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Abstract

The literature has been highly informative for when to use actigraphy and its validity in pediatric 

research. However, minimal literature exists on how to perform actigraphy, especially in special 

populations. We determined whether providing actigraphy training to parents and coordinators 

increased the nights of actigraphy data that could be scored. We compared two studies in children 

with autism spectrum disorders, one which provided a basic level of training in a single site trial 

and the other which provided more detailed training to parents and coordinators in a multisite trial. 

There was an increase in scorable nights in the multisite trial containing a one-hour structured 

parent training session. Our results support the use of educational tools in clinical trials that use 

actigraphy.
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Actigraphy has been used in both research and clinical settings to evaluate sleep quality in 

the home environment (Berger et al., 2008; Kotagal & Pianosi, 2006; Natale, Plazzi, & 

Martoni, 2009; Sánchez-Ortuño, Edinger, Means, & Almirall, 2010). It is a less costly 

measure than polysomnography and can provide weeks of data in the patient’s naturalistic 

setting as opposed to data from a single night’s stay in an unfamiliar setting (e.g., sleep 

laboratory) (Beebe, et al., 2008; Blackwell, Ancoli-Israel, Redline, & Stone, 2011; 

Goldman, et al., 2009; Goldman, Bichell, Surdyka, & Malow, 2012; Peterson, et al., 2012). 
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While the literature has been highly informative in terms of indications for when to use 

actigraphy, (Insana, Gozal, & Montgomery-Downs, 2010; Littner, et al., 2003; Martin, & 

Hakim, 2011; Morgenthaler, et al., 2007) including a comprehensive review on the validity 

of actigraphy in pediatric research (Meltzer, Montgomery-Downs, Insana, & Walsh, 2012), 

the literature is sparse on how to work with parents and participants to collect actigraphy 

data.

The goal of this manuscript is to describe a practical approach to performing actigraphy, 

focusing on training of the caregiver and coordinators. Elements related to participant 

tolerability (e.g., length of wear and placement of device) are also described. This approach 

was developed by our sleep research program for use in our single (Malow, et al., 2012; 

Reed, et al., 2009), and multicenter studies of children with autism spectrum disorders 

(Adkins, et al., 2012; Malow, et al., 2013). However, aspects of our approach are 

generalizable to the broader pediatric population. To determine success with our approach, 

we compared a relevant metric — scorable nights — in one study conducted before and a 

separate study conducted after implementation of caregiver and coordinator training. Our 

hypothesis was that children participating in the study conducted after implementation of 

our approach would have a higher proportion of scorable nights than children of caregivers 

who did not receive actigraphy training.

Methods

Studies and Participants

We reviewed study processes and scorable nights used in two intervention studies conducted 

by our sleep research laboratory on children with autism spectrum disorder (ASD), meeting 

DSM-IV criteria (APA, 2000) on clinical interview, and confirmed by the Autism 

Diagnostic Observation Schedule (Lord, et al., 2000). Our population included 75% with 

autistic disorder, 8% with Pervasive Developmental Disorder-Not Otherwise Specified, and 

17% with Asperger’s Syndrome. Children had sleep onset delay, defined as taking at least 

30 minutes to fall asleep on 3 or more nights a week, confirmed by actigraphy. Both studies 

analyzed the effect of sleep education provided to the parent on the child’s sleep onset 

latency, with the first study conducted prior to the development of our comprehensive 

approach to actigraphy research. Both studies were approved by the Institutional Review 

Boards at the respective site.

Study 1, a pilot trial conducted at a single site (Vanderbilt University) between March 2006 

and May 2008, had 20 participants with ASD, ages 4–10 years (Reed, et al., 2009). Parents 

received three 2-hour sleep education weekly sessions (in groups of 3–5 parents) to review 

daytime habits that affect sleep, develop a visual bedtime routine, and teach parents how to 

effectively interact with their children to manage bedtime resistance and night wakings. 

Study 2, a randomized clinical trial with 80 participants with ASD ages 2–10 years, was 

conducted between January 2010 and May 2012 (Malow, et al., 2013). This multicenter 

study included Vanderbilt University, the University of Colorado, and the University of 

Toronto. Children were randomly assigned to individual sleep education sessions (one 1-

hour sessions) or small group sessions (two 2-hour sessions one week apart) with a similar 

curriculum to Study 1. Two phone calls were made to follow-up on progress, one and two 
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weeks after education was completed. Participants wore actigraphy devices from the same 

manufacturer (Philips Respironics, Bend, Oregon) and data were analyzed using the same 

software (Philips Respironics, Actiware Version 5). The AW-64 actigraph was used in 

Study 1 and the Actiwatch Spectrum was used in Study 2. The Spectrum is an updated 

version of the AW-64 actigraph that provides a digital readout and a plastic band, whereas 

the AW-64 is a black box with no digital readout and a grosgrain wrist band. Although there 

are a variety of actigraphy products available commercially, we chose to use these 

actigraphs based on our prior use of these devices in our sleep research program. In both 

studies, parents completed a daily sleep diary that included comments about bedtime, wake 

time, and reasons a child did not wear the device. A comments column was provided to note 

any unusual circumstances that may have interfered with sleep (e.g, vacation). Participants 

wore the actigraph in their home setting to capture the typical sleep patterns of both 

weekday and weekend schedules. This was an important consideration in both studies 

because we wanted to capture the variability of sleep patterns over a sufficient period as 

recommended by the American Academy of Sleep Medicine (Morgenthaler, et al., 2007). 

Participants were asked to wear the device for 24 hours, although those unable to tolerate the 

actigraph for long periods were allowed to limit wearing of the actigraph from 1 hour prior 

to bedtime until 30 minutes after wake time the following morning.

Actigraphy Training Tools

Tools used in Study 2 (and our ongoing studies) are included in the Appendices. Rationale 

for using these tools is summarized in Table 1. Appendix Figure 1 provides an outline of the 

training that the study coordinator conducted with the parent in Study 2 (and our ongoing 

studies). This training includes logistical aspects (such as identifying times to reach the 

parent regarding collection of actigraphy data) as well as training, through the use of 

scenarios, on how to accurately complete the sleep and actigraphy diary forms (Appendix 

Figure 2 shows an accurately completed example). The importance of the child wearing the 

watch every night is emphasized. Another critical point reviewed with the parents is when to 

mark bedtime, making the distinction between activities that are part of the bedtime routine 

(such as gentle massage or reading to the child) vs. activities that the parent performs after 

bedtime, while the child is attempting to go to sleep. For example, a child exhibiting 

bedtime resistance may require multiple visits from a parent to soothe the child. Because 

these occur after the bedtime routine is completed, it is important to teach the parent to press 

the event marker at bedtime, rather than during or after these visits to soothe the child, 

which could underestimate sleep latency.

Appendix Material Figure 3 is a quiz to determine comprehension. Administering a quiz 

helps identify areas requiring additional education. A score lower than 80% prompts an 

immediate review of the topics missed on the quiz. Appendix Figure 4 includes examples 

that emphasize to the parent the need to press the event marker (to mark bedtime), to place 

the device on their children for at least an hour prior to bedtime, and to leave the device on 

after waking (to ensure sufficient baseline of activity counts).
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Actigraphs and identification of rest intervals

Although two different actigraph models (AW-64 for the first study and Actiwatch 

Spectrum for the second study) were employed for our two studies, comparative analysis 

conducted by Philips Respironics concluded no differences existed for any of the sleep 

statistics between models (Koninklijke Philips Electronics N.V., 2009). Software sampling 

rates and settings were consistent for both studies. The Spectrum unit digital readout 

displays time and visual feedback when the event marker button is pushed. The AW-64 has 

a metal indentation that marks events. On both watches the epoch length, or sampling rate, 

was set to 60 seconds, based on our previous studies (Adkins, et al., 2012; Malow, et al., 

2012). A sleep interval of 10 epochs (10 min) for onset of sleep and an awake threshold 

setting of 40 (medium) were utilized. The medium threshold is the default setting for the 

software that has been validated by other research (Chae, et al., 2009; Kushida, et al., 2001; 

Peterson, et al., 2012). Validated software, Actiware 5 (Philips Respironics, Inc.) algorithms 

were used to estimate sleep parameters. The data were downloaded to a desktop computer 

using a docking station. Manual scoring of actigraphy data was used exclusively. Event 

markers superseded diary entries unless there was reason to suspect inaccuracies. Parents 

were trained to push the event marker prior to recording the time on a sleep diary, reflected 

in our scoring rationale. Discrepent times may be due to a delay in recording times with 

recollection error. Failing to record a bedtime or event marker resulted in an unscored night.

In study 2, and rescored study 1 data, we modified our scoring protocol to allow for nights to 

be scored if either the event marker or the sleep diary was missing as long as (a) both the 

event marker and the sleep diary information were present on other nights and (b) showed 

consistency in indicating bedtime. For example, if discrepant times recorded on the sleep 

diary suggested that the diary was reconstructed at a later time (e.g. times consistently 

ending in “0” or “30”), nights with missing event markers remained unscored rather than 

utilizing a potentially inaccurate recorded time. If the diary indicated corroboration with the 

event marker times, the recorded times were presumed more likely to be accurate and were 

used to score a night with a missing event marker. Parents were instructed to make a note in 

the comments column if the event marker was forgotten and pushed at a later time. In this 

instance, the time recorded on the diary was used for scoring.

In agreement with Boyne et al. (2013), we chose not to use the autoscore function, The 

autoscore scoring method uses activity count changes to determine bedtime, which may be 

misleading. Many participants exhibited long sleep onset latencies, or trouble settling. The 

definition of bedtime given during our actigraphy training identifies bedtime as the moment 

the parent determines interactions are over and falling asleep will be attempted, even if 

unsuccessfully. In lieu of autoscoring, we used sleep diary comments regarding parent/child 

interactions to facilitate determination of reliability of event markers or recorded sleep diary 

times.

Training Parents

The study protocols differed in specific ways related to actigraphy training of participants 

and method of data collection and scoring. In Study 1, the coordinator showed the actigraphs 

and sleep diaries to the parent during the consent visit. The parents then took the materials 
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home to begin baseline actigraphy collection. After the intervention (behavioral sleep 

education) was provided, the child wore a post intervention watch. Prior to the child wearing 

the post-interventional watch, the coordinator called the parents to remind them how to use 

the watch and to complete the sleep diary, both of which were mailed to the participant’s 

home after the phone call. Parents were encouraged to call with any questions or concerns 

that arose during the study. In Study 2, parents were provided with a one-hour structured 

actigraphy training session at the clinic. Comprehension was checked after instruction with a 

quiz. In addition, parents participated in a practice session in which they recorded bedtimes 

on the sleep diary. In study 1, the actigraph was worn for seven nights before and after the 

intervention consisting of an educational session with the parent to review sleep habits; in 

study 2, it was worn for 21 nights before (including a “practice” week after which feedback 

was given to the parent) and 14 nights after completing the sleep intervention. The minimum 

number of nights (seven) that the actigraph was worn was based on the pediatric literature 

(reviewed in Meltzer, & Westin, 2011; and Meltzer, et al., 2012). We chose to collect more 

nights in study 2 because (a) we incorporated a practice watch and (b) we included sites less 

familiar with actigraphy procedures. However, for consistency in our analysis, we compared 

the first seven nights of actigraphy collected in each study.

In Study 1, children who were not able to tolerate the actigraphy watch placement on the 

wrist wore the actigraph on the ankle (2.4%), given literature supporting use of this 

alternative placement in ASD (Sitnick, Goodlin-Jones & Anders, 2008). In Study 2, 

participants who were not able to tolerate the wrist placement wore the actigraph inside a 

pocket sewn onto the shoulder of a tee shirt (28.0%), using methodology which was 

validated in previous research (Adkins, et al., 2012; Souders, et al., 2009). Parents were 

encouraged to acclimate their child to wearing the watch by introducing plastic bracelets and 

toy watches. Placing a toy watch on a favorite stuffed animal at the same time the child wore 

their study watch helped some children accept this study procedure more readily. After 

approximately a month, the time allowed for sleep education to occur and suggestions 

implemented in the home, a third watch was worn. This post intervention watch measured 

improvement in sleep onset due to strategies learned. In Study 1, we required both a sleep 

diary and event marker for scoring (although as noted below, in our analysis of study 1 data 

we used consistent scoring rules with Study 2).

Training Coordinators

For Study 2, we also conducted hands-on training for study coordinators at our investigator 

meeting with role playing (trainer and parent) and video recording of the mock training 

session. This video was made available to coordinators after the conference. We developed a 

manual of operations and internet accessible (e.g, YouTube) training videos over a secure 

link (featuring study personnel) showing research staff how to collect actigraphy data, 

download it locally, and electronically transfer it to the centralized scoring site. The manual 

of procedures (MOP) included computer screen photos to illustrate steps for configuring and 

downloading actigraphy and the subsequent electronic transfer of the actigraphy data. The 

MOP specified a uniform method of naming electronic databases to accurate identify the 

subject identification code and time period of data collection. Typical procedural errors were 

reviewed to minimize their occurrence. (e.g., selecting the configure button in error instead 
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of retrieve during downloading, which would erase previously recorded data). Coordinators 

were alerted to configure specific epoch lengths and data collection durations, to conduct 

time zone and battery status checks, and to complete required fields of subject identification 

in the new participant dialog box.

Data Analysis

For both studies, the proportion of scorable nights was calculated in order to determine 

whether Study 2 has a higher proportion of scorable nights. The numerator was the number 

of nights scored. The denominator was the number of nights of actigraphy to be collected as 

specified by the protocol. Mann-Whitney U test was used for comparison.

To address inter-rater reliability issues and differing scoring approaches, the data from Study 

1 were rescored using scoring criteria developed for Study 2 by a single scorer. To ensure 

the same number of nights in the denominator of the scorable night ratio for each study, 

groups of seven night periods for all watches used in Study 2 were compared to the seven 

nights of data collected in Study 1. The reasons a night could not be scored were also 

tabulated and reported as proportions of the total attempted nights of actigraphy collection, 

and compared between studies.

For Study 2, we also analyzed overall scorable nights by site using one-way analysis of 

variance (ANOVA). The data were analyzed using SPSS (IBM, version 21) software. Level 

of significance was set at p < 0.05.

Results

In Study 1, there were 20 participants with a mean (standard deviation) age of 5.8 years (2.6) 

and 16 (80%) males. In Study 2, there were 80 participants with a mean age 5.4 years (2.7) 

and 64 (80%) males.

To account for the different number of nights of data collection in the baseline period prior 

to sleep education intervention and eliminate concern for a “practice effect,” the first seven 

nights of data from Study 2 (the “practice watch”) were compared to the seven nights of data 

collected in Study 1. In Study 2, only two children wore the practice watch only; both of 

these children were withdrawn from the study by their parents’ choice due to family illness.

For each study week, scorable nights were consistently higher in Study 2 than Study 1 

(Table 2). One-way analysis of variance test showed no difference in scorable nights 

between the three research sites in Study 2 [F= 0.93; p = 0.4].

Table 3 shows the reasons why nights were not scored. For each reason, the average number 

of nights that were not scored were compared between the two studies. Reasons showing 

either a trend or significant difference between study 1 and 2 included the watch not being 

worn, missing or discrepant data, and incomplete sleep diaries. Examples included (1) 

placement of the watch on the child either too close to sleep onset to obtain a baseline of 

activity counts, or after sleep onset; (2) the child’s bedtime (“lights out”) was not provided 

on the sleep diary or event marker, or (3) sleep diary times that were discrepant from the 
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event marker times. Watch malfunctions were infrequent (5% in study 1 and 3% in study 2) 

and did not differ between studies.

The software algorithm compares activity levels prior to and subsequent to the current epoch 

to score the interval as either wake or sleep. Therefore the actigraph should optimally be 

placed on the child at least 30–60 minutes prior to falling asleep. As mentioned in the 

methods, parents were asked to place the device on their child for 24 hours, although only 

29% were successful. The remainder wore the actigraph prior to bedtime, and the device 

was removed in the morning after awakening. The proportion of nights scored (standard 

deviation) did not differ between children that wore the actigraphy for 24 hours [0.81 

(0.28),] and children who could only wear the device an hour prior to lights out [0.81 (0.23)] 

(p = 0.85). The proportion of scorable nights differed between ankle placement [0.59 (0.42)] 

and wrist placement [0.81 (0.28)] (p=0.03), but not between the shoulder placement [0.76 

(0.28)] and wrist placement [0.81 (0.28)](p=0.12).

Discussion

In this manuscript, we describe a practical approach to performing actigraphy in children 

with autism spectrum disorders. Given the challenges of performing actigraphy in this 

population, our work should have applicability to broader pediatric populations. Our study is 

unique because, to our knowledge, no practical guide exists for investigators to use in 

working with participants and families to collect accurate actigraphy data. Our study 

provides this information and extends it to multi-site clinical trials in which site study 

coordinators download and transfer data to a centralized scoring site.

The increase in scorable nights in Study 2 likely reflected the structured educational hands-

on training given to parents regarding watch placement, completion of sleep diaries, and the 

use of event markers, as well as the importance of the child wearing the watch every night. 

Showing the parent the actigraphy and sleep diary with brief verbal instruction during a 

consenting visit, as employed in Study 1, was not as effective in optimizing scorable nights. 

The increase in data was not due to the practice effect because the first seven nights of data 

collection were compared in both studies. In fact, wearing a watch for too long may result in 

“watch fatigue,” as supported by fewer scorable nights in the third week (vs. weeks one or 

two) of the pre-intervention period in Study 2 and in the second week (vs. week one) of the 

post-intervention period in Study 2. It is possible that watch fatigue may be improved with a 

booster actigraphy session performed by study coordinators. We are now limiting pre- and 

post- actigraphy collection to 1–2 weeks. The one exception to this rule is studies that 

involve dose escalation, in which we have been successful in collecting data over many 

weeks (Malow, et al., 2012). Offering the shoulder placement of the actigraph may retain a 

larger number of children with tactile sensitivities without compromising data integrity. 

Reducing time of wear (placing actigraph on the child 1 hour before bedtime rather than 24-

hour use), may also retain a larger number of children – however, it is critical to ensure that 

the parent places the actigraph on the child prior to bedtime to obtain a sufficient waking 

baseline of activity.
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As mentioned in the methods section, in Study 2, we modified our protocol to allow for 

nights to be scored if either the event marker or the sleep diary was missing as long as (a) 

both the event marker and the sleep diary information were present on other nights and (b) 

showed consistency in indicating bedtime. This modification alone did not influence 

scorable nights between studies, as when we rescored Study 1 data using the Study 2 rules, 

we still found a higher proportion of scorable nights in Study 2 (as compared to Study 1). 

However, we do believe taking both event marker and sleep diary information into account 

is a useful modification that other actigraphy researchers may wish to practice in their work 

to optimize data interpretation.

Fortifying an actigraphy program with tested training methods and tools may increase 

integrity of data, especially when conducting multi-site clinical trials. It is notable that 

despite having multiple sites, the scorable nights of actigraphy data were higher in Study 2. 

One limitation to our study was the lack of fidelity checks on the actigraphy training session 

with the parent conducted by different study coordinators. However, the three research sites 

participating in Study 2 did not differ in the average ratio of scorable nights of actigraphy 

despite varying degrees of familiarity with actigraph use amongst study personnel. Another 

limitation of our study was that we used different models of the Philips Respironics 

actigraphy device, Spectrum and AW-64, in our studies. While both were validated by the 

manufacturer to show consistent collection in data between the two models, manufacturer 

validation was primarily conducted on stationary mechanical devices, which may not 

represent sleep patterns in pediatric populations. Furthermore, the Spectrum watch used in 

Study 2 is larger in size and might be expected to cause decrease in tolerability. However, it 

may have been perceived as more “interesting” (i.e., digital readout, visual feedback, 

ergonomic features), than the AW-64 model used in Study 1.

In summary, we present a practical guide for investigative teams conducting actigraphy 

research in pediatric special populations that has applicability for the general pediatric 

population. In future studies, we plan to include the adolescent population, where assistance 

from parents may be minimal or absent during the actigraphy collection process. We also 

plan to expand our use of webinar training for both research staff and parents/participants.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study Flow Charts
a To account for the different number of nights of data collection in the baseline period prior 

to sleep education intervention, the first seven nights of data from Study 2 (the “practice 

watch”) were compared to the seven nights of data collected in Study 1
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Table 1

Actigraphy Training Tools to Increase Scorable Nights

Tools Rationale

1. Clearly defined bedtime Accuracy in scoring sleep onset latency

2. Model event marking Accuracy in scoring lights out and wake time

3. Show actigraph with event markers Illustrates importance of event marking and wearing the watch in the proper time period.

4. Quiz Determines parent comprehension and need for additional education.

5. Practice recording on sample sleep diary Provides parent with hands-on training and allows coordinator to assess parent knowledge.

6. Practice watch worn at home Complete sleep 
diary

Tests tolerability to wrist wear and identifies problems with data collection before study 
data collection begins.

7. Feedback to parent after practice watch Provides additional education and ensures that watch is functioning properly.
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Table 2

Scorable nights in each study using seven night increments

Time Period Study week
Study 1 Mean (SD)
a scorable nights

Study 2 Mean (SD)
a scorable nights

Mann-Whitney U test p-value

Baseline

1 0.73 (0.35) 0.91 (0.20) 0.04b

2 0.90 (0.19) 0.04b

3 0.76 (0.31) 0.69b

Post-intervention

1 0.58 (0.39) 0.90 (0.17) 0.002c

2 0.75 (0.30) 0.08c

a
Mean (SD=standard deviation)

b
Comparing mean scorable nights in baseline period (by week) between study 1 and study 2

c
Comparing mean scorable nights in post-intervention period (by week) between study 1 and study 2
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Table 3

Mean nights not scored in each study tabulated by reason not scored

Reason not scored Study 1 Mean (SD) nights not scored Study 2 Mean (SD) nights not scored Mann-Whitney U p-value

Watch not worn .60 (.10) .30 (.93) 0.07

Missing or discrepant data .35 (.67) .19 (.70) 0.06

Watch malfunction .35 (1.65) .16 (.96) .78

Incomplete sleep diaries .65 (2.06) .04 (.34) .04

SD = standard deviation
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