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This is a preliminary validation study of a novel approach to an interactive sleep data collection platform. We compared actigraphy, paper and pencil logs, and the
novel voice interactive sleep log in a sample of 17 breast cancer survivors with insomnia symptoms and also report qualitative data on acceptability. We used
correlation coefficients and Bland Altman plots to evaluate convergent validity across these measures and report means for acceptability ratings. The sleep log
data collected via paper and pencil vs the voice interactive measure had comparable mean values and variable validity coefficients across key sleep variables
compared to actigraphy except for wake after sleep onset, where the voice-interactive system had fair concurrent validity with actigraphy. The voice interactive
sleep log has several advantages over pencil and paper logs and actigraphy as it reduces patient burden, automatically calculates sleep variables, documents the
timeliness of response and provides daily feedback to respondents on calculated sleep metrics.
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INTRODUCTION

The evaluation of sleep metrics, such as sleep timing and sleep
quality, is complex because objective and self-report subjective
assessments have unique benefits and drawbacks. The 3 pri-
mary measures of sleep used in the evaluation and treatment of
patients with insomnia are sleep logs or diaries,1,2 sleep ques-
tionnaires,3 and actigraphy (Mini-MotionLogger, Ambulatory
Monitoring, Inc.). These yield raw data from which key vari-
ables are derived that contribute to the differential diagnosis of
insomnia and other sleep disorders.

Self-administered paper and pencil sleep logs (PP-SLs) are
the standard in clinical care, yet limitations include patient and
provider burden. Paper logs may get misplaced and yield raw
data that require calculations during appointments that could
otherwise be used to interact with patients. Furthermore, clini-
cians have long questioned whether patients fill logs out daily
or right before appointments, making the accuracy of reported
sleep metrics somewhat suspect.

We developed a program that collects sleep log data using a
voice-interactive sleep log (VIA-SL) on a home-based smart
speaker to address some of the previously mentioned limitations
of PP-SLs. This strategy to collect sleep data offers many poten-
tial advantages: first, voice-interactive technology is increasingly
prevalent; second, the VIA-SL can auto-calculate important sleep
metrics (eg, sleep efficiency) and provide daily feedback on sleep
patterns; third, the VIA-SL can query erroneous responses, pro-
vide time limits on daily reporting, and give feedback in real time
on adherence.

We hypothesized that the data quality and accuracy (mea-
sured by concurrent validity) of the VIA-SL would be compara-
ble to the PP-SL and perform similarly to the PP-SL compared
with actigraphy. We also hypothesized that users would
find the overall interactive system to be highly usable and
acceptable.

METHODS

As part of a larger project to provide a behavioral insomnia
intervention to breast cancer survivors,4 we evaluated the con-
current validity of actigraphy (Ambulatory Monitoring, Micro-
Motionlogger, ACTI),5 a standard PP-SL (the Consensus Sleep
Diary),1 and our newly developed VIA-SL.

Participants
We recruited survivors of stage I–III breast cancer or stage IV
high-functioning breast cancer survivors. Included participants
reported a score greater than or equal to 5 on the Pittsburgh
Sleep Quality Index.2 Exclusion criteria included undiagnosed
or poorly controlled sleep and psychiatric disorders.

Sleep data collection
Participants were mailed an Amazon Echo Dot (third-genera-
tion smart speaker) and a smart phone with a hotspot to provide
maximum privacy. Participants were instructed to run the VIA-
SL daily within 30minutes of bed and wake times, and the
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program queried on key consensus sleep diary questions needed
to calculate relevant sleep metrics. Participants were concur-
rently asked to complete PP-SL printouts daily. Actigraphs
were set to collect sleep data at a 1-minute epoch length. Indivi-
duals were asked to indicate via an event button when they
were going to sleep and when they were waking up. All study
participants were asked to complete 10 days of concurrent data
and a minimum of 4 days of data were required. Three of the
actigraphs failed, resulting in exclusion of those participants.

Acceptability, appropriateness, and usability
Participants completed acceptability, usability, and appropriate-
ness ratings on the overall treatment and diary program using
Likert scales, where higher numbers indicate above average.6,7

Contiguous days of actigraphy data were included in analyses
when there were concurrent data from the VIA-SL and PP-SL.

Data analyses
Descriptive statistics for sleep metrics included time lights out
(TLO), time out of bed (TOB), total time in bed (TIB), sleep-
onset latency (SOL), wake time after sleep onset (WASO), total
sleep time (TST), and sleep efficiency. All data were normally
distributed.

Concordance correlation coefficients (CCCs) were estimated
by the variance components from linear mixed models, and
Bland-Altman plots8 were used to evaluate the agreement of the
2 sleep log measures compared with each other and with acti-
graphy. Altman suggested the following gradings of CCCs:
< 0.2 = poor and > 0.8 as excellent (0.2–0.8 fair/moderate).

RESULTS

Sample characteristics
The study sample consisted of 17 breast cancer survivors, with
an average age of 56.1 years (SD = 13.5 years). The racial distri-
bution of our sample was 64.7% White, 23.5% Black, and
11.8% other. Sleep data were collected from participants an
average of Actigraphy, 7.5 days (SD = 1.3); VIA-SL, 7.3 days
(SD = 0.8); and PP-SL, 7.1 days (SD = 0.2).

Mean sleep variables
For all sleep variables there were minimal differences in means
and variability between the PP-SL and the VIA-SL (Table 1),
and in all cases, the VIA-SL values were between the PP-SL
and actigraphy values. The PP-SL and VIA-SL underestimated
actigraphy TST by 46 and 41minutes, SE by 3%, and WASO

Table 1—Mean sleep variables.

Variable
Sample Observations

(n = 17) Units Mean (SD) CCC with Actigraphya

TLO_PP-SL 105 Hours:minutes (hours) 11:22 (1.4) 0.45

TLO_VIA-SL 105 Hours:minutes (hours) 11:15 (1.4) 0.47

TLO_ACTI 105 Hours:minutes (hours) 10:50 (2.4) —

TOB_PP-SL 104 Hours:minutes (hours) 7:32 (1.3) 0.81

TOB_VIA-SL 104 Hours:minutes (hours) 7:29 (1.3) 0.87

TOB_ACTI 104 Hours:minutes (hours) 7:15 (1.6) —

TIB_PP-SL 105 Minutes 451.62 (82.7) 0.13

TIB_VIA-SL 105 Minutes 459.15 (74.0) 0.26

TIB_ACTI 105 Minutes 525.1 (77.9) —

TST_PP-SL 105 Minutes 391.87 (80.7) 0.28

TST_VIA-SL 105 Minutes 396.81 (76.5) 0.22

TST_ACTI 105 Minutes 437.86 (64.4) —

SE_PP-SL 105 Ratio TST/TIB 0.87 (0.11) 0.18

SE_VIA-SL 105 Ratio TST/TIB 0.87 (0.11) 0.17

SE_ACTI 105 Ratio TST/TIB 0.84 (0.10) —

SOL_PP-SL 104 Minutes 23.41 (23.2) 0.18

SOL_VIA-SL 104 Minutes 23.78 (23.3) 0.12

SOL_ACTI 104 Minutes 13.30 (20.6) —

WASO_PP-SL 104 Minutes 36.83 (40.0) 0.05

WASO_VIA-SL 104 Minutes 38.98 (39.0) 0.34

WASO_ACTI 104 Minutes 54.66 (47.1) —

aCCC estimated by variance components from a linear mixed model. ACTI = actigraphy, CCC = concordance correlation coefficient, PP-SL = paper and pencil
sleep log, SE = sleep efficiency, SOL = sleep-onset latency, TIB = time in bed, TLO = time lights out, TOB = time out of bed, TST = total sleep time, VIA-SL =
voice-interactive sleep log, WASO = wake after sleep onset.
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by 18minutes and 16minutes, and overestimated SOL by
approximately 10minutes relative to actigraphy.

Validity coefficients
CCCs showed considerable variability across sleep metrics,
with the best overall agreement among the 2 sleep log methods
and actigraphy for TLO and TOB; the CCC for TLO (PP-SL
0.45 and VIA-SL 0.47) and TOB (PP-SL 0.81 and VIA-SL
0.87) were in the moderate to excellent range for both log mea-
sures compared with actigraphy. The VIA-SL TIB CCC was
only fair (0.26), although higher than the PP-SL (0.13). For
TST, PP-SL and VIA-SL were just fair (0.28 vs 0.22, respec-
tively). For SE and SOL the CCC for both logs was poor
(SE PP-SL 0.18 and VIA-SL 0.17; SOL PP-SL 0.18 and VIA-
SL 0.12). For WASO, we found an acceptable CCC for VIA-SL
(0.34) and an exceedingly poor finding for the PP-SL (0.05).
Comparing the 2 sleep logs, there was high concordance for
TLO (0.91), TOB (0.92), SOL (0.97), and TIB (0.86), while
there was moderate concordance for TST (0.70), SE (0.71), and
WASO (0.63).

Bland-Altman plots suggest that a handful of extreme values
in mean differences may account for some differences, particu-
larly for WASO. Distributions by method appeared quite simi-
lar for SE and SOL.

Acceptability and usability
Participant ratings of the ease of use of the overall voice-
interactive system were generally high, with ratings of 4.3/5 for
acceptability, 4.2/5 for appropriateness, and 83.4 for system
usability (exceeding average of 68).

DISCUSSION

There has been a proliferation of new technologies designed to
measure sleep health. This study tested the validity of a novel
approach to evaluating insomnia symptoms that could be used
independently or as part of a program that diagnoses and treats
insomnia. Overall, our findings offer preliminary evidence that the
VIA-SL is comparable to the PP-SL in mean values of key sleep
variables as well as patterns of concordance with actigraphy. Par-
ticipant feedback suggested high acceptability and usability for the
overall treatment and assessment components of the parent study.

Findings of high validity of the PP-SL and VIA-SL of sleep
timing (TLO and TOB) were consistent with other studies com-
paring logs and actigraphy.9,10 Overall, these findings suggest
that the VIA-SL is at least comparable to PP-SL.

Limitations of this study include a small sample that had spe-
cific demographics and diagnoses that may limit generalizing

these findings to other populations. The timing of daily PP-SL
completion is also unknown.

CONCLUSIONS

Overall, the VIA-SL and the PP-SL demonstrate expected asso-
ciations with actigraphy, a validated measure of sleep timing,
sleep maintenance, and sleep duration. Next steps include test-
ing the efficacy of delivering components of cognitive behav-
ioral therapy for insomnia via the overall voice-interactive
assessment and intervention program.

ABBREVIATIONS

CCC, concordance correlation coefficient
PP-SL, paper and pencil sleep log
SE, sleep efficiency
SOL, sleep-onset latency
TIB, time in bed
TOB, time out of bed
TST, total sleep time
VIA-SL voice-interactive sleep log
WASO, wake time after sleep onset
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EDITOR ’S NOTE

The Emerging Technologies section focuses on new tools and techniques of
potential utility in the diagnosis and management of any and all sleep disorders.
The technologies may not yet be marketed, and indeed may only exist in prototype
form. Some preliminary evidence of efficacy must be available, which can consist of
small pilot studies or even data from animal studies, but definitive evidence of
efficacy will not be required, and the submissions will be reviewed according to this
standard. The intent is to alert readers of Journal of Clinical Sleep Medicine of
promising technology that is in early stages of development. With this information,
the reader may wish to (1) contact the author(s) in order to offer assistance in
more definitive studies of the technology; (2) use the ideas underlying the
technology to develop novel approaches of their own (with due respect for any
patent issues); and (3) focus on subsequent publications involving the technology in
order to determine when and if it is suitable for application to their own clinical
practice. The Journal of Clinical Sleep Medicine and the American Academy of
Sleep Medicine expressly do not endorse or represent that any of the technology
described in the Emerging Technologies section has proven efficacy or
effectiveness in the treatment of human disease, nor that any required regulatory
approval has been obtained.
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