeks of age before transitioning to the Duke Puppy Kindergarten at 8-weeks old. Each cohort differs by gender ratio (see table 1 for a breakdown of our subjects) and litter, as some subjects in each cohort are siblings, but this is not consistent between cohorts. Siblings within each cohort have a name starting with the same letter; for example, sisters Gloria and Gilda in fall 2021. The specific gender and sibling breakdown in each cohort was determined by CC staff. Over this period of 2021-2023, a total of 17 dogs were included in our study (N=21).  	Comment by Emily Sandberg: Maybe somewhere mention how many dog subjects in total were a part of your study
Table 1: Dog subjects	Comment by Leslie Digby: is there any other info that might be useful here? Do they all arrive at 8 weeks? If not, it might be useful to note at what age data collection started for them
	SUBJECT NAME
	SEX 
	SEMESTER 

	Dunn
	M
	Fall 2021

	Ethel
	F
	Fall 2021

	Fearless 
	M
	Fall 2021

	Gilda
	F
	Fall 2021

	Gloria
	F
	Fall 2021

	Odom
	M
	Spring 2022

	Keaton
	M
	Spring 2022

	Laney
	F
	Spring 2022

	Nestle
	M
	Spring 2022

	Madeline 
	F
	Fall 2022

	Maestro
	M
	Fall 2022

	Nancy
	F
	Fall 2022

	Neely
	M
	Fall 2022

	Mari
	F
	Spring 2023

	Rissie
	F
	Spring 2023

	Polar
	M
	Spring 2023

	Noor
	M
	Spring 2023

	Lane
	M
	Fall 2023

	Luma
	F
	Fall 2023

	Jamal
	M
	Fall 2023

	Joplin
	F
	Fall 2023



Housing 	Comment by Leslie Digby: I’m leaning toward you doing both subjects and housing for each species together rather than dog, wolf, dog, wolf.  I think that would read more smoothly
Dog (Canis lupus familiaris) housing 
During the daytime hours (9am-5pm), all puppies were housed in the Duke Puppy Kindergarten facility in Durham, North Carolina. At this facility, puppies had access to an indoor space for play and feeding, a separate room for napping, and an outdoor park for play. Puppies are in regular contact with volunteer caretakers, DPK staff, adult dogs, and guests to DPK. The puppies followed a relatively regular schedule, including morning and afternoon feeding, morning and afternoon naps, a morning walk, outdoor time in the afternoon (weather permitting), and various outings throughout the day (ex: visiting medical residents in the Duke Hospital, attending guest lectures with lab staff, etc.). 
During daytime naps, puppies are individually crated without any collars or other garments, such as their service-dog-in-training vests. Wire crates are empty and spaced apart from one another. After 5pm, puppies are taken to various dormitories around Duke’s campus with a volunteer caretaker for the night. In the dorms, puppies are crated during sleep in the same style of crate they nap in during daytime hours. While the precise setup and placement of the crate differs between volunteers, all volunteers are required to crate their puppy in an empty crate, beginning around 9pm and lasting until 9am. If a puppy begins barking during the night, they are taken out of the crate and allowed outside the dorm in a grassy area, and promptly crated once back inside. 
Protocol 
Dog (Canis lupus familiaris) sleep data collection 
Sleep behavior was recorded nightly when puppies were with their dorm caretakers, roughly from the hours of 9pm to 9am, once per week for every week of the puppy’s stay at DPK. Dorm caretakers look after one puppy, who rotates through a “team” of other caretakers assigned to them. For the purposes of our study, we had only one member of this team record data for one night per week, until the puppy reached 20 weeks of age and transitioned out of DPK. For each puppy, we have roughly 10-12 nights of video recorded. We used the CasaCam® VS802 night-vision camera to record sleep; the camera was positioned above the wire crates for an aerial view of the puppy (Figure 1). Dorm caretakers used a monitor to view what the camera was recording, set the correct timestamp, and ensure that there was a clear view of the puppy in the crate. In total, we gathered 52 hours of sleep data. 	Comment by Leslie Digby: Do you have a range of samples sizes for how many nights each puppy was recorded?	Comment by Leslie Digby: Again, well written paragraph and easy to follow
Figure 1: Dog sleep recording view and setup
[image: A cat in a cage

Description automatically generated]
We used VLC media player (VideoLan 2006) to view and code sleep videos. Our cameras record videos in ten-minute increments for the entire night, resulting in about 8-12 hours of video data per night. For each night of sleep, we coded awake bouts (time of awake bout start, time of awake bout end, and total length), the hour of the awake bout, and barking frequency (Table 3 and Appendix A). Puppies were classified as “awake”, and an awake bout began, when they had their eyes open for more than ten seconds and/or moved or sat up for more than ten seconds. An awake bout ended when movement ceased for more than ten seconds, or a puppy closed their eyes for more than ten seconds. Movement with eyes closed (i.e., shifting sleeping position) was not counted in our awake bout criteria, nor was movement or open eyes for under ten seconds before cessation. To record barking, we took a count of the barking instances; barking frequency over 50 instances was classified as “50+.” 	Comment by Leslie Digby: good



Table 3: Ethogram for sleep coding 
	VARIABLE
	CRITERIA

	Awake Bout Start
	Timestamp when puppy has had eyes open for 10+ seconds AND/OR has moved or sat up/stood for 10+ seconds. Do not count moving positions with eyes closed, moving for under 10 seconds or opened eyes for under 10 seconds before closing them again

	Awake Bout End 
	Timestamp of eye closure for 10+ seconds/movement cessation for 10+ seconds

	Awake Bout Length
	Total time awake per bout; time begins 1 min before first movement; use military time

	Bark Count 
	Tally: begin count when barking starts until cessation for 1 minute



Dog (Canis lupus familiaris) activity data collection 	Comment by Emily Sandberg: Use info from presentation	Comment by Emily Sandberg: Also Gruen et al 2019	Comment by Emily Sandberg: Anything important I’m missing from this?
We collected data on the daily activity patterns of our dog subjects using actigraphy methods: non-invasive accelerometers (Actical®, Philips Respironics) mounted on collars worn by the dogs at all times other than when sleeping in a crate. Actigraphy is a method used to measure physical activity intensity, as well as both sedentary and activity bouts (Ortmeyer et al. 2018) by generating a 3-dimensional output of body movement (Straker and Campbell 2012). Actical® accelerometers have been previously validated for use in small animals, including dogs (Gruen et al. 2015; Hansen et al. 2007; Lascelles et al. 2015). These accelerometers generate activity counts at predetermined epochs (every 10 seconds, in the current study); higher activity counts indicate increased activity. Accelerometers were wrapped using colored surgical tape to prevent water damage, scratches, and to differentiate the collars belonging to each dog. Because DPK puppies wear collars at all times besides while sleeping, the addition of activity monitors should not affect their behavior. 	Comment by Leslie Digby: Make the connection between accelerometers and actigraphy (or just use the term accelerometer)	Comment by Emily Sandberg: Obviously you don’t have this yet but just a reminder to maybe mention the total hours of data you collected for both sleep and activity	Comment by Leslie Digby: good
Dog (Canis lupus familiaris) temperament data collection 
To assess our dog subjects’ temperament, we measured their reactivity in response to a surprising event: the opening of an umbrella. The “umbrella task” was developed from methods used in Bray et al. (2017) and MacLean et al. (2017) and was adapted from the original Dog Cognition Test Battery (Gnanadesikan 2023). In this task, we presented puppies with a potentially startling stimuli: an umbrella that was opened suddenly in front of them. Experimenters held an unopened umbrella toward the subjects, then opened it, causing a rapid expansion toward the subject. Behavioral reactivity and recovery from subjects’ initial reaction was scored from video recordings taken during testing and subsequently coded using an ethogram (additional details in Appendix B). 	Comment by Emily Sandberg: Hi Morgan do you know this citation pls and thanks
To assess daytime barking behaviors, we used an additional task adapted from the Dog Cognition Test Battery. The “novel object” assessment uses an animatronic stuffed animal, an object novel to the puppy being tested, that moves and makes sounds in order to evaluate reactions to a new object and experience. Puppies are exposed to the object for 90 seconds, before it is covered and deactivated (i.e., ceases movements and sounds). During this 90 second window, various criteria are recorded, including the number of tail wags, contact with the object, and barking. We use this measure of barking as a proxy for “daytime barking” to measure against nighttime barking behavior. 	Comment by Emily Sandberg: Not remembering if 90 or 60 secs
Data Analysis 
To analyze dog sleep behaviors, we used both exploratory data analysis and mixed-effects logistic regression models to assess the relationship between temperament, sleep behaviors (awake bout frequency and length, barking frequency), daytime activity, and sex. Exploratory data analysis included gathering descriptive statistics (means and standard deviations) to describe the distribution of sleep behaviors, awake bout length and number, across the 8–20-week period, as well as generating visualizations of these distributions using ggplot2 in R (v4.1.2; R Core Team 2021). We used R statistical software to generate models using temperament, individual deviance from the group activity levels, weeks of age, and sex as predictors of sleep behaviors (average awake bout length and number per night), with a separate model for each behavior of interest. 	Comment by Emily Sandberg: Note to Em: add this to analyses
RESULTS
We tested a total of 21 dogs (M=11, F=10) during 8-20 weeks of age, for 96 total nights of data. Across all age groups, the average awake bout lasted 7.92 minutes, and dogs experienced an average of 4.67 bouts per night. Female dogs in our sample averaged awake bouts of 8.10 minutes in length and an average of 4.16 bouts per night, with males averaging 8.60 minutes and 3.88 bouts, respectively. We also calculated these average bout length and nightly bout frequency for each week of data, which can be seen in Table 4. Generally, there was a large amount of individual variation in average awake bout length and number, with a standard deviation of 5.76 minutes for average awake bout length and 3.03 bouts for average bout number per night. We also assessed nightly barking trends, with the entire group averaging around 20.27 barks per night across 8-20 weeks, with the highest frequency occurring at 18 weeks (88 barks). 

Table 4: Average Awake Bout Number (per night) and Length (mins) by Age (weeks)
	Weeks of age 
	Average Awake Bout Number
	Average Awake Bout Length (minutes)
	Average Total Minutes Awake per Night
	Number of Nights Coded 

	8
	3.0
	22.47
	67.40
	1

	9
	3.0
	3.27
	9.82
	1

	10
	5.63
	8.97
	31.46
	11

	11
	3.32
	8.65
	30.75
	13

	12
	3.15
	7.58
	24.39
	14

	13
	3.50
	7.62
	30.93
	10

	14
	4.42
	8.88
	41.72
	6

	15
	4.22
	8.47
	37.49
	12

	16
	3.90
	7.50
	30.79
	11

	17
	3.75
	10.99
	31.82
	7

	18
	5.25
	5.86
	32.62
	9

	19
	2.0
	14.13
	28.27
	1








Figure 2: Mean Awake Bout Length per Night by Weeks and Sex 
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Figure 3: Mean Awake Bouts per Night by Weeks and Sex 
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Figure 4: Mean Total Minutes Awake Per Night by Weeks 
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Further, we used a mixed-effects logistic regression model with random intercepts for each subject to estimate the effect of daytime activity, reactivity, sex, and age in predicting awake bout length and number, as well as nighttime barking. To calculate our activity indicator, we subtracted the group average from each puppy’s individual average activity level. Activity level is calculated as a unitless measure using a formula created by Actical®. For reactivity, we used scores from two tests in the DCLB: the novel object and umbrella tests. We extracted the total time that subjects spent with the umbrella, as well as their latency to first approach the umbrella (both in seconds) and used these two variables within our model. Similarly, we used total time spent with the novel object as a measure of reactivity, as well as the count of barks during this test. In all of our analyses, we excluded one extreme outlier (Laney, Spring 2022) and excluded bouts where the dogs were woken up by their raisers to be taken out. 
Daytime Activity 
The mixed-effects logistic regression model demonstrated that dog puppies were estimated to experience an average awake bout length that is roughly 0.04 (95% CI: -0.13-0.04) minutes longer for every increase in activity level unit. However, the effect of daytime activity was not statistically significant (p = 0.324). Similarly, daytime activity was not a significant predictor of number of awake bouts per night (p= 0.776). Awake bout number was predicted to decrease by roughly 0.01 bouts (95% CI: -0.04-0.03) minutes for every increase in activity level unit.



Figure 5: Mean Awake Bout Length per Night vs Activity Deviation from Group 
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Figure 6: Mean Awake Bouts per Night vs Activity Deviation from Group
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Reactivity (Umbrella Test of Reactivity)
Our mixed-effects logistic regression model with random intercepts for each individual dog found that latency to approach the umbrella, from the DCLB umbrella reactivity test, is not a significant predictor of average awake bout length (p=0.617) or average awake bout number per night (p=0.274). Average awake bout length is predicted to increase by 0.76 minutes (95% CI: -3.89-2.37) for every additional second before approaching the umbrella. Further, average awake bout frequency per night is predicted to increase by roughly 0.63 bouts (95% CI: -0.54-1.79) for every additional second before approaching the umbrella. 
Figure 7: Latency to Approach Umbrella (s) vs Mean Awake Bout Length by Weeks 
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Figure 8: Latency to Approach Umbrella (s) vs Mean Number of Awake Bouts per Night by Weeks 
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We also examined total contact time with the umbrella (in seconds) and our sleep variables. Total umbrella contact time was not a significant predictor of average awake bout length (p=0.785) or average number of awake bouts per night (p=0.838). Average awake bout length is predicted to decrease by 0.07 minutes (95% CI: -0.58- 0.45) for every additional second spent with the umbrella. Average awake bout frequency per night is predicted to decrease by 0.02 bouts (95% CI: -0.19-0.16) for each additional second spent with the umbrella. 





Figure 9: Time Spent with Umbrella (s) vs Mean Awake Bout Length per Night by Weeks 
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Figure 10: Time Spent with Umbrella (s) vs Mean Number of Awake Bouts per Night by Weeks
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Age (weeks) 
Next, we used a mixed-effects logistic regression model with random intercepts for each subject to assess the impact of age on our sleep variables. Age (in weeks) was not a significant predictor of average awake bout length (p=0.965) or average number of awake bouts per night (p=0.593). For each additional week of age, average awake bout length is predicted to decrease by 0.01 minutes (95% CI: -0.40-0.38), and average awake bout number per night is predicted to decrease by 0.05 bout (95% CI: -0.13-0.23). We also examined age as a predictor of total minutes spent awake during the night (averaged for all nights), which had a non-significant effect (p=0.622). For each additional week of age, minutes spent awake at night was predicted to decrease by 0.01 minutes (95% CI: -0.04-0.07). 

Reactivity (Novel Object Test of Reactivity) 
Based on our mixed-effects logistic regression model with random intercepts for each subject, total time spent with the novel object (in seconds) was not a significant predictor of average awake bout length (p=0.622) or average awake bout number per night (p=0.297). Average awake bout length is predicted to increase by roughly 0.01 minutes ((95% CI: -0.04-0.07) for every additional second spent with the novel object. Additionally, average awake bout number per night is predicted to decrease by 0.01 bouts (95% CI: -0.04-0.01) for every additional second spent with the novel object. Total contact time was also not a significant predictor of nighttime barking (p=0.559). Bark frequency is predicted to decrease by 0.11 barks (95% CI: -0.49-0.27) for each additional second spent with the novel object. Barking frequency during the novel object test was also not a significant predictor of nighttime barking frequency (p=0.441). Bark frequency during the night was predicted to increase by 0.15 barks (95% CI: -0.24, 0.53) for every additional bark during the novel object test. 










Figure 11: Total Contact with Novel Object (s) vs Mean Awake Bout Length by Weeks
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Figure 12: Total Contact with Novel Object (s) vs Mean Awake Bout Number per Night by Weeks 
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Figure 13: Barking During Novel Object Test vs Nighttime Barking by Weeks 
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Sex 
We then used an additional mixed-effects logistic regression model with random intercepts for each subject to assess sex differences in average awake bout length and number per night. Sex was a significant predictor of average awake bout length (p=0.009), but not average awake bout number per night (p=0.491). Males experienced average awake bouts 5.94 minutes (95% CI: 1.66-10.23) longer than the females in our sample. Males were predicted to experienced roughly 1 less bout per night (95% CI: -3.90-1.94) than females. 





DISCUSSION 
Our study proposes the need for comparative studies of canid sleep patterns. In order to pursue comparative studies and appreciate any differences between species, we first must characterize the sleep patterns of individual species. The present study aimed to characterize puppy sleep behaviors during the highly vulnerable developmental period of 8-20 weeks of age. We tested a sample of 21 dog puppies raised in a highly socialized environment on the Duke University campus. We used behavioral measures--camera recordings--and a novel coding scheme to identify awake bout length and frequency during the night. We then compared these sleep variables to daytime activity, temperament (reactivity), sex, and age to understand potential drivers of sleep behaviors. 
Primary findings 
We predicted that dogs with higher levels of daytime activity would have shorter and less frequent awake bouts. We also predicted that more reactive dogs would have longer and more frequent awake bouts. Finally, we predicted that younger dogs would have shorter and less frequent awake bouts. Generally, we found both awake bout length and frequency to be highly variable between individual dogs. Different dogs experienced varying sleep tendencies, regardless of the other variables we assessed, including activity, temperament, and age. These variables (activity, temperament, and age) were not significant predictors of sleep behaviors, thus opposing our hypotheses and previous findings with dogs and other animal models (Bunford et al. 2018; Schork et al. 2022; Kinsman et al. 2020). Perhaps, then, puppies at this age experience sleep behaviors independent of their daytime activity levels and temperaments—a separate nighttime temperament, as we propose. This is also a vulnerable period of early development, in which REM and n-REM sleep patterns are still becoming adultlike (Iotchev et al. 2019). As such, this independent nighttime temperament may be the result of these continuing developmental processes. 
Moreover, we found that sex was a significant predictor of average awake bout length, but not average awake bout frequency. Males in our sample experienced significantly longer awake bouts on average compared to females. This finding aligns with prior research suggesting that male dogs are more susceptible to fragmented sleep (Schork et al. 2022). Dogs are also sexually dimorphic in other measures of sleep, including neurophysiological indicators such as sleep spindles (Iotchev et al. 2019) that appear during n-REM sleep. These differences are believed to be analogous to human sexual dimorphism in sleep spindles, driven by hormonal variation throughout the menstrual cycle. Future studies are needed investigating both sexual dimorphism in dogs during n-REM sleep, as well as in their general sleep behaviors throughout development. 
Many of the variables examined in the present study have been previously assessed in adult dogs, including daytime activity and sleep. However, we argue that this deviation from prior studies emphasizes the importance of this 8–20-week period for understanding puppy development. This period was not yet examined in previous studies of dog sleep, and therefore we contend that our results demonstrate the importance of this period in developing the adultlike sleep patterns found in these studies. Sleep behaviors during early development, then, may be driven by individual differences and sexual dimorphism, while later in development, are more closely associated to activity and temperament. Thus, early development may be characterized by separate daytime and nighttime temperaments, mediated by sex. 


Significance and Applications 
The findings in this study contribute to several current lines of research relating to puppy sleep. Firstly, we investigated dog puppies as a model for understanding sleep development and its relation to activity and temperament. We find that dogs have the potential to serve as models for sleep behaviors, as our methods allowed us to observe such behaviors through ethological methods—a complement to the neurobiological methods of past studies (Iotchev et al. 2019; Tobler 1995). From a practical level, using these behavioral measures allows for more affordable studies of sleep, as well as studies able to be completed without the skills necessary for EEG or fMRI studies, for example. Further, dogs are one of many canine species, including wolves, which is conducive to phylogenetic comparative studies of sleep behaviors throughout development. Dogs are therefore a strong model for comparative studies of sleep behaviors. The unique evolutionary history of dogs and their fellow canine species also provides rich opportunities for studying domestication and its impact on behavior. We focused on temperament and its potential impact on sleep behaviors, but future research may examine temperament in a greater number of species or, perhaps, sociality and its relation to sleep. Generally, our findings speak to the potential of dogs for such investigations and additional work to understand sleep behaviors in general. 
Our findings have additional implications for applied behavior work in dogs. Our subjects were prospective service dog candidates—a role that requires a highly specific temperament, including low levels of reactivity (Bray et al. 2019). We investigated temperament as a potential predictor of sleep behaviors, positing that more reactive dogs may experience more fragmented sleep and more time spent awake during the night. We found that temperament was not a significant predictor of sleep behaviors, thus leading us to the conclusion that nighttime temperament is distinct from temperament during the day, for dogs at 8-20 weeks of age. This question has implications for our sample, specifically, as nighttime temperament may predict measures of service dog success that daytime temperament does not.  As such, this may allow for earlier selection and screening of optimal service dog candidates based on nighttime temperament. The period of our study, early puppyhood, is often a critical period for other cognitive and temperament traits (Bray et al. 2021), and thus future research should investigate if this early sleep is predictive of later variables as well, such as daytime temperament during adulthood or service dog success. Additionally, due to the high degree of individual variation in our sample, future studies should examine if these individual differences in sleep are predictive of later behaviors or indicators of service dog success. Therefore, our findings may guide future research on the predictors of dog temperament and the use of sleep to screen for successful working dogs. 
Limitations and Future Directions 
We acknowledge several limitations of our study. Firstly, our sample consisted of a specific population of dogs, Canine Companions (CC) service-dogs-in-training. These dogs are bred according to CC guidelines and raised in a highly socialized environment on the Duke University campus. Thus, breed-specific differences should be analyzed in a future sample of dogs, as breed may influence temperament and other variables of interest (Serpell and Hsu 2005). Additionally, our study is longitudinal, but cannot yet assess any long-term predictions, such as the connections between sleep behavior and service dog outcomes, or sleep in early puppyhood versus that in adulthood. At the time of writing, many of the dogs in our sample are yet to complete the remainder of their training and be assessed for working dog candidacy, and thus we do not have the data to make these predictions. Additional longitudinal studies can also track the stability of sleep behaviors across the lifetime. We found that individual differences in sleep behaviors drove many of the patterns we saw—future studies should consider this individual variation and attempt to understand whether individuals continue to be highly variable from one another beyond early puppyhood. Overall, sampling dogs from varying breeds and age groups across the lifetime may improve generalizability of the trends we found in the present study. 	Comment by Emily Sandberg: I don’t like this wording but all I could think of for now!
Furthermore, future work should compare the efficacy of behavioral measures, such as those presented here, and neurobiological methods. Both have been used in past studies (Iotchev et al. 2019; Kis et al. 2017; Carreiro et al. 2017) to analyze sleep yet have not been used in conjunction to measure multiple aspects of overall sleep. For example, we cannot measure time spent in REM vs n-REM sleep through behavior alone, but these characteristics may be driven by temperament and activity levels, which our behavioral variables were not. Similarly, neurobiological methods may serve to validate the ethological techniques used to code our behaviors of interest, supporting the timing and length of awake bouts. We also note that our measures of activity and temperament are not the only measures that could be used in similar studies. Actigraphy monitors may differ according to the brand, calibration, and formula used to calculate activity. Thus, other monitors may be more effective at capturing daytime activity than those used presently. This same pattern holds true for the temperament measures used to assess dog reactivity levels, as other tests may also capture reactivity levels and should be evaluated for any association with sleep behaviors. Generally, we propose expanding the test battery for assessment of reactivity and its relation to sleep, as well as the use of neurobiological methods to complement behavioral measures of sleep patterns. 

Proposed Gray Wolf (Canis lupus) Methods 
Our current study focuses on data from puppies raised in the Duke Puppy Kindergarten, as, if we want to see if wolf sleep patterns are different than dogs due to domestication, we first need to characterize dog sleep in early puppyhood.  However, we want to propose methods for cross-species comparisons to address these questions of domestication and sleep. 
All proposed wolf subjects were raised at Wildlife Science Center (WSC) in Stacy, Minnesota. WSC is an educational facility home to two packs of gray wolves, Individual wolves at WSC are all born in captivity but differ in whether or not they are the first, second, or third generation to be born in this captive setting. WSC hand raises their wolf pups starting around 10-11 days after a litter is born in captivity each May. All wolf pups have regular contact with their littermates, human raisers, and adult dogs during this period. After this period, wolf pups live in intermediate enclosures until reaching maturity and transitioning to living with their entire pack in the main WSC enclosures. 	Comment by Leslie Digby: looks good – just be sure to check in with the Hare lab folks to get the missing info
We propose selecting individuals from the pack with the largest number of wolf pups in order to evaluate a sizeable sample of the wolves closest in age to the period of early puppyhood in dogs that we are interested in. Individuals can be selected based on availability for data collection and the aforementioned age criteria (i.e., < 5 months of age). Subjects may differ by sex, as we do not suggest balancing by sex due to the variable sex ratio in our dog puppy cohorts and the natural sex variation in a gray wolf litter. 	Comment by Emily Sandberg: Delete altogether or word as more of a proposal? I feel like deleting would also require me to change some of the really interesting info in my intro	Comment by Leslie Digby: looks good
We propose recording sleep behavior for wolves using the SOLIOM 4G LTE Cellular Security Camera (Fig. 2). These cameras can be installed inside a sleeping den at Wildlife Science Center’s enclosures and will record video continuously from 8pm to 8am. The camera can be positioned at the entrance of the den, facing the inside where subjects congregate and sleep. Video can record during these hours each night for a one-month period. Video data will download nightly to both an SD card in the camera itself, as well as cloud storage in the SOLIOM application. 	Comment by Leslie Digby: it’s best to avoid sentences that only point to a figure. Instead, point to the figure using parenthesis at the end of the relevant sentence (see example above). 
To code wolf sleep videos, we propose use of the same method as used for the coding of the puppy sleep videos (see above), including using the same criteria for determining wakefulness (Table 3). The same variables—awake bout length and frequency and barking frequency—can be recorded for wolf subjects. We also suggest collecting demographic data, including the subjects’ name, age (in months), sex, and litter.
CONCLUSION 
The present study characterized dog sleep behaviors during early puppyhood, as well as sleep behaviors’ relation to daytime activity levels, temperament, sex, and age. We also proposed novel comparative methods for assessments of sleep behaviors and their drivers between canine species. Sex was the strongest predictor of one variable of interest, average awake bout length, but not average number of awake bouts at night. Temperament, activity levels, and age were not significant predictors of awake bout length or frequency. These findings suggest a separate nighttime temperament in young puppies, perhaps due to the developmental changes occurring in the brain and during sleep at this age. Overall, future work should examine these sleep behaviors in a more diverse sample of dogs of varying breed and environment. We also advocate for expanded measurements of temperament, activity, and sleep in future work, both to validate the current methods and to explore additional relationships not accessible through current techniques. 	Comment by Emily Sandberg: Add part about individual differences if ends up being significant
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