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BEFORE WE START

e Focus of this course
e Questions
* \VVideo recording

e Slides + Documentation + Example data:
https://www.accelting.com/ggir-training-materials/



Day 2: questions?




Learning goals
for this session
e Navigate the Part 4 Output.

e Understand what GGIR can do to
assess physical activity and 24 time-use.

e How to do this yourself

 How to get help

°
: 0 ) Accelting
°
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% Advancing movement & sleep research




Part 3 & 4 Output




The GGIR pipeline

Part 1 Part 2 Part 3
® Reads file * Data quality ® Heuristic sleep
* Data quality * Descriptive analysis detection

® Extracts features ® Reports (csv files)

Part 4

* Sleep analysis
® Reports (csv files)

Part 5

® Full-day time-use
analysis
® Reports (csv files)



Output from Part 4
1D | Onset.m | Wakeup.m | Onset.nz | Wakeup.a | Onsetn3 |

01 23:00:.00 07:00:00 23:15:00
part4_nightsummary_sleep_full.csv

ID night cleaningcode sleeplog_used acc_available guider
1 2 1 0 1 HDCZA code
1 3 0 1 1 sleeplog 0 No problem
1 4 0 1 1 sleeplog 1 Sleep log not available (HDCZA used)
! > 0 1 ! sleeplog 2 Not enough valid data
1 6 0 1 1 sleeplog

3 No accelerometer data available
1 7 2 1 0 sleeplog

4 No nights to be analyzed

5 Guider-defined SPT

6 SPT could not be defined either by

sleeplog or algorithms 5



Output from Part 4

4

part4_nightsummary_sleep_full.csv

ID night sleeponset wakeup SptDuration | SleepDurationinSpt | WASO
1 1 27.201 32 4.799 3.696 1.103
1 2 26.11 31.936 5.826 4.888 0.939
1 3 26.5 32 5.5 4.997 0.503
1 4 25 32.475 7.475 7.115 0.36
1 5 26.413 32 5.588 5.071 0.517
1 6 27.131 32 4.869 3.526 1.343
1 7 25.074 31.761 6.688 6 0.688




Output from Part 4

[.]

# Data cleaning

=16,
= FALSE,
= FALSE,
=4 [.])
part4_nightsummary_sleep_cleaned.csv
ID night sleeponset wakeup SptDuration | SleepDurationinSpt | WASO
1 1 27.201 32 4,799 3.696 1.103
1 2 26.11 31.936 5.826 4.888 0.939
1 3 26.5 32 5.5 4.997 0.503
1 4 25 32.475 7.475 7.115 0.36
1 5 26.413 32 5.588 5.071 0.517
1 6 27.131 32 4.869 3.526 1.343
1 7 25.074 31.761 6.688 6 0.688
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Output from Part 4 e ota clearing

=16,
= TRUE,
= FALSE,
=4 [.])
part4_nightsummary_sleep_cleaned.csv
ID night sleeponset wakeup SptDuration | SleepDurationinSpt | WASO
1 1 27.201 32 4.799 3.696 1.103
1 3 26.5 32 5.5 4.997 0.503
1 4 25 32.475 7.475 7.115 0.36
1 5 26.413 32 5.588 5.071 0.517
1 6 27.131 32 4.869 3.526 1.343




Output from Part 4 e ota clearing

=16,
= TRUE,
= FALSE,
=4 [.])
part4_nightsummary_sleep_cleaned.csv
ID night sleeponset wakeup SptDuration | SleepDurationinSpt | WASO
1 1 27.201 32 4.799 3.696 1.103
1 3 26.5 32 5.5 4.997 0.503
1 4 25 32.475 7.475 7.115 0.36
1 5 26.413 32 5.588 5.071 0.517
1 6 27.131 32 4.869 3.526 1.343




Output from Part 4

part4_summary_sleep_cleaned.csv

=4

ID | sleeplog-used | n_nights_acc |n_nights_sleeplog [n-WE_nights_complete|n_-WD_nights_.complete| n_.WEnights_daysleeper | n_-WDnights_daysleeper
1 1 6 6 2 4 0o 0]
SptDuration_AD_ SptDuration_AD_ SleepDurationInSpt_AD_ SleepDurationInSpt_AD_
ID TsA5_mn T5A5.sd TsA5_mn T5AS.sd WASO_AD_T5A5.mn | WASO_AD_T5A5_sd
i 5.372 1142 4.685 1.375 0.687 0.383
SptDuration_WD_ SptDuration_WD_ SleepDurationInSpt_WD_ SleepDurationInSpt_WD_
ID TsA5_mn TsA5_sd TsA5_mn T5AS.sd WASO_WD_T5A5_.mn | WASO_WD_T5A5_sd
M 5.64 1.277 5.045 1404 0.594 034
SptDuration_WE_ SptDuration_WE_ SleepDurationInSpt_WE_ SleepDurationInSpt_WE_
ID T5A5_mn T5A5_sd TSAS.mn T5A5_sd WASO_WE_T5A5_mn | WASO_WE_T5A5_sd
M 4.838 0.877 3.966 1.409 0.872 0.532
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Output from Part 4

Sleeponset, sleeponset_ts

Wakeup, wakeup_ts

SptDuration

Sleepparam

guider_inbedStart, quider_inbedStart_ts
quider_inbedEnd, quider_inbedEnd_ts
guider_inbedDuration
fraction_night_invalid
SleepDurationInSpt

WASO

duration_sib_wakinghours
number_sib_sleepperiod
number_of_awakenings
number_sib_wakinghours
duration_sib_wakinghours_atleast1smin
sleeplatency

sleepefficiency

page

daysleeper

weekday

calendar_date
filename
cleaningcode
sleeplog_used
acc_available

quider
SleepRegqularitylndex
SriFractionValid
longitudinal_axis

nonwear_perc_spt

14


https://wadpac.github.io/GGIR/articles/GGIRoutput.html

Sleep visualizations

= TRUE

estfiles » output » output GT3X » results
~
Y [ Name
file summary reports
Qc
i3 part2_daysummary.csv
b part2_daysummary_longformat.csv
@ part2_summary.csv
3 partd_nightsummary_sleep_cleaned.csv

@ partd_summary_sleep_cleaned.csv
visualisation_sleep.pdf
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Cut-points & Bouts




Physical activity intensity: cut-points
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Physical activity intensity

Linear regression

METS
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Why do we want to detect bouts

* Indicator of time spent in activities involving aerobic energy
metabolism

e Consistent with historical self-report data
* To aid studying of fragmentation of behaviour

20



Defining what a bout/sojourn is

1. What should the cut-point be?

2. What should the epoch length be?

3. What should minimum duration of bout (sojourn) be?
4. Should we allow for gaps in a bout (sojourn)?

5. Should this be a percentage of the bout duration, an absolute minimum in
seconds, or both?

6. Are bout gaps counted towards the time spent in bouts?

7. Do the first and last epoch need to meet the threshold criteria?
8. In what order are the bouts extracted?

9. How many bout categories should there be?

1 2 3 45 6 7 8 9 10 1 1213...1718192021222324252627282930

21



Implementation in GGIR

User decides on:

* Acceleration thresholds for light, moderate, and vigorous intensity

 Fraction of time for which cut-point criteria need to be met (light, inactive, MVPA)
e Bout duration ranges, e.g. [1, 5) [5, 10) and [10, o) minutes

e Epoch length

User does NOT decide on:

e Maximum bout gap of 1 minute

 First and last epoch need to meet cut-point criteria

 Number of intensity levels, which are always: inactive, light and MVPA
e Order in which bouts are calculated (1 MVPA; 2 inactive; 3 Light)

» Default code for detecting bout:

22


https://github.com/wadpac/GGIR/blob/master/R/g.getbout.R

Bouts of physical activity/inactivity

— =100 ;
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Why does GGIR facilitates bout detection?

Guidelines mainly based:
e 1-min epoch
» Data from hip-worn sensors

.. but bouts might be useful for:
e 5-sepochs
e Data from wrist-worn sensors to smooth out spontaneous movements

Guidelines based on:
e Specific health outcomes

.. but bouts might be relevant for:
 health outcomes not covered by current research

Bouts might be useful to investigate fragmentation of behavior

We aim to be neutral in the discussion and try to facilitate all approaches

24



The cut-points annex

Published cut-points and how to use them in
2 Relevant arguments to use cut-
points in GGIR G G I R

3 Summary of published cut-points

4 Notes on cut-point validity .
5 References _ n U

R package for accelerometry

See also complementary vignettes on: General introduction to GGIR, Day segment analyses, GGIR parameters, Embedding external
functions (pdf), and Reading ad-hoc csv file formats.

1 Considerations

The physical activity research field has used so called cut-points to segment accelerometer time series based on level of intensity. In
this vignette we have compiled a list of published cut-points with instructions on how to use them with GGIR. Please note that GGIR
refers to cut-points as thresholds, but we are referring to the same thing: A value or a set of values to help split levels of movement
intensity. As newer cut-points are frequently published the list below may not be up to date. Please let us know if you are aware of
any published cut-points that we missed!

25


https://wadpac.github.io/GGIR/articles/CutPoints.html

More reflections on the use of cut-points

L
O Acceltl ng Home  About Accelting  Services  GGIR Software \ Contact
* & (=]

hy does GGIR facilitate the cut-points approach?

Why does GGIR facilitate the cut-points approach?

The ‘cut-points’ approach is one of the most criticized analytical approaches in the field of physical
activity research. Despite the criticism, cut-points are still widely used. R package GGIR facilitates the
use of cut-points and by that contributes to the continued use of cut-points. So, you may wonder: Why
does GGIR facilitate such a controversial method? Do the people behind GGIR not know about the
limitations of cut-points? To answer these questions, it may be good that | first explain what the “cut-

points’ approach is.

What is the cut-points approach?

Wearable accelerometer data can be processed towards an indicator of body acceleration over time.
Although acceleration is a meaningful kinematic indicator, researchers have not incorporated
acceleration directly into physical activity guidelines. Instead, the research community prefers to phrase

physical activity guidelines in terms of time spent in levels of energy expenditure. Levels of energy

expenditure are defined based on a construct named Metabolic Equivalent of Task (MET)

26


https://www.accelting.com/updates/why-does-ggir-facilitate-cut-points/

Full-day time-use
analysis




The GGIR pipeline

Part 1 Part 2 Part 3 Part 4 Part 5 Part 6
* Reads file * Data quality * Sleep analysis * Sleep analysis Full-day time-use e Circadian rhythms
* Data quality * Descriptive analysis|® Sustained inactivityl ® Sleep period time| analysis * Household co-
* Extracts features| ® Reports (csv files) | Pperiods * Reports (csv files) P Reports (csv files)  analysis

® Reports (csv files)

Merge
physical activity & sleep

28



Part 5: Full-day time use

Loads imputed acceleration data from part 2
Loads sleep information from part 4 (SPT windows)
Re-calculate variables based on the merged data (split by SPT & waking hours)

Part 5 reports includes:
e Daytime variables: physical activity intensities, inactivity
» Nighttime variables: sleep indicators

29



Part 5: Full-day time use

Daily window definition

 Definition of day duration
e Midnight-to-midnight |_> Same as in part 2
e dayborder
e Waking-up to waking up
e Sleep Onset to sleep Onset

Friday

or's z—axis relative to horizontal plane:
L TR L T
| —_— o N . "
¥

PR PR W R & .

I I I I I I I I I ]
Bam 8am 10am noon 2pm 4pm Bpm 8pm 10pm midr ght
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Part 5: Full-day time use

Daily window definition

 Definition of day duration

|—> Same as in part 2

e Waking-up to waking up
e Sleep Onset to sleep Onset

Friday Friday
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Part 5: Full-day time use

Daily window definition

 Definition of day duration
e Midnight-to-midnight ‘ .
Same as in part 2

e dayborder =3 am

e Sleep Onset to sleep Onset

Friday Friday
Angle of sensor's z-ax relative to horizontal plan: of sen for's relative to horizontal plan
Lr‘ —

1 L M J
Arm movement: :

™ L . PRI PR P RS R

| | |
[ T I I I I I I I I I I I I I 1
midnight 2am 4am Gam 1m 10am noon 2pm 4pm Epm Bpm 10pm midnight 2am 4am Bam Bam 10am noon 2pm 4pm 6pm 8pm 10pm midnight
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Part 5: Full-day time use

_ 20-29° 10-19° unbt 10’

Min/day in each category (dur.)

Full window (~ 24h)

Inactivity bouts Light bouts

unbt »>10 5-9

Mean acceleration in
each category (ACC.)

dur_day_spt_min

MOD & VIG unbt

dur_day_min dur_spt_min
Waking hours Sleep Period Time
dur_day_total_IN_min Total Vi9\°’°“5 dur_spt_sleep_min
Total inactivity Total light Total moderate Sleep Wake

1-5 Sleep IN Ac

Number of bouts

(Nbouts)

Number of blocks
(Nblocks)
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Part 5: Full-day time use

dur_day_spt_min
Full window (~ 24h)

dur_day_min dur_spt_min
Waking hours Sleep Period Time
dur_day_total_IN_min Total Vi9\°’°“5 dur_spt_sleep_min
Total inactivity Total light Total moderate Sleep Wake

MOD & VIG unbt
Inactivity bouts Light bouts
_ 20-29° 10-19° unbt 100  unbt »>10° 59 1-5 Sleep IN | Ac

Min/day in each category (dur_) ~ Mean acceleration in Number of bouts Number of blocks
each category (ACC.) (Nbouts) (Nblocks)

34



Part 5: Full-day time use

Similar variables but not identical variables relative to part 2

e Average acceleration
e Bouts of MVPA

Why MVPA minutes do not exactly match in part 2 and part 5?7

e Different window definition

e Activity minutes occurring during SPT

e Bouts calculation < Full-day window definition
 Re-definition of epoch length?

= TRUE

35



(# general settings

[.]

E [ thi t indonaises - cis, 900, 3600),
POC eng I n Pa r 5 part5_agg2_60seconds = TRUE,

[.]D)

600
I

— 5s epoch
= 60s epoch
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I
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Epoch length in part 5

ENMO

200 300 400 S00 600

100

GGIR(# general settings
[.]
# data quality and metrics
windowsizes = ¢(5, 900, 3600),
part5_agg2_60seconds = TRUE,
[..])

= 60s epoch
Behavior 5s epoch 60s epoch

— 5s epoch

Sedentary / Inactivity 00:59:45 00:60:00 I
Light PA 00:46:35 00:51:00

Moderate PA 00:13:10 00:09:00

Vigorous PA 00:00:30 00:00:00 |
Total 02:00:00 02:00:00

(178

-l

40

I
60

Minutes

80 100 120

37



Part 5: Full-day time use

e [nactivity
e Light physical activity

* Moderate physical activity
e Vigorous physical activity
e Bouts of inactivity and light physical activity

38



The GGIR()

Full-day time-use analysis [.]
# Physical activity and Inactivity thresholds

= 40, =100, =400,

# It can be more than one threshold
= (20, 40), = c(100, 120), =400,

# Bout durations
= c(10, 20, 30), =10, =c(1, 5, 10),

# Fraction of a bout that needs to meet the thresholds
= 0.9, = 0.8, = 0.8,
[.])

°
: 0 ) Accelting
°
o ) h
% Advancing movement & sleep research

39




Part 5 Output




The GGIR pipeline

Part 1 Part 2 Part 3 Part 4 Part 5 Part 6
* Reads file * Data quality * Sleep analysis * Sleep analysis  ® Full-day time-use e Circadian rhythms
* Data quality * Descriptive analysis ® Sustained inactivity ® Sleep period time analysis * Household co-
* Extracts features ® Reports (csv files) ~ periods * Reports (csv files) ® Reports (csv files)  analysis

® Reports (csv files)

41



[.]

output from Pa rt 5 # Data C/ean/'ng
=2/3,
[.]) 1
=3 66% of the waking hours available
(wearing the device)
part5_daysummary_full_.MM_L40M100V400_T5A5.csv

ID | window_number weekday calendar_date cleaningcode | acc_available guider nonwear_perc_day| nonwear_perc_spt [nonwear_perc_day_spt
1 1 Saturday 7/7/2014 0 1 sleeplog 3 84 30
1 2 Sunday 8/7/2014 1 1 HDCZA 0 0 0
1 3 Monday 9/7/2014 0 1 sleeplog 0 0 0
1 4 Tuesday 10/7/2014 0 1 sleeplog 0 0 0
1 5 Wednesday 11/7/2014 0 1 sleeplog 10 0 6.667
1 6 Thursday 12/7/2014 0 1 sleeplog 0.4 0 0.267
1 7 Friday 13/7/2014 2 1 sleeplog 68 0 45.334
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[.]

output from Pa rt 5 # Data C/ean/'ng
=2/3,
[.]) 1
=3 66% of the waking hours available
(wearing the device)
part5_daysummary_MM_L40M100V400_T5A5.csv

ID | window_number weekday calendar_date cleaningcode | acc_available guider nonwear_perc_day| nonwear_perc_spt [nonwear_perc_day_spt
1 1 Saturday 7/7/2014 0 1 sleeplog 3 84 30
1 2 Sunday 8/7/2014 1 1 HDCZA 0 0 0
1 3 Monday 9/7/2014 0 1 sleeplog 0 0 0
1 4 Tuesday 10/7/2014 0 1 sleeplog 0 0 0
1 5 Wednesday 11/7/2014 0 1 sleeplog 10 0 6.667
1 6 Thursday 12/7/2014 0 1 sleeplog 0.4 0 0.267
1 7 Friday 13/7/2014 2 1 sleeplog 68 0 45.334
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output from I a rt 5 # Data C/ean/'ng

=2/3,

= FALSE,

[.])
=5
part5_daysummary_MM_L40M100V400_T5A5.csv

ID | window_number weekday calendar_date cleaningcode | acc_available guider nonwear_perc_day| nonwear_perc_spt [nonwear_perc_day_spt
1 1 Saturday 7/7/2014 0 1 sleeplog 3 84 30
1 2 Sunday 8/7/2014 1 1 HDCZA 0 0 0
1 3 Monday 9/7/2014 0 1 sleeplog 0 0 0
1 4 Tuesday 10/7/2014 0 1 sleeplog 0 0 0
1 5 Wednesday 11/7/2014 0 1 sleeplog 10 0 6.667
1 6 Thursday 12/7/2014 0 1 sleeplog 0.4 0 0.267
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Output from Part 5 L oto cleoning

=2/3,

= TRUE,

[.])
=5
part5_daysummary_MM_L40M100V400_T5A5.csv

ID | window_number weekday calendar_date cleaningcode | acc_available guider nonwear_perc_day| nonwear_perc_spt [nonwear_perc_day_spt
1 1 Saturday 7/7/2014 0 1 sleeplog 3 84 30
1 2 Sunday 8/7/2014 1 1 HDCZA 0 0 0
1 3 Monday 9/7/2014 0 1 sleeplog 0 0 0
1 4 Tuesday 10/7/2014 0 1 sleeplog 0 0 0
1 5 Wednesday 11/7/2014 0 1 sleeplog 10 0 6.667
1 6 Thursday 12/7/2014 0 1 sleeplog 0.4 0 0.267
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e Mmeta

e Mmsh.outraw

e 40.100_400
e 101_T5A5.Rdata
e 101_T5AL.csV
e behavioralcodes_YYYY-MM-DD.csv

e results

e file summary reports
e Report_101.pdf

* QC
e parts_daysummary_full_.MM_L40M100V400_T5A5.csv

. e parts_daysummary_MM_L40M100V400_T5A5.csv
é ‘Acceltmg e part5_personsummary_MM_L40M100V400_T5A5.csv

46




Output from Part 5

=5

parts_personsummary-MM_L40M100V400_T5A5.csv

ID | Calendar_date | Nvaliddays | Nvaliddays-WD |Nvaliddays_-WE|Ndaysleeper| Ncleaningcodezero |Ncleaningcode1| Nsleeplog-used Nacc_available

1 24/08/2022 6 4 2 0 5 1 5 6

D | Monwear_perc- dur_spt_sleep_ | dur_day_IN_ | dur_.day_MOD_ | dur_day_VIG_ | dur_.day_MVPA_| dur_day_MVPA_ | dur_day_total- | dur_day-_total_
day- min_ unbt_min_ unbt_min_ unbt_min_ bts_10_min_ bts_5_-10_min_ MOD_min_ VIG_min_

1 0] 325.306 230.986 49.375 0.319 2.806 2.681 72.597 0.514

|p |nonwear_perc- dur_spt_sleep- | dur_day-IN_- | dur_day_MOD_ | dur_day_VIG_ | dur_.day_-MVPA_| dur_day_-MVPA_ | dur_day_total- | dur_day-total-
day_ min_ unbt_min_ unbt_min_ unbt_min_ bts_10_min_ bts_5_10_min_ MOD_min_ VIG_min_

1 o} 327.58 231.009 49.107 0.298 3.006 2.693 72.952 0.497

=TRUE

|p | nonwear_perc- dur_spt_sleep- | dur_day-IN_- | dur_day_MOD_ | dur_day_VIG_ | dur_.day_-MVPA_| dur_day-MVPA_ | dur_day_total- | dur_day-_total-
day_ min_ unbt_min_ unbt_min_ unbt_min_ bts_10_min_ bts_5_-10_min_ MOD_min_ VIG_min_

1 O 341.229 231.146 47.5 0.167 4.208 277 75.083 0.329




Output from Part 5

=5

parts_personsummary-MM_L40M100V400_T5A5.csv

ID | Calendar_date | Nvaliddays | Nvaliddays-WD |Nvaliddays_-WE|Ndaysleeper| Ncleaningcodezero |Ncleaningcode1| Nsleeplog-used Nacc_available
1 24/08/2022 6 4 2 0 5 1 5 6
ACC_day-total- ACC_day-total- ACC_day-total- ACC_day-total-
ID IN_mg._ LIG_mg. MOD_mg. VIG.mg. ACC_day-mg- ACC_spt-mg- ACC_day-spt-mg-
1 12.312 64.438 140.033 497.212 34.072 20.446 30.437
ACC_day-total_ ACC_day-total- ACC_day-total- ACC_day-total-
ID IN_mg._ LIG_mg. MOD_mg._ VIG.mg._ ACC_day_-mg- ACC_spt-mg- ACC_day_spt-mg-
n 12.224 64.535 139.877 495.554 34.114 20.101 30.366
=TRUE
ACC_day-total- ACC_day-total- ACC_day-total- ACC_day-total-
ID IN_mg._ LIG_mg._ MOD_mg. VIG.mg. ACC_day-mg- ACC_spt-mg- ACC_day-spt-mg-
1 11.694 65.119 138.941 485.61 34.365 18.034 29.94548




Output from Part 5

=5

parts_personsummary-MM_L40M100V400_T5A5.csv

ID | Calendar_date | Nvaliddays | Nvaliddays-WD |Nvaliddays_-WE|Ndaysleeper| Ncleaningcodezero |Ncleaningcode1| Nsleeplog-used Nacc_available
1 24/08/2022 6 4 2 0 5 1 5 6
ACC_day-total- ACC_day-total- ACC_day-total- ACC_day-total-
ID IN_mg._ LIG_mg. MOD_mg. VIG.mg. ACC_day-mg- ACC_spt-mg- ACC_day-spt-mg-
1 12.312 64.438 140.033 497.212 34.072 20.446 30.437
ACC_day-total_ ACC_day-total- ACC_day-total- ACC_day-total-
ID IN_mg._ LIG_mg. MOD_mg._ VIG.mg._ ACC_day_-mg- ACC_spt-mg- ACC_day_spt-mg-
n 12.224 64.535 139.877 495.554 34.114 20.101 30.366
=TRUE
ACC_day-total- ACC_day-total- ACC_day-total- ACC_day-total-
ID IN_mg._ LIG_mg._ MOD_mg. VIG.mg._ ACC_day-mg- ACC_spt-mg- ACC_day-spt-mg-
1 11.694 65.119 138.941 485.61 34.365 18.034 29'94549




Output from Part 5

N_atleast5minwakenight Nbouts quantile_mostactive60min_mg
Nblocks Nblocks quantile_mostactive30min_mg
dur_spt_wake_IN_min L5VALUE
dur_spt_wake_LIG_min M5VALUE
dur_spt_wake_MOD_min L5TIME_num
dur_spt_wake_VIG_min M5TIME_num

ig_gradient

ig-intercept

ig_rsquared

Fragmentation metrics


https://wadpac.github.io/GGIR/articles/GGIRoutput.html

Output from Part 5

N_atleastsminwakenight
Nblocks
dur_spt_wake_IN_min
dur_spt_wake_LIG_min
dur_spt_wake_MOD_min

dur_spt_wake_VIG_min

Nbouts
Nblocks

quantile_mostactive60min_mg
quantile_mostactive30min_mg
L5VALUE

M5VALUE

LSTIME_num

M5TIME_num

ig_gradient

ig-intercept

ig_rsquared

Fragmentation metrics
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https://wadpac.github.io/GGIR/articles/GGIRoutput.html

Output from Part 5

N_atleastsminwakenight
Nblocks
dur_spt_wake_IN_min
dur_spt_wake_LIG_min
dur_spt_wake_MOD_min

dur_spt_wake_VIG_min

Nbouts
Nblocks

quantile_mostactive60min_mg
quantile_mostactive30min_mg
L5VALUE

M5VALUE

LSTIME_num

M5TIME_num

ig_gradient

ig-intercept

ig_rsquared

Fragmentation metrics

[ ”
=“all
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Output from Part 5

FRAG_Nfrag-IN_day
FRAG_Nfrag_LIPA_day
FRAG_Nfrag_-MVPA_day
FRAG_Nfrag_PA_day
FRAG_Nfrag_IN2LIPA_day
FRAG_Nfrag_IN2MVPA_day

FRAG_TP_PA2IN_day
FRAG_TP_IN2PA_day
FRAG_TP_IN2LIPA_day
FRAG_TP_IN2MVPA_day

FRAG_mean_dur_IN_day
FRAG_mean_dur_LIPA_day
FRAG_mean_dur_MVPA_day
FRAG_mean_dur_PA_day

Gini
CoV
Alpha
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Output from Part 5

output_mystudy

e meta

o FESUILS e

— @ config.csv

1 |Variable Definition

2 |ID File/participant identifier

3 [filename File name

4 'weekday Day of the week (fullname)

5 |calendar_date Calendar date

6 window_number Window number in the recording

7 |start_end_window Start and end time for the window (hh:mm:ss-hh:mm:ss)

8 |sleeponset Sleep onset time (hours from previous midnight)

9 |sleeponset_ts Sleep onset time (hh:mm:ss)

10 \wakeup Sleep onset time (hours from previous midnight)

11 \wakeup_ts Sleep onset time (hh:mm:ss)

12 |night_number Night number in the recording

13 |daysleeper Night classified as daysleeper (i.e., wake-up time after noon)
QC 14 [cleaningcode Cleaning code for the sleen neriod time classification {0=no nroble

. art5_daysummary_dictionary.csv
file summary reports @ part>-day y y

, - @ part5_personsummary_dictionary.csv
variableDictionary

part5_daysummary_MM_L40M100V700_T5A5.csv

part5_personsummary_MM_L40M100V700_T5A5.csv
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Output from Part 5

= TRUE # default = FALSEY
=“csv”  #default = “RData”

= FALSE
# default = TRUE

™ « meta » msb.outraw » 20 70 260

A

~ D Name Status

[/]B9 100019037 T5A5.csv
£37 100023983 T5A5.csv

©Q
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Output from Part 5

= TRUE # defaul A B c D E F G H 5
O
=“csv’  #defau & & &8 ©
& <& & QR N
&L N N G
S 3 & : 9 3 o
= FALSE & NS F s N O O/ %
R > SIS o @& N N
& & & & R & o & & &
# default = TRUE -2 L) b ¢ & & N < “
un = 1404972060 |0 1 1 2 13 0 25.76 14.54 51.09
1404972120 |0 1 1 2 13 0 25.76 14.54 51.09
1404972180 |0 1 1 2 13 0 25.76 14.54 51.09
1404972240 |0 1 1 2 13 0 25.76 14.54 51.09
N « meta » msS.outraw > 20 70 260 1404972300 |0 1 1 2 13 0 25.76 14.54 51.09
- - 1404972360 |0 1 1 2 13 0 25.76 14.54 51.09
oy 1404972420 |0 1 1 2 13 0 25.76 14.54 51.09
A ] Name S 1404972480 |0 1 1 2 13 0 25.76 14.54 51.09
1404972540 |0 1 1 2 13 0 25.76 14.54 51.09
1404972600 |0 1 0 2 13 0 25.76 14.54 51.09
\/ .l
@ 100019037_T5A5.csv ~ 1404972660 (193 1 0 2 13 0 25.76 14.54 51.09
@ 100023983 T5A5.csv G|1404972720 8.492 1 0 2 13 0 25,76 14.54 51.09
- 1404972780  |24.933 1 0 2 13 0 25.76 14.54 51.09
1404972840 |26.1 0 0 2 13 13 55.65 77.99 0
1404972900 |29.658 0 0 2 13 13 55.65 77.99 0
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Output from Part 5

= TRUE # defaul A B C D E F
=“csv’  #defau &
& &
N © &
= TRUE N & & &

<& < & & 6‘6 &
# default = TRUE r 2 : £ =
1404972060 |0 1 1 2 13
1404972120 |0 1 1 2 13
1404972180 |0 1 1 2 13
1404972240 |0 1 1 2 13
T «< meta » msb.outraw > 20 70 260 1404972300 |0 1 1 2 13
1404972360 |0 1 1 2 13
~ 1404972420 |0 1 1 2 13
A [ Name S 1404972480 0 1 1 2 13
1404972540 |0 1 1 2 13
~ 1404972600 O 1 0 2 13
@ 100019037 _T5A5.csv & 1404972660 1193 1 0 5 13
@ 1000229832 T5A5.csv (J|1404972720 8492 1 0 2 13
1404972780  24.933 1 0 2 13
1404972840 [26.1 O 0 2 13
1404972900  |29.658 0 0 2 13

O 0O 0O 000000 o oo o

=
w w
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behavioralcodes_.YYYY-MM-DD.csv

Output from Part 5 i :

class name class_id
spt_sleep
spt wake IN
= TRUE # default = FALSE!Y spt_ wake LIG
=“csv’  #default = "RData” spt_wake MOD
- TRUE spt_ wake VIG
day IN unbt
day LIG unbt
- day MOD_ unbt
day VIG unbt
day MVPA bts 10
| o~ day MVPA bts 5 10
L Name day IN bts 60
20 70 260 day IN bts 30 60
L day LIG bts 30
day LIG bts 10 30

o o 4 O N &= WM = O

« output WHS_acc » meta > ms5.outraw

= e e
w N = O

@ behavioralcodes2022-09-28.csv

=
it




= TRUE

50

20 3 40

10

15 20 25 30

10

5

10 12

8

0 20 40 ©0 80 100

Activity and sleep report: 101_1.gt3x

Time spent in moderate or vigorous activity (average is 17 minutes per day)

N

Total physical activity (average per day is 28 mg)

Duration monitor worn (hours per day)
24 » 24 24 24 24 24

Sleep period time (average is 7.8 hours per night)

8.7

76
. 73 7 72

81

O Nocturnal Wake

O Sleep
SAT SUN MON TUE WED THU FRI SAT
Sleep efficiency (average is 83% per night)
............. O T g 82 g

) I o A . B

Filename: 101_1 gt3x

Day 1: Friday |

19 Mar 2021 SET o Sisen ST o Wake Inacmuty Ligre s, uocerse PA igomuz = Mor-vear

Angle of sensor's z-axis relative to horizontal plane:

Arm mavement:
R
T T T T T T T T T T T T 1
midnight Zam 4am am Bam 10am noon Zpm 4pm pm Bpm 1Dpm midnight
Day 2: Saturday | 20 Mar 2021 | crrwingew Siess 5T wndows Wake inacswy LigrEa Mogers PA igormz FA [— |
Angle of sensor's z-axis relative to horizontal plane:
e N e
Arm movement:
i miiin b e il i dat L . shande Ll il e,
T T T T T T T T T T 1
midnight 2am 4am gam gam 10am noon 2pm 4pm 6pm gpm 10pm midnight
Day 3: Sunday | 21 Mar 2021 | ST Wind: Sesn EET Windime: Wake Inacsvty Liahe 4, [re— igerouz A Han-iear |

Angle of sendor's z-&xis relative to horizontal plane:

B ]_i.l-»'l_,lq‘i‘[fq—"'—} 1

W

Arm maovem
| -~ b o) " F A
T T T T T T T T T T T T 1
midnight Zam 4am Bam gam 10am noon 2pm 4pm Bpm Bpm 10pm midnight
Day 4: Monday | 22 Mar 2021 [ —— [ —— Inacvty Ligrema, [r——— Vigorouz P& Hon-iwear |
r—

Angle of sensor's z-afis relative to horizontal plane:

pord T

Arm maovement:

LSy M

1
Lt

sl i st i a...‘...L‘.......
T

T T T T
Zam 4dam Bam Bam

T T
10am noon 2pm 4pm pm Bpm

T 1
10pm midnight

Day 5: Tuesday | 23 Mar 2021 SET Windu: Slesn SET Winge: Wake Inactty Lighe i, [pe— “igoraus A Haon-iear

Angle of sensor’s

v

Arm movement:

-axis relative to horizontsl plane:

—L_rL_,_I i Lt

...
+
T T T T T
‘midnight Zam 4am Gam Bam
Day 6: Wednesday | 24 Mar 20] et wncow siess s Twndow Wake  inacswiy L en Moderaz FA Vigoraus B4 Hon-iear

Z-auis relative to horizontal plane:

Th AT

Day 7: Thursday | 25 Mar 2021 | 55T Window Siesp 55T Window: Wake Inacsuty Lighe A Moders PA. Wigorous PA Han—wear

Angle of senfor's z-axis relative to horizontal plane:

Arm mavemgnt:

F—l'_ 1ol i B

L el
T







The GGIR pipeline (output folder)

output_mystudy

I meta

esults

— r
—@ config.csv




config.csv file

e Modifiable csv file
e Define arguments used

e Can be called in GGIR to
process new files

°
: 0 ) Accelting
°
o ) h
% Advancing movement & earch

@ | Untitled1* config
i Filter
“ argument
1 config_file_in_outputdir
2 datadir
3 do.report
4 f0
B fi
& mode
7 outputdir
8 studyname
9 GGIRread_version
10 GGIRversion
11 R_wersion
12  gwindow
13 glevels
14 gwindow_dateformat
15 ilevels
16 VIS _windowsize_minutes
17 WI5_epochsize_seconds
18  IVI5.activity.metric
19 IWVIS_acc_threshold
20 gM5LS

value

C:/Users/lairo/Dropbox/output/output_files/config.csv

Ci/Users/lairo/Dropbox/files
c(2.4.5)

1

2

c(1.2)
C:/Users/Jairo/Dropbox/output
cl)

0.2.4

2.8.2

R version 4.2.1 (2022-06-23 ucrt)
c(0.24)
c(0.916666666666067,0.958333333333333)
%ed-%m-26Y

cfl

a0

cfl

2

20

cf)

context

net applicable
not applicable
not applicable
not applicable
not applicable
not applicable
not applicable
net applicable
not applicable
net applicable
not applicable
params_247
params_247
params_247
params_247
params_247
params_247
params_247
params_247

params_247



config.csv file

Processing with config file

°
: 0 ) Accelting
°
o ) h
% Advancing movement & sleep research

(
# Processing with config file

= “C:/mystudy/files/”,
= “C/mystudy/”,
“C:/mystudy/output_mystudy/config.csv”)
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Which parameter value is used?

Parameter specified in R script? | Config.csv available in output What is used?
folder?
NO NO Default parameter values as
clarified in documentation
YES NO Value as specified in R script
YES YES Value as specified in R script
NO YES Value in config.csv file
How would GGIR define ?
[ 2% wadpac.github.io/GGIR/articles/GGIRParameters.html
( GGIR 31-2 The book > Annexes > Installation Get started News~ Contributing Need help?
#3 eneri?/“?/z‘z‘/ng > dv/mvd ” threshold.mod
- °“ myStu y my” ata ’ Numeric (default = 100). In g.part5: Threshold for moderate physical activity to separate light
= Jmyoutpu from moderate. Value can be one number or an vector of multiple numbers, e.g., threshold.mod =
D:/myoutput
) ¢(100, 120). If multiple numbers are entered then analysis will be repeated for each combination

of threshold values. Threshold is applied to the first metric in the milestone data, so if you have
only specified do.enmo = TRUE then it will be applied to ENMO.



Which parameter value is used?

Parameter specified in R script? | Config.csv available in output What is used?
folder?

NO NO Default parameter values as
clarified in documentation

YES NO Value as specified in R script
YES YES Value as specified in R script
NO YES Value in config.csv file
How would GGIR define ?

(

# general settings

= “C:/mystudy/mydata”,
= “D:/myoutput”,
= 200,

= TRUE



Which parameter value is used?

Parameter specified in R script? | Config.csv available in output What is used?
folder?

NO NO Default parameter values as
clarified in documentation

YES NO Value as specified in R script
YES YES Value as specified in R script
NO YES Value in config.csv file
How would GGIR define ?

(

# general settings

= “C:/mystudy/mydata”,
= “D:/myoutput”,
= 200,

= TRUE



Need help?




Where and How to find help?

See https://www.accelting.com/qggir-training-materials/

- First check documentation
- Try create a reproducible example

https://groups.qgoogle.com/q/RpackageGGIR

https://qgithub.com/wadpac/GGIR/issues

ae
ma Grupos
Nueva convarsacién

Mis grupos
Grupes recientes

Grupos favoritos

Conversaciones destacadas

ackage GGIR

Conversaciones 99+
Informacién

Mis &

s de pertenencia

Q

Conversaciones - )

# R package GGIR

calender_date and L5hr_ENMO_mg_0-24hr

rglenn. ben_m...@ ENMO treated in GGIR — Hi Glenn, E ly av ond bir

LA, Vincent van Hees 3 Erros tartMS[1]{s1artMS{1] + {wini * 60 * (60/ws3new])) : NA/NaN argument
gengz...@gmail L Fart 4 sleep efficiency

laure...@g..., Vincent v, Does anyone know what the unit is for the timenum column is in the msS.outraw documen
filip..@g- Vincentv.. 2 Does 'do.roll_med_acc_x' mean median or something else? — Hi Ale:

it is the media

29 sept

28 sept

23 sept

23 sept

21 sept

19 zept

e
o

bas

Pull requests

B wadp:

2 Edit Pins = S watch W -

¥ fok 41

<> Code

© baes 8 Il Pull

B sett

Filters = O © Labels W

() 0open ~ 4

o Tidy up timestamp handling functions feshSncemest

@ Migrate g.wavread from GGIR to GGIRread (FRCGNERMEING (GRS

o

=) Errorin [<- | *tap®, i, L value = nightsummary.tmpSID(1]) : subseript out of bounds

) Improve embedding of step detection (BEpivE IRl SCRpMIZ

& Milestones 1

[ 2]



https://www.accelting.com/ggir-training-materials/
https://groups.google.com/g/RpackageGGIR
https://github.com/wadpac/GGIR/issues

Literature

Where relevant also cited in https://wadpac.qithub.io/GGIR/

0
Journal for the Measurement of Physical Behaviour, 2019, 2, 188-196 ST, f/%
i oeg 10, 1123 mpt 2018-0063 Human Kinetics &3
© 2019 Human Kingtics. Inc METHOOOLOGY

GGIR: A Research Community-Driven Open Source R Package for
Generating Physical Activity and Sleep Outcomes From Multi-Day
Raw Accelerometer Data

Jairo H. Migueles Alex V. Rowlands
PROFITH Research Group, University of Granada  University of Leicester and NIHR Biomedical Research Centre
Florian Huber Séverine Sabia
Netherands eScience Center Inserm, University College London

Vincent T. van Hees
Netherlands eScience Center

Please cite when you use GGIR in your research:
doi: 10.1123/jmpb.2018-0063

d 117: T38-744, 2014

shed August 7, 2014: doi: 10,1152 jappiphysiol 00421, 2014

Autocalibration of accelerometer data for free-living physical activity
assessment using local gravity and temperature: an evaluation on
four continents

Joss Langford,* Felix Assah,* Anwar Mohammad,*

nell,' Tom White,” Nicholas J. Wareham,” and Soren Brage”

stle, United Kingdom: *Department of Statistics,

Vincent T. van Hees,'” Zhou Fang,™
Inacio C. M. da Silva,"” Michael I. T
'Movelab, Institute of Cellular Medicine, N

vastle University, New

University af Cford, Oxford, United Kingdom; *Activinsight. Limited, Kimbolton, United Kingdom; *University of Yaoundé,

Yaoundé, Cameroon; *Dasman Diabetes Institute, Kuwair Ci ederal University of Pelotas-Postgradiate
Program in Epidemiology, Pelotas, Brazil; and "Medical Research Council Epidemiology Unit, University of Cambridge,
Cambridge, United Kingdom

Submitted 20 May 2014; accepted in final form 3 August 2004

& PLOS | one

RESEARCH ARTICLE

Archana Singh-Manoux™*

CrossMark « These authors contributed equally 1o this work.

A Novel, Open Access Method to Assess Sleep
Duration Using a Wrist-Worn Accelerometer

Vincent T. van Hees'***, Séverine Sabia™, Kirstie N. Anderson®, Sarah J. Denton',
James Oliver®, Michael Catt', Jessica G. Abell®, Mika Kivimaki®, Michael . Trenell’,

1 MovelLab - Physical activity and exercise research, Institute of Celular Medicine, Newcastie University,
Mawcastie upon Tyna, United Kingdom, 2 Netherands aScience Center, Amsterdam, The Natharlands,
2 Department of Epidemiclogy & Public Health, University College London, London, United Kingdom.,

4 Raegional Sleop Service, Froeman Hospital, Newcastie upon Tyne, United Kingdom, 8 Centra for
Research in Epidemiclogy and Poputation Heatth, INSEFM, Unit 1018, Vilsjull, Francs

Auto-calibration algorithm:
doi: 10.1152/japplphysiol.00421.2014

Sleep algorithm:
doi: 10.1371/journal.pone.0142533
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How to contribute



GGIR

Open-Source Software

 |ncreases reproducibility ]

* Increases transparency Strengths

e Supports community efforts
to develop new methods

Challenges > e Community effort needed

A




Contribute by...

1. Ask questions / Answer questions

2.
3.
4.
5.

Report issues / Help investigate issues

Review and
Review and

Review anc

e
e

e

D IiMm
D IiMm

D IM

prove documentation
Drove code

prove algorithms

6.Cite GGIR in your publications

GGIR

R package for accelerometry

7.Challenge other researchers to also adopt permissively licensed

Open-Source software



Assignment 3 (build on assignment 2)

Preparation:
e Use the same script as in assignment 1 and 2.

. Copﬁl l’ghis assignment to your R script and turn it into a comment by adding a # at the start of
each line

Task:

e Update your R script to analyse the data with GGIR part 5 for time-use analysis with the following
configuration:

1,2, 5, and 10 min MVPA bouts with a bout criteria of 80% ( )

30 and 60 min inactivity bouts with a bout criteria of 95% ( )

10-min light physical activity bouts with a bout criteria of 80% ( )

Waking-up to waking-up time window ( )

Cut-points: 40, 200 and 700 )m g ENMO for light, moderate and vigorous (

Is there a relationship between daytime MVPA with bouts of at least 10 minutes and sleep in the
following night?

Try to understand what the columns in the part 5 csv-output mean.

Are these cut-points reasonable given published cut-points for children in the literature:
https://wadpac.qgithub.io/GGIR/articles/CutPoints.html



https://wadpac.github.io/GGIR/articles/CutPoints.html

Day
Evaluation



Thank you! o
°© o

T



	Slide Number 1
	GGIR training: Day 3
	BEFORE WE START
	www.accelting.com
	Learning goals�for this session
	www.accelting.com
	The GGIR pipeline
	Output from Part 4 
	Output from Part 4 
	Output from Part 4 
	Output from Part 4 
	Output from Part 4 
	Output from Part 4 
	Slide Number 14
	Sleep visualizations
	www.accelting.com
	Physical activity intensity: cut-points
	Slide Number 18
	Why do we want to detect bouts
	Defining what a bout/sojourn is
	Implementation in GGIR
	Bouts of physical activity/inactivity
	Why does GGIR facilitates bout detection?
	The cut-points annex
	More reflections on the use of cut-points
	www.accelting.com
	The GGIR pipeline
	Part 5: Full-day time use
	Part 5: Full-day time use
	Part 5: Full-day time use
	Part 5: Full-day time use
	Part 5: Full-day time use
	Part 5: Full-day time use
	Part 5: Full-day time use
	Epoch length in part 5
	Epoch length in part 5
	Part 5: Full-day time use
	The GGIR() 
	www.accelting.com
	The GGIR pipeline
	Output from Part 5 
	Output from Part 5 
	Output from Part 5 
	Output from Part 5 
	Part 5
	Output from Part 5 
	Output from Part 5 
	Output from Part 5 
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Output from Part 5 
	Output from Part 5 
	Output from Part 5 
	Output from Part 5 
	Slide Number 59
	www.accelting.com
	The GGIR pipeline (output folder)
	config.csv file
	config.csv file
	Which parameter value is used?
	Which parameter value is used?
	Which parameter value is used?
	www.accelting.com
	Where and How to find help?
	Literature
	www.accelting.com
	Open-Source Software
	Contribute by…
	Assignment 3 (build on assignment 2)
	Slide Number 74
	Slide Number 75

