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Abstract

The Canadian Assessment of Physical Literacy (CAPL) is the first comprehensive protocol
designed to assess a child’s level of physical literacy. Current approaches to analyzing
CAPL-2 raw data are tedious, inefficient, and/or can lead to computation errors. In this
paper we introduce the capl R package (open source), designed to compute and visualize
CAPL-2 scores and interpretations from raw data. The capl package takes advantage of the
R environment to provide users with a fast, efficient, and reliable approach to analyzing their
CAPL-2 raw data and a “quiet” user experience, whereby “noisy” error messages are sup-
pressed via validation. We begin by discussing several preparatory steps that are required
prior to using the capl package. These steps include preparing, formatting, and importing
CAPL-2 raw data. We then use demo data to show that computing the CAPL-2 scores and
interpretations is as simple as executing one line of code. This one line of code uses the
main function in the capl package (get_capl()) to compute 40 variables within a matter of
seconds. Next, we showcase the helper functions that are called within the main function to
compute individual variables and scores for each test element within the four domains as
well as an overall physical literacy score. Finally, we show how to visualize CAPL-2 results
using the ggplot2 R package.

1. Introduction

Physical literacy is defined as “the motivation, confidence, physical competence, knowledge,
and understanding to value and take responsibility for engagement in physical activities for
life” [1]. It has been recognized as the foundation for lifelong healthy active living [2], and sub-
sequently impacted the work of numerous sectors, including physical activity, sport, recrea-
tion, education, and public health [1]. Though the construct of physical literacy has gained
significant attention in recent years [3-5], early advocates emphasized its importance and
highlighted the need for a comprehensive and objective measurement of physical literacy as a
means to understand the state of physical literacy in children, evaluate the effectiveness of
physical activity programming initiatives, and increase the robustness of physical education
assessment [6].

PLOS ONE | https://doi.org/10.1371/journal.pone.0243841 February 22, 2021 1/50


https://orcid.org/0000-0001-8169-5040
https://doi.org/10.1371/journal.pone.0243841
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243841&domain=pdf&date_stamp=2021-02-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243841&domain=pdf&date_stamp=2021-02-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243841&domain=pdf&date_stamp=2021-02-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243841&domain=pdf&date_stamp=2021-02-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243841&domain=pdf&date_stamp=2021-02-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0243841&domain=pdf&date_stamp=2021-02-22
https://doi.org/10.1371/journal.pone.0243841
https://doi.org/10.1371/journal.pone.0243841
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

R package for computing Canadian Assessment of Physical Literacy (CAPL) scores and interpretations

The Canadian Assessment of Physical Literacy (CAPL) was the first comprehensive proto-
col designed to assess a broad spectrum of skills and abilities that contribute to and character-
ize the physical literacy level of a participating child [2]. The CAPL was developed on the
premise that a physically active child is more likely to possess adequate knowledge and under-
standing of physical activity, motivation and confidence, and physical competence than a
physically inactive child. The first version of CAPL was developed and refined between 2009
and 2013 [7] and later revised (CAPL-2) in 2017. The CAPL-2 reflects revisions based on
assessments of over 10,000 Canadian children and is the culmination of test development
efforts, with input from well over 100 researchers and practitioners within related fields of
study [8]. The CAPL-2 comprises four domains: physical competence, daily behaviour, moti-
vation and confidence, and knowledge and understanding. Each domain consists of different
test elements. These test elements can be scored and interpreted independently to provide an
assessment of each attribute of physical literacy or can be combined to provide comprehensive
scores for each domain. An overall physical literacy score can also be calculated using each of
the four domain scores, with suggested interpretations - based on normative data from over
10,000 Canadian children [7] - by age and gender. Numerical CAPL-2 scores are assigned to
one of four categories: beginning, progressing, achieving, and excelling. The beginning and
progressing categories include children who have not yet achieved the optimal level of physical
literacy, the achieving category identifies children who have achieved a score associated with
sufficient physical literacy, and the excelling category reflects children with a high level of
physical literacy.

The number of published research studies using the CAPL/CAPL-2 continues to grow. In
Canada alone, 14 papers from the Royal Bank of Canada Learn to Play - Canadian Assessment
of Physical Literacy study (RBC - Learn to Play CAPL) were published in a supplemental issue
of BMC Public Health (bmcpublichealth.biomedcentral.com/articles/supplements/volume-
18-supplement-2). Data in each paper included approximately 10,000 children aged 8 to 12
years, recruited from several provinces across Canada. The CAPL-2 manual and materials
have been translated in five languages and have been used internationally [9].

In this paper we introduce the capl R package, designed to compute and visualize CAPL-2
scores and interpretations from raw data. R is a programming language and free software envi-
ronment for statistical computing and graphics (https://www.r-project.org/about.html). R is
widely used among statisticians and data analysts, and is among the top 10 most popular pro-
gramming languages according to the TIOBE Programming Community index (www.tiobe.
com/tiobe-index). The capl package is open source and was built to provide users with a fast,
efficient, and reliable approach to analyzing CAPL-2 raw data. Currently, users can analyze
CAPL-2 raw data either manually or through the CAPL-2 website (www.capl-eclp.ca). Manu-
ally analyzing CAPL-2 raw data requires users to navigate through approximately 60 variables
and perform dozens of tedious calculations which are derived from different cut-off criteria,
existing variables, and newly created variables. Hence, this method is often time-intensive and
can lead to errors in scores and interpretations due to incorrect calculations or data entry
errors. The data entry feature on the CAPL-2 website reduces user burden associated with data
manipulation and analysis by computing scores and interpretations for the user. The primary
disadvantage of this feature, however, is that only one participant’s data can be analyzed at one
time, making this approach monotonous and time-intensive. As shown in Supplementary File
A, users using the data entry feature on the CAPL website are required to enter the raw data of
every test element for each participant. Another disadvantage associated with the website is
that some users from academic institutions seeking to analyze their raw data via the website
are often prohibited because of privacy and ethical concerns raised by institutional research
ethics boards. The capl package was specifically designed to address these issues. As shown
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below, the capl package was developed to analyze raw data from hundreds and thousands of
observations (i.e., participants) all at once, in one simple line of code. A number of helper
functions in the package serve to validate the raw data in order to minimize errors and non-
sensical scores and interpretations (see section 2.7.1).

2. Getting started
2.1 Installation

Users can download and install the most recent version of the capl package directly from
GitHub (www.github.com/barnzilla/capl) using the devtools R package.

devtools::install github(
repo = "barnzilla/capl",
upgrade = "never",
build vignettes = TRUE,
force = TRUE

)

library (capl)

Once the capl package is loaded, any available tutorials for the package can be accessed by
calling the browseVignettes () function.

browseVignettes ("capl")

The name and description of each function included in the capl package is outlined in
Table 1.

2.2 Importing raw data

Users must first import their raw data before using the capl package to compute CAPL-2
scores and interpretations. The import capl data () function enables users to import
data from an Excel workbook into the R global environment.

data <- import_capl data(
file path="c:/users/joel/desktop/data.xlsx",

sheet name = "Sheetl"
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Table 1. Name and description of each function included in the capl package.

Name
capitalize_character()
capl_demo_data()
export_capl_data()
get_24_hour_clock()
get_adequacy_score()

get_binary_score()

get_camsa_score()

get_camsa_skill_time_score()
get_camsa_time_score()
get_capl()
get_capl_bar_plot()
get_capl_demo_data()
get_capl_domain_status()
get_capl_interpretation()

get_capl_score()

get_db_score()
get_fill_in_the_blanks_score()

get_intrinsic_motivation_score

0

get_ku_score()

get_mc_score()

get_missing_capl_variables()

get_pa_competence_score()

get_pacer_20m_laps()

Description

This function capitalizes a character vector.

A dataset containing CAPL-2 demo raw data.

This function exports CAPL-2 data to an Excel workbook on a local computer.
This function converts 12-hour clock values to 24-hour clock values.

This function computes an adequacy score (adequacy_score) for responses to items 2, 4 and 6 of the CSAPPA (Children’s Self-
Perceptions of Adequacy in and Predilection for Physical Activity; Hay, 1992) Questionnaire as they appear in the CAPL-2
Questionnaire. This score is used to compute the motivation and confidence domain score (mc_score).

This function computes a binary score (0 = incorrect answer, 1 = correct answer) for a response to a questionnaire item based on the
value(s) set as answer(s) to the item.

This function selects the maximum CAMSA (Canadian Agility and Movement Skill Assessment) skill + time score for two trials
(camsa_score) and then divides by 2.8 so that the score is out of 10. This score is used to compute the physical literacy score
(pc_score).

This function computes the CAMSA (Canadian Agility and Movement Skill Assessment) skill + time score (e.g.,
camsa_skill_time_scorel) for a given trial. This score is used to compute the CAMSA score (camsa_score).

This function computes the CAMSA (Canadian Agility and Movement Skill Assessment) time score based on the time taken (in
seconds) to complete a trial.

This function is the main function in the capl package. It is a wrapper function that calls all other capl functions to compute all
CAPL-2 scores and interpretations from raw data at once. If required CAPL-2 variables are missing, the function will create the
variables and set values for these variables to NA so the function can proceed.

This function renders a bar plot for a given CAPL-2 domain score, grouped by CAPL-2 interpretative categories.

This function generates a data frame of CAPL-2 demo (fake) raw data containing the 60 required variables that the capl package
needs to compute scores and interpretations.

This function computes the status ("complete”, "missing interpretation”, "missing protocol" or "incomplete") of a CAPL domain (e.g.,
pc_status, db_status, mc_status, ku_status, capl_status).

This function computes an age- and gender-specific CAPL-2 interpretation for a given CAPL-2 protocol or domain score (e.g.,
pc_interpretation).

This function computes an overall physical literacy score (capl_score) based on the physical competence (pc_score), daily behaviour
(db_score), motivation and confidence (mc_score), and knowledge and understanding (ku_score) domain scores. If one of the
scores is missing or invalid, a weighted score will be computed from the other three scores.

This function computes a daily behaviour domain score (db_score) based on the step and self-reported physical activity scores. This
score is used to compute the overall physical literacy score (capl_score).

This function computes a score (fill_in_the_blanks_score) for responses to the fill in the blanks items (story about Sally) in the
CAPL-2 Questionnaire. This score is used to compute the knowledge and understanding domain score (ku_score).

This function computes an intrinsic motivation score (intrinsic_motivation_score) for responses to items 1-3 of the the Behavioral
Regulation in Exercise Questionnaire (BREQ) as they appear in the CAPL-2 Questionnaire. This score is used to compute the
motivation and confidence domain score (mc_score).

This function computes a knowledge and understanding domain score (ku_score) based on the physical activity guideline
(pa_guideline_score), cardiorespiratory fitness means (crf_means_score), muscular strength and endurance means (ms_score),
sports skill (sports_skill_score) and fill in the blanks (fill_in_the_blanks_score) scores. If one of the scores is missing or invalid, a
weighted domain score will be computed from the other four scores. This score is used to compute the overall physical literacy score
(capl_score).

This function computes a motivation and confidence domain score (mc_score) based on the predilection (predilection_score),
adequacy (adequacy_score), intrinsic motivation (intrinsic_motivation_score) and physical activity competence
(pa_competence_score) scores. If one of the scores is missing or invalid, a weighted domain score will be computed from the other
three scores. This score is used to compute the overall physical literacy score (capl_score).

This function adds required CAPL-2 variables (see Details for a full list) to a data frame of raw data if they are missing. When
missing variables are added, the values for a given missing variable are set to NA. This function is called within get_capl() so that
CAPL-2 score and interpretation computations will run without errors in the presence of missing variables.

This function computes a physical activity competence score (pa_competence_score) for responses to items 4-6 of the the Behavioral
Regulation in Exercise Questionnaire (BREQ) as they appear in the CAPL-2 Questionnaire. This score is used to compute the
motivation and confidence domain score (mc_score).

This function converts PACER (Progressive Aerobic Cardiovascular Endurance Run) shuttle run laps to their equivalent in 20-metre
laps (pacer_laps_20m). If laps are already 20-metre laps, they are returned unless outside the valid range (1-229). This variable is
used to compute the PACER score (pacer_score).

(Continued)
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Table 1. (Continued)

Name

get_pacer_score()

get_pc_score()

get_pedometer_wear_time()
get_plank_score()

get_predilection_score()

get_self_report_pa_score()

get_step_average()
get_step_score()

import_capl_data()
rename_variable()

validate_age()

validate_character()
validate_domain_score()
validate_gender()
validate_integer()
validate_number()
validate_scale()

validate_steps()

Description

This function computes a PACER (Progressive Aerobic Cardiovascular Endurance Run) score (pacer_score) based on the number of
PACER laps run at a 20-metre distance. This score is used to compute the physical competence domain score variable (pc_score).

This function computes a physical competence domain score (pc_score) based on the PACER (Progressive Aerobic Cardiovascular
Endurance Run), plank and CAMSA (Canadian Agility and Movement Skill Assessment) scores. If one protocol score is missing or
invalid, a weighted domain score will be computed from the other two protocol scores. This score is used to compute the physical
competence domain score (pc_score).

This function computes pedometer wear time in decimal hours for a given day (e.g., wear_timel). This variable is used to compute
the step_average variable and the step score (step_score).

This function computes a plank score (plank_score) based on the duration of time (in seconds) for which a plank is held. This score
is used to compute the physical competence domain score (pc_score).

This function computes a predilection score (predilection_score) for responses to items 1, 3 and 5 of the CSAPPA (Children’s Self-
Perceptions of Adequacy in and Predilection for Physical Activity; Hay, 1992) Questionnaire as they appear in the CAPL-2
Questionnaire. This score is used to compute the motivation and confidence domain score (mc_score).

This function computes a score (self_report_pa_score) for a response to "During the past week (7 days), on how many days were you
physically active for a total of at least 60 minutes per day? (all the time you spent in activities that increased your heart rate and made
you breathe hard)?" in the CAPL-2 Questionnaire. This score is used to compute the daily behaviour domain score (db_score).

This function computes the daily arithmetic mean of a week of steps taken as measured by a pedometer (step_average). This variable
is used to compute the step score (step_score).

This function computes a step score (step_score) based on the average daily steps taken as measured by a pedometer. This score is
used to compute the daily behaviour domain score (db_score).

This function imports CAPL-2 data from an Excel workbook on a local computer.
This function renames variables in a data frame.

This function checks whether an age is valid (numeric and between 8 and 12). CAPL-2 scores and interpretations are valid for
children between the ages of 8 and 12 years.

This function checks whether a vector is a character and not of length zero or "".

This function checks whether a CAPL-2 domain score is numeric and within a valid range.
This function checks whether a vector can be classified as "girl" or "boy".

This function checks whether a vector is an integer.

This function checks whether a vector is numeric.

This function checks whether a vector for a given questionnaire item or scale is valid.

This function checks whether daily steps as measured by a pedometer are valid. The variables from this function are used to compute
step_average and the step score (step_score).

https://doi.org/10.1371/journal.pone.0243841.t001

2.3 Required variables

The capl package requires 60 variables in order to compute CAPL-2 scores and interpreta-
tions. Users can use the get _missing capl variables () function to retrieve a list of
the required variables. The required variables are outlined in the Details section of the
documentation.

?get missing capl variables
o age

o gender

o pacer lap distance

o pacer laps

oplank time

ocamsa_ skill scorel
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camsa_timel

camsa_ skill score2

camsa_time2
stepsl

time onl

time offl

non wear timel
steps?2

time on2

time off2

non wear time2
steps3

time on3

time off3

non wear time3
steps4

time on4

time off4

non wear time4
stepsb5

time onb

time offb

non wear timeb
steps6

time on6

time off6

non wear timeé6
steps’

time on7

time off7

non wear time7
self report pa

csappal
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o csappa?

o csappa3

o csappa4

o csappab

o csappab

owhy activel

owhy activeZ2

owhy active3

o feelings about pal
o feelings about pa2
o feelings about pa3
opa guideline

ocrf means

o ms_means

o sports skill

opa is

opa is also

o improve

o increase

o when cooling down

o heart rate

2.4 Loading the pre-installed dataset

The capl package comes with a demo (fake) dataset of raw data, capl demo_data, which
contains 500 rows of participant data on the 60 variables that are required by the capl pack-
age. Users can load the demo dataset and start exploring.

data (capl demo_data)

The base R str () function allows users to get a sense of how the CAPL-2 raw data should
be structured and named for upstream use in the capl package (see Fig 1).
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str (capl demo_data)

#> 'data.frame': 500 obs.

#> S5 age : int
#> $ gender Jehr
#> $ pacer lap distance: num
#> § pacer laps 2 ki
#> $ plank time S dint
#> § camsa_skill scorel: int
#> § camsa_timel : int
#> § camsa skill score2: int
#> § camsa_time2 Jdnt
#> $ stepsl 2 ant
#> § time onl J chr
#> § time offl Jehr
#> § non wear timel MinG
#> S steps2 O i
#> § time on2 : chr
#> § time off2 Jchr
#> $ non wear time2 2 int
#> S steps3 B sl
#> § time on3 Nchr
#> § time off3 2¥chr
#> § non wear time3 : int
#> $ steps4 s dnt
#> § time on4 B chin
#> § time off4 :chr
#> S non wear timed N0t
#> S steps5 0 ilige
#> § time on5 ;' chr
#> § time off5 ; chr
#> § non wear timed Aine
#> S stepsé6 0 il
#> § time oné6 M chin
#> § time off6 : chr
#> § non wear timeé6 2 int
#> S steps7 oStz
#> § time on7 N chir
#> § time off7 : chr
#> $ non wear time7 2 int
#> § self report pa J dnt
#> § csappal O Stz
#> § csappa2 Nint
#> S csappa3 8 iz
#> $ csappa4 S int
#> S csappab 9 Gz
#> S csappaé B iz
#> § why activel 2 4nt
#> § why active2 : int
#> § why active3 ddnt
#> § feelings about pal: int
#> § feelings about pa2: int
#> § feelings about pa3: int
#> $ pa guideline 2Eint
#> § crf means : int
#> $ ms means int
#> § sports_skill int
#> § pa is Mine
#> § pa is also g i
#> S improve ANt
#> § increase it
#> § when cooling down : int
#> § heart rate 9| sk

of 60 variables:

8098 9881210 12 TON128 91 Coh
"Male" "Female" "Male" "f" ...

1582082081 55920815

15150 150 NAS G0

230 31 169150 63 15 320143 435182500

274 282 9 228 252

110 21 185 6 41

14 5 6 13 .2 9 4.11 5 11

34 27 13 35 21 NA

NA 16 20 14

14 5 13 11 14 14 0 4 0 4

39M23RIARZHIV23 IS

SERS 02 9B 115

30627 27788 8457 8769 14169 9610 29459 ...

"5:13am" "6:13" "
"22:00" NA "21:00
290G S SR o8 85 M6

14905 24750 30111 21077 15786 23828 24735

"06:00" "5:13am"

121:00" 12300 11 13pmUEN2 3500

620718 G s 13
LD 2 00N
20 10 49 64

"6 137 MG 3r

2008284855 BIE 538 658478 828798 N8
21972 15827 14130 13132 18022 12817 14065 ...
"07:00" "05:00" "07:48am" NA ...
"11:57pm" NA "08:30pm" NA ...

6IN7IN23R658 34T

28084 27369 14315 9963 6993 10092 10774

"05:00" "6:13" "6

72 76 60 40 ...

SO N AR

"08: 30pm? U10-57 pm{t " 22 00T 1 =1 3pm! 5

32 38 74 20 75 22
14858 21112 16880
n6:07Y "6:1871106
"11:57pm" "23:00"
61 64 73 23 82 42

17705 5564 16459 12235 27766 26099 15763

84 59 42 22 ...

11707 20917 30200 20220

F00S8105 00 U

"8 17pm" M8l Ipm® o

@9 &5 B del oiag

"06:00" "06:00" NA "6:07" ...

2171:00" NA "10:57
SEW2A S8 93N 78506

pm" "08:30pm" ...
66 21 14 7 ...

1106781 55408021 065187955 5039 290828373351 0
"6:07" "6:07" "8:00am" "06:00"

"08:30pm" "11:13pm!" "8:17pm" "10:57 pm!

8 72 4 38 9 32 49
NA 2 2 4 35NA7
2
1

=N
N
=N
ENEN}
w W

WO WODWWWWAENRWNDN
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Fig 1. Structure of CAPL demo data.

36 34 43 ...
DT i

NA 1 3 3 4 4

OF IR SIS I OS85

https://doi.org/10.1371/journal.pone.0243841.9001

The 60 required variables can also be quickly accessed by calling the base R colnames ()

function.

colnames (capl demo_data)

#> [1] "age"

#> [4] "pacer laps"

"gender"

#> [7] "camsa timel"

#> [10] "stepsl"

"plank time"

"pacer lap distance"

"camsa skill score2"

"time onl"

"time off1"

"camsa skill scorel"

"camsa time2"
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#> [13] "non wear timel" '"steps2" '"time on2"

#> [16] "time off2" "non wear time2'" '"steps3"

#> [19] "time on3" '"time off3" '"non wear time3"

#> [22] "steps4" "time on4" "time off4"

#> [25] "non wear time4" "stepsb5" "time onb5"

#> [28] "time off5" '"non wear timeb" "steps6"

#> [31] "time on6" "time off6" '"non wear time6"

#> [34] "steps7" "time on7" "time off7"

#> [37] "non wear time7" "self report pa'" '"csappal

#> [40] "csappal" "csappa3" "csappad"

#> [43] "csappab" "csappa6" '"why activel

#> [46] "why activel2" '"why active3" '"feelings about pal"
#> [49]

"feelings about pa2" "feelings about pa3" "pa guideline"
#> [52] "crf means" "ms means" '"sports skill"

#> [55] "pa is" "pa is also'" "improve"

#> [58] "increase" '"when cooling down" '"heart rate"

2.5 Generating demo raw data

The capl package is also equipped with the get _capl demo_data () function. This
function allows users to randomly generate demo raw data and takes one parameter, n (set to
500 by default). This parameter is used to specify how many rows of demo raw data to generate
and must, therefore, be an integer and greater than zero. Users, for example, can randomly
generate demo raw data for 10,000 participants by executing a single line of code:

capl demo data2 <- get_capl demo_data (n=10000)

The base R str () function can be called to verify how many rows of data were created.

str (capl demo dataZ2)

#> ’data.frame’: 10000 obs. of 60 variables:

#> 5 age: int10109129121011911...

#> S gender: chr "f" "Boy" "g" "Female" ...

#> 5 pacer lap distance: num 20 2015 201520152015 20...

#> $ pacer laps: int 7593102 131 96 151 129150127 10 ...
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#> $ plank time: int 13212512038 37173164 137267 38 ...
#> 5 camsa skill scorel: int 8NA7566104107...
#> 5 camsa timel: int 1916 34 NA321619202525...
#> § camsa skill scorel: int 7109610866 711...
#> § camsa timel: int 25323523351429271824...

#> 5 stepsl: int 19261 22363 1181 5950 7020 21141 22435
18804 16575 ...

### For complete output, refer to the capl vignette

2.6 Exporting data to Excel

If users prefer to examine the CAPL-2 demo raw data in a workbook, the export capl
data () function allows them to export data objects to Excel.

export_capl data(capl demo data2, "c:/users/joel/desktop/
capl demo dataZ.xlsx")

2.7 Renaming variables

If users import their own raw data and plan to use the main function (get capl () ) in the
capl package to compute CAPL-2 scores and interpretations, they must ensure their variable
names match the names of the 60 required variables. Users can rename their variables by call-
ing the rename variable () function (see Fig 2). This function takes three parameters:
x, search,and replace. The x parameter must be the raw data object, the search
parameter must be a character vector representing the variable name(s) to be renamed, and
the replace parameter must be a character vector representing the new names for the vari-
ables specified in the search parameter. Below we show how to rename variables using a
fake dataset called raw_data.

2.8 Eliminating noisy errors with validation

One of the coding philosophies behind the capl package is to create a “quiet” user experience
by suppressing “noisy” error messages via validation. That is, the capl package returns miss-
ing or invalid values as NA values instead of throwing “noisy” errors that halt code execution.
As important as error messages are, there is potential for many error messages to be thrown in
the capl package due to the large number of computations performed across a diverse set of
variables. This might discourage some users who are not able to eliminate these error messages
in a timely manner. We have, therefore, opted to develop a package that offers a “quiet” user
experience. If any variable is missing, for example, the get capl () function will continue
to execute without throwing error messages. The get missing capl variables ()
function will create required variables that are missing and populate these variables with NA
values. In order to implement the validation philosophy, every capl function enlists helper
functions to validate the data. If a given value is not of the correct class or out of range, an NA
will be returned.
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# Create fake data

raw_data <- data.frame (
age years = sample(8:12, 100, replace = TRUE),
genders = sample(c("girl", "boy"), 100, replace = TRUE, prob = c¢(0.51, 0.49)),
step_countsl = sample (1000:30000, 100, replace = TRUE),
step_counts2 = sample (1000:30000, 100, replace = TRUE),
step_counts3 = sample (1000:30000, 100, replace = TRUE),
step_counts4 = sample (1000:30000, 100, replace = TRUE),
step_counts5 = sample (1000:30000, 100, replace = TRUE),
step_counts6 = sample (1000:30000, 100, replace = TRUE),
step_counts7 = sample (1000:30000, 100, replace = TRUE)

)

# Examine the structure of this data
str (raw_data)

#> 'data.frame': 100 obs. of 9 variables:

#> $ age years sint 11 9088 98 a2 851059 11

#> § genders s chre giri" "girl" "boy'" "boy!" ...

#> § step countsl: int 29476 7737 8687 15668 6001 18993 13855 4850 3446 25192

#> §$ step counts2: int 1697 10915 6515 2636 3024 6929 10354 9918 7051 2041

#> $ step counts3: int 11636 8968 5960 28723 24421 28866 27025 22347 13528 2773 ...
#> $ step counts4: int 10958 20320 5734 10771 20377 7566 7408 11993 26430 7486 ...
#> $ step counts5: int 7664 14798 6046 3523 15527 9168 3167 5677 24014 1323

#> $ step counts6: int 23649 28684 15956 27764 1570 14191 25843 29105 1647 ...

#> § step counts7: int 16226 19206 5629 28200 10345 8644 22719 29006 8736 28737 ...

# Rename the variables
raw_data <- rename_variable (
x = raw_data,

search = c¢(
"age years",
"genders",
"step_countsl"
"step_ counts2"
"step counts3”
"step_ counts4"
"step_ counts5"
"step_ counts6"
"step counts7"

’
’
’
’
’
’

),

replace = c(
"age",
"gender",
"stepsl”,
"steps2",
"steps3",
"steps4",
Ystepsh';
"steps6",
"steps7"
)

)

# Examine the structure of this data
str (raw_data)

#> 'data.frame': 100 obs. of 9 variables:

#> $ age shint S 11RO EE8 9N 28 BRI 08 9N

#> & gender: che Tgirl” "giel? Phoy” Phoyl L.,

#> § stepsl: int 29476 7737 8687 15668 6001 18993 13855 4850 3446 25192 ...

#> § steps2: int 1697 10915 6515 2636 3024 6929 10354 9918 7051 2041

#> § steps3: int 11636 8968 5960 28723 24421 28866 27025 22347 13528 2773 ...
#> § steps4: int 10958 20320 5734 10771 20377 7566 7408 11993 26430 7486 ...
#> § steps5: int 7664 14798 6046 3523 15527 9168 3167 5677 24014 1323 ...

#> § steps6: int 23649 28684 15956 27764 1570 14191 25843 29105 1647 24409 ...
#> § steps7: int 16226 19206 5629 28200 10345 8644 22719 29006 8736 28737 ...

Fig 2. Rename variables.

https://doi.org/10.1371/journal.pone.0243841.g002

2.8.1 Validation functions in the capl package. There are eight validation functions
included in the capl package (displayed in alphabetical order) to help provide a “quiet” user

experience:

ovalidate age()
ovalidate character()

ovalidate domain score ()
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ovalidate gender ()
ovalidate integer ()
ovalidate number ()
ovalidate scale()

ovalidate steps()

Users can learn more about these functions by accessing the documentation within the R
environment.

?validate age
?validate character
?validate domain score
?validate gender
?validate integer
?validate number
?validate scale

?validate steps

Sections 2.7.2 and 2.7.3 illustrate examples of validation.

2.8.2 Validation of age. The CAPL-2 is currently validated with 8- to 12-year-old chil-
dren. However, when a function requires the age variable to execute a computation (e.g.,
get capl interpretation ()),the age variable is validated via the validate age

() function.

validated age <- validate_age(c(7, 8, 9, 10, 11, 12, 13, "",
NA, "12", 8.5))

Notice the NA values in the results.

validated age

#> [1] NA8 91011 12NANANAI1Z2S8

The first element is NA because the original value is 7 and the next five elements are identi-
cal to their original values because they are integers between 8 and 12. Recall that the CAPL-2
is validated with children aged 8 to 12 years, hence why the first value is NA (i.e., outside the
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validated range). The next two elements because the original values ("' and NA) are obviously
invalid. The last element is 8, but notice that the original value is a decimal. Because 8.5 is
between 8 and 12, it is considered valid but the floor of the value is returned since CAPL-2 per-
forms age-specific computations based on integer age.

2.8.3 Validation of gender. The CAPL-2 is currently validated for children who identify
as boys or girls. When a function requires the gender variable to execute a computation, the
gender variable is validated via the validate gender () function.

validated gender <- validate_gender (c("Girl", "GIRL", "g",
"G", "Female", "f", "F", "", NA’ 1))

validated gender

#> [l] "girl n "girl n "girl n "girl n "girl n "girl n "girl n
NA NA "girl"

Notice the results again. This function accepts a number of case-insensitive options (e.g.,
“Girl”, “G”, “female”, “F”, 1) for the female gender and returns a standardized “girl” value. The
two elements that are returned as NA have original values that are obviously invalid (" and
NA). The validate gender () function behaves in a similar fashion for the male gender;
it also accepts a number of case-insensitive options and returns a standardized “boy” value.

validated gender <- validate_gender (c("Boy", "BOY", "b", "B",
"Male"’ llm", "M", " ", NA, O) )

validated gender

#> [1] "boyﬂ "boy" "boy" "boy" "boy" "boy" 'Iboy" NA NA "boy"

3. Computing CAPL-2 scores and interpretations

The CAPL-2 scoring system is outlined in Fig 3 and in the CAPL-2 manual on page 7 (www.
capl-eclp.ca/capl-manual):

The main function in the capl package isthe get capl () function. This function
takes two parameters, raw_data and sort. It computes the CAPL-2 scores in Fig 4 above
and their associated age- and gender-specific interpretations, row by row, by calling the other
functions in the capl package. The raw data parameter must be structured as a data frame
and contain the raw data. The sort parameter is set to “asis” by default. This means the new
computed variables will be added to the data frame as they are computed. If sort is set to
“abc”, all variables will be sorted alphabetically whereas if sort is set to “zyx”, all variables will
be sorted in reverse alphabetical order. Once the raw data has been imported, computing the
CAPL-2 scores and interpretations is as simple as executing one line of code:

capl results <- get_capl (raw data =capl demo data, sort =
"aSiS")
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Daily Behaviour
30 Points

Physical Competence

30 Points

Average Daily Step Count

(Pedometer)
PACER Shuttle Run 25 Points
10 Points
CAMSA Score (time + skill)
10 Points
Plank Self-reported Number
10 Points of Days a Week a Child
Engages in MVPA
5 Points =

Motivation and
Confidence
30 Points

Knowledge and
Understanding

10 Points

Q: Physical Activity Intrinsic Motivation

Comprehension and (3 items)
Understanding (fill in blanks) 7.5 Points
6 Points
Competence
Q: Daily PA Guidelines (3 items)
1Point 7.5 Points
Q: Cardiorespiratory Fitness Predilection
Defintion (3 items)
1Point 7.5 Points
Q: Muscular Strength & Adequacy
Endurance Definition (3 items)
7.5 Points

1Point

Q: Improve Sport Skill
1Point

* CAMSA; Canadian Agility and Movement Skill Assessment
* MVPA; Moderate-to-Vigorous Physical Activity
* PACER; Progressive Aerobic Cardiovascular Endurance Run

Fig 3. CAPL-2 scoring system. Reprinted from www.capl-eclp.ca/capl-manual under a CC BY license, with
permission from Healthy Active Living and Obesity Research Group, original copyright 2017.

https://doi.org/10.1371/journal.pone.0243841.9003

Plank score PACER score “ CAMSA score = Physical competence (range O to 30)

(10 points) * (10 points) (10 points)

Fig 4. Formula for computing the physical competence score. Reprinted from www.capl-eclp.ca/capl-manual under a CC BY license, with
permission from Healthy Active Living and Obesity Research Group, original copyright 2017.

https://doi.org/10.1371/journal.pone.0243841.9g004
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The 40 new computed variables related to/including the CAPL-2 scores and interpretations
can be confirmed by calling the base R str () function (see Fig 5). As illustrated on the first
line of the output, there are now 500 rows of participant data on 100 variables.

3.1 Forty new variables computed by get_capl()

The 40 new variables related to/including the CAPL-2 scores and interpretations that are out-
putted from the get capl () function include:

opacer laps 20m

o pacer_ score

o pacer interpretation
oplank score

oplank interpretation

o camsa_ time scorel

o camsa_time score2
ocamsa_skill time scorel
ocamsa_ skill time score?2
0 camsa_score

o camsa interpretation

o0 pc_score
opc_interpretation

opc status

o step average

ovalid days

o0 step score

o step interpretation

o self report pa score
odb score
odb_interpretation

odb status

o predilection score

o adequacy score
ointrinsic motivation score
o pa_competence score

omc_score
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omc_interpretation
omc_ status
opa_guideline score
ocrf means score

oms means_score

o sports skill score
ofill in the blanks score
o ku_score

o ku_interpretation

o ku status

o capl score

ocapl interpretation

o capl status

4.0 Computing CAPL-2 scores and interpretations manually

Some users may want to validate and compute individual variables and scores. The following
sections introduce the helper functions in the order they appear when called in the get
capl () function.

4.1 Physical competence functions

As illustrated in Fig 4 and in the CAPL-2 manual on page 43 (www.capl-eclp.ca/capl-manual),
the physical competence score is computed by summing the plank, PACER and CAMSA
scores:

4.1.1 PACER 20-metre laps. The pacer laps 20m() function is used to convert
PACER (Progressive Aerobic Cardiovascular Endurance Run) 15-metre shuttle run laps to
20-metre shuttle run laps. If laps are already 20-metre laps, the data are returned as is unless
outside the valid range (1-229). This variable is used to compute the PACER score.

capl demo data$pacer laps 20m <- get pacer 20m_laps (
lap distance = capl demo dataS$pacer lap distance,
laps_run = capl demo dataSpacer laps
)
capl demo data$pacer laps 20m
#> [1] 18 31169 38 63122511033 NA127 623919 NA 84145166
#> [19] 108 125 98 147 85 49 4118 144 8512285197518419 63112

#> [37] 8946 178 35 6912254 79120851 1875917847 5589 98
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str(capl_results, list.len = nrow(capl_results))

'data.frame': 500 obs. of 100 variables:

$ age s dnt 8 9 9812 1012 10 129 ...

$ gender : chr "Male" "Female" "Male" "f" ...

$ pacer lap distance cEnums B1I5W2.0152 0805182 01158115 §1 5 8115 EN AN

$ pacer laps int " 2331 16950 6315/ 328 143 43 182 ...
$ plank time int 274 282 9 228 252 110 21 185 6 41
$ camsa_skill scorel ¢ int 14 5 6 13 2 94 11 5 11 5

$ camsa timel int 34 27 13 35 21 NA NA 16 20 14

$ camsa_skill scorez int 14 513 11 14 14 0 4 0 4

$ camsa time2 seint 35 23 14R35823 23 33 30829 F118 . o

$ stepsl : int 30627 27788 8457 8769 14169 9610 ...
$ time onl :chr  "5:13am!" "6:13" "6:07" "6:13" ...
$ time offl s (chr 122:00' NA "271:00M"22:0057.7%.

$ non wear timel S ints 25031733 25 83 67 207 1049 64

$ steps2 s int 14905 24750 30111 21077 15786 ...
$ time on2 s chrs $106:000805: ] 3aml' 26 -1 3 W6 130 oo
$ time off2 chr S 121:00" 23200 "11:13pm""23:0010. ..,
$ non wear time2 1nt 82008254855 153065478 828798

$ steps3 sint $21972 1582731 49308131 32518022,

$ time on3 ¢ chr "07:00" "05:00" "07:48am™ NA ...

$ time off3 : chr "11:57pm" NA "08:30pm" NA ...

$ non wear time3 s dnt 679 23 65 34 15 72 76 60 40, ...

$ steps4 ant 28084827369 81431559963 6993 100928 525
$ time ond : chr "05:00" "6:13" "6:07" NA ...

$ time off4 "08:30pm" "10:57 pm” "22:00" ...

$ non wear timed 32 38 74 20 75 22 84 59 42 22 ...
$ steps5 14858 21112 16880 11707 20917

$ time onb L6210 700006 -1 SURNO 61 0005 =00 SIS0
$ time off5 17 :57pm" "23:0000 "8 : 1 7pm" 0.

$ non wear time5 61 64 73 23 82 42 66 38 55 18 ...
$ steps6 17705 5564 16459 12235 27766 ...

$ time on6 "06:00" '"06:00" NA "6:07'" /...

$ time offé6 215000 NARY1 0257 pm 2208 :30pmts he
§ non_wear_ time6 33 24 89 8 27 56 66 21 14 7 ...

$ steps7 11067 13540 12106 18795 15039 9082
$ time on7 "6:07" "6:07" "8:00am” "06:00" ...
$ time off7 108:30pm” "11:13pm "8 17pmil .ol

$ non wear time7 8 72 4 38 9 32 49 36 34 43 ...

§ self report_pa NA22435NA767...

$ csappal IS 2R AR08 I8 23R 28 218 3805

$ csappa2 A28 TIRT ST AR § 403 e

$ csappa3 253028 T SNAT T 833 4

$ csappa4d 4113444441 .

S csappas 4 2 30251 282 28 41

$ csappa6 3414222344.

$ why activel 48 38603 N TROIRANT T RO

$ why active2 5342535NA5NA

$ why active3 383184 28 34 453

$ feelings about pal int 403 202 113 4 4020

$ feelings about pa2 Gnt W5 2" 203840284 452855

$ feelings about pa3 ANt 28 OR 2858 3L 2RI 1§ 385 8

$ pa guideline ANt SN2 S SEANTS 2 B4R 38 DRI

$ crf means ant 1 44 221 2 14 1.

§ ms_means Sham g Alsne Sl TR

$ sports skill dnt S23 48451 E 3NT 3TN N3

$ pa is int 101111121231

$ pa_is also Int W5 IRARAN] STR2 8T 2 8N

$ improve I NESNININOEE S IR ORI S S8 I R6

$ increase int 28 8831585 F183 8 3L 8883

$ when_cooling down SnEANA oS A7 IR OIS OO 2 B

$ heart rate int 5644494874 ...

$ pacer laps 20m num 18 31 169 38 63 12 25 110 33 NA ...
$ pacer score num 3 6 10 7 10 2 5 10 6 NA ...

$ pacer interpretation chr '"progressing" "excelling" 5

$ plank score num 10 10 0 10 10 9 1 10 0 3 ...

$ plank interpretation chr "excelling" "excelling"” ...

$ camsa_time scorel num 1 3 14 1 6 NANA 11 7 13 ...

$ camsa time score2 num 5] 3EINS RSN E289 8 N

$ camsa skill time scorel num 15 8 20 14 8 NA NA 22 12 24

$ camsa_skill time score2 numESTSRT0N2 61 2001 9 9S82 81 3878,

$ camsa score num 5.36 3.57 9.29 5 6.79 ...

$ camsa_interpretation chr "beginning" "beginning" ...

$ pc score num 19.5 24 15 22 30 16.5 9 30 9 NA ...
$ pc_interpretation chr "achieving" "excelling" ...

$ pc status chr "complete” "complete" "complete” ...
$ valid days int 6 4557 67766 ...

$ step average num 18098 21693 13178 14517 16956 ...
$ step score num 25 .25 19021 23022523 15 22" 23 ...

$ step interpretation chr '"excelling" "excelling" ...

$ self report _pa score num NA 11324NAS555 ...

$ db _score : num NA 26 20 24 25 26 NA 20 27 28 ...

$ db_interpretation NA "achieving" "progressing" ...

$ db_status "incomplete" "complete" ...

$ predilection score 356149850 53 ENAS 3 6. 28 4508 4 88 4.5 9N IS
$ adequacy_score 204 550758453051 58 5155 4 L 204 3 Y
$ intrinsic motivation score: chr

$ pa competence score SEnUmES; S SR ON S ORI 684 5 R4 SR ON6 T
$ mc_score : num 15.3 20.5 21.3 16.4 NA ...

$ mc_interpretation chr "beginning" "progressing" ...

$ mc status chr "missing protocol” ...

$ pa guideline score num 0100001000 .

$ crf means score num 0001101000 .

§ ms_means_score :num 0010011000 .

$ sports skill score srnums LOST IR0 08 000" ORTNG S

$ fill in the blanks_score numISTESE2H5 S58 SES G314 w0

$ ku_score snum 1746646344 ...

$ ku interpretation : chr "beginning” "achieving” ...

$ ku status chr "complete" "complete" "complete” ...
$ capl_score : num 51.2 77.5 60.3 68.4 87.1 5

$ capl interpretation : chr '"progressing" "excelling" ...

$ capl status : chr "missing protocol"” "complete"” ...

Fig 5. Confirmation of forty new computed variables.

https://doi.org/10.1371/journal.pone.0243841.9005
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#> [55] 7911911 70 89 88 68 82116 381521954 69100 99 NA 88
#> [73] 57 43 98125127516 17320 33899939354310017715
#> [91] 141 141 39NA 8 41 432101 NA54 7890176402122 58

#> [109] 98 551 112101 12212177 389231 53102200138 166 62
31

4.1.2PACER score. The get pacer score () function computes a PACER score

that ranges from zero to 10 based on the number of PACER laps run at a 20-metre distance.
This score is used to compute the physical competence domain score variable.

capl demo data$pacer score <- get_pacer_score (capl demo -
dataS$pacer laps 20m)

capl demo dataS$pacer score
#>[1] 361071025106 NA101073NA101010101010101090

#> [26] 1010101010101 10310101091071010101010100
101010

#> [51] 910101010102101010101010 7101001010 10NAI10
10810

#> [76] 10101 3104610107 78101031010 7NA188010NA

#>[101] 10101010801010101101010102107106101010
101010

#> [126] 61010101010109101010101010101010NA108 310
101010

#> [151] 6101010101051010101010 71021010101 81010
101010

#>[176] 5101010210108 10101010101010101054810103
1010

#> [201] 3510101010103 NA1010671010NA5 910107 9NAIO
9

#> [226] 1010 91010NA6107105101010101010NA1010101
I0NA 10

### For complete output, refer to the capl vignette

4.1.3 PACER interpretation. The get capl interpretation () function com-

putes an age- and gender-specific CAPL-2 interpretation for a given CAPL-2 protocol or
domain score.
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capl demo dataSpacer interpretation <- get capl interpreta-
tion (

age = capl demo_dataS$age,
gender = capl demo_data$gender,
score = capl demo_ data$pacer score,
protocol = "pacer"

)

capl demo dataS$pacer interpretation

#> [1] "beginning" "beginning" "progressing" "beginning”
"beginning"

#> [6] "beginning" "beginning" "progressing" "beginning" NA
#> [11] NA "beginning'" NA NA NA

#> [16] "progressing" "beginning" "progressing" "beginning"
"orogressing"

#> [21] "beginning"” "beginning" "progressing" NA NA
#> [26] NA "beginning" NA "beginning" "progressing"
#> [31] "progressing" "beginning" "beginning" NA "beginning"
#> [36] NA NA "beginning" "progressing"” "beginning"

#> [41] "beginning" "progressing" "progressing" "beginning"
"beginning"

#> [46] "progressing"” NA "progressing" NA NA

### For complete output, refer to the capl vignette

4.1.4 Plank score. The get plank score () function computes a plank score that
ranges from zero to 10 based on the duration of time (in seconds) for which a plank is held.
This score is used to compute the physical competence domain score.

capl demo data$plank score <- get plank score (capl demo -
dataSplank time)

capl demo data$plank score

#>[1] 1010010109110031010101010101010010105310
9

#> [26] 101001050051051047103610010861010010
#> [51] 591010101010101010108010410290610107104

#> [76] 1010106 0101010109101010105010101018101038
2
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#> [101] 41001021091031010510841010101001010010
10

#> [126] 101010101051031001070107010101061010100
1

#> [151] 51010521041010101011008101007 71010110
10

#> [176] 10101010101 091010101010101063310101 1010
108

#> [201] 0010410310103 010310101071001010101 1010
0

#> [226] 101010241004 01010061010100101081010100
10

### For complete output, refer to the capl vignette

4.1.5 Plank interpretation. The get capl interpretation () function computes
an age- and gender-specific CAPL-2 interpretation for a given CAPL-2 protocol or domain
score.

capl demo data$plank interpretation <- get_capl_ interpreta-
tion (

age = capl demo_dataS$age,
gender = capl demo_data$gender,
score = capl demo data$plank time,
protocol = "plank"

)

capl demo dataS$plank interpretation

#> [1] "excelling" "excelling" "beginning"” "excelling"
"excelling"

#> [6] "excelling" "beginning" "excelling" "beginning"
"orogressing"

#> [11] NA "excelling'" NA NA "excelling"

#> [16] "excelling" "excelling" "excelling" "beginning"
"excelling"

#> [21] "excelling" "achieving" "progressing" NA NA
#> [26] NA "excelling'" NA "excelling" "progressing"

#> [31] "beginning" "beginning" "progressing" NA
"orogressing"
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#> [36] NANA "achieving" "excelling" "progressing"

#> [41] "progressing" "excelling" "beginning" "excelling"
"achieving"

#> [46] "progressing" "excelling" "excelling" NA NA

### For complete output, refer to the capl vignette

4.1.6 CAMSA time score. The get camsa time score () function computes the

CAMSA (Canadian Agility and Movement Skill Assessment) time score that ranges from one
to 14 based on the time taken (in seconds) to complete a trial (see Fig 6).

4.1.7 CAMSA skill + time score. The get camsa skill time score () function

computes the CAMSA skill + time score for a given trial that ranges from one to 28 (see Fig 7).
This score is used to compute the CAMSA score.

4.1.8 CAMSA score. The get camsa_score () function computes the maximum

CAMSA skill + time score for two trials and then divides by 2.8 so that the score is out of 10.
This score is used to compute the physical literacy score.

capl demo data$camsa score <- get_camsa_score (

camsa skill time scorel =capl demo data
$camsa_skill time scorel,

camsa_skill time score2
$camsa skill time score?2

)

capl demo_data

capl demo data$camsa score
#> [1] 5.357143 3.571429 9.285714 5.000000 6.785714 NA NA

#> [8] 7.857143 4.285714 8.571429 5.357143 8.571429 8.571429
9.285714

#> [15] 6.428571 9.285714 NA 6.428571 3.214286 3.571429
6.428571

#> [22] 5.714286 8.928571 7.500000 NA 8.571429 NA 8.214286
#> [29] 10.000000 2.857143 NA 5.714286 NA 8.571429 10.000000

#> [36] 7.500000 7.857143 6.428571 7.142857 6.428571 5.714286
NA

#> [43] 6.071429 5.714286 9.642857 2.142857 7.500000 8.214286
8.571429

#> [50] 7.857143 7.500000 10.000000 7.142857 7.142857 NA
4.285714

#> [57] 6.785714 6.428571 7.857143 6.428571 3.928571 4.285714
10.000000
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#> [64] 5.714286 NA 7.500000 6.071429 NA 7.500000 NA

### For complete output, refer to the capl vignette

4.1.9 CAMSA interpretation. The get capl interpretation () function com-
putes an age- and gender-specific CAPL-2 interpretation for a given CAPL-2 protocol or
domain score

capl demo data$camsa interpretation <- get_capl interpreta-
tion (

age = capl demo dataS$Sage,
gender = capl demo dataSgender,
score = capl demo data$camsa score,
protocol = "camsa"

)

capl demo dataS$camsa interpretation

#> [1] "beginning" "beginning" "excelling" "beginning"
"orogressing"

#> [6] NANA "progressing" "beginning" "excelling"

#> [11] NA "achieving" NA NA "progressing"

#> [16] "excelling" NA "progressing" "beginning" "beginning"
#> [21] "progressing" "beginning" "excelling'" NA NA

#> [26] NA NA NA "excelling" "beginning"

#> [31] NA "beginning" NA NA "excelling"

#> [36] NA NA "progressing" "progressing" "progressing"

#> [41] "beginning" NA "progressing" "beginning" "excelling"
#> [46] "beginning" "progressing" "achieving'" NA NA

### For complete output, refer to the capl vignette

4.1.10 Physical competence score. The get pc_ score () function computes a physi-
cal competence domain score that ranges from zero to 30 based on the PACER, plank and
CAMSA scores. If one protocol score is missing or invalid, a weighted domain score is com-
puted from the other two protocol scores. This score is used to compute the physical compe-
tence domain score.
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# Trial 1

capl demo_dataScamsa time scorel <- get_camsa_time score(capl demo dataScamsa timel

# Trial 2

capl demo data$camsa_time score2 <- get_camsa_time score(capl demo data$camsa time2)

# Time scores for trial 1
capl demo data$camsa time scorel

#> [1] 1 314 1 6 NANA 11 713 1 14 1314 9 14 514 1 4 6 2 10 14 NA
#> W26 51 NS A 1 ST B B G I G T RS T R T ORI O] AR AR TR 55 I TR 3 S O SRR T R O
#> RS 78S WSRO R4 T IO 68 13 W6 N3 B4R 64T S TN A S5 4SS ON T AN /N 12812,
#> [76] 8 7 1 NA 14 10NA 6 1 5 7 1 1 4 1 1 1NA 8 414 1 10 4 13
>0 1O ENAS S5 13 ST 1 RS TMO SN 1 OSWIRNT 128 1 381 S RIRNAR T 4882 7 3818 1 IS AN T ST
#> [126] NA 14 14 NA 10 5 NA 4 12 1 NA 11 11 NANA 8 8 1 3 114 14 1 10 5
£ (5T TN T 6 8 3 RS ST AN OB B 1 5 S5 A TR R SO 20 O BN TS AN 618 1 A 1 28 114
#> [176] 13 1 14 8 510 5 7 211 214 4 11 511 14 14 14 1 14 3 NA 9 8
£>N 20188 5B SN SER 7 A TR IS L ON 128 ST AN TS N6 T 281 T A A Q76 =1 4R 5 SR 088 8
A 122.6/ IR SN SIS AT 5 S ST SR T4 B4 SRR AR GRINA 62 BG4
### For complete output, refer to the capl vignette

# Time scores for trial 2

capl demo_data$camsa_time score2

AN 1Y TR O WS S5 R 6 TSR TSROSOl 3 0 S 5 T AN O T 2SN AGE T RN TR DI 5T 1B T
> [260ENCER 2N O 2 8 SN 8 BTN T A28 1 4812 8 1O SRS ETHAN T ORS T8 N AR R 18] 48 SR 61 11 813888 5
#> [51] 1 14 14 14 3 1 8 14 14 5 1 1 14 1 NA 14 11 1 10 3 714 8 4 1
#> [76] 1 3 5 1 1NA 8 1 5NA 2 1NAIO 2 1 614 7 312 8 14 14 6
AN N0 R8T SIS ST B GRNO S IS SR ORS7 S8 114 314 8 TSRS 180T OB 67 85714 S0 01T SR 51 AR 3 1.
#>[126] 114 17 1 s e 414504 2 NAT LSS 4 120 h 4 2 s 138 125 1 S NAS 2 42
#o BTGNS AN 5] B8 W 5 ST AR T 282 S 10 M T SR8 B4R T4 68N 5E 6838 T4 ST RN ORESER 68 ] 2
#> [176] 4 10 10 14 14 5 1 814 4 2 6 414 614 914 1 1 NA 11 1 1 14
#> [201] 4 9 112 411 1 6 1 1 113 4NA 614 1 114 7 6 1 1 1 4
#> [226] 12 14 NA 1 14 314 14 3 5 1 614 8 13 NA 7 614 314 6 214 5
### For complete output, refer to the capl vignette
Fig 6. Calucate CAMSA time score.
https://doi.org/10.1371/journal.pone.0243841.9006

# Trial 1

capl demo data$camsa skill time scorel <- get_camsa skill time score (

camsa_skill score = capl demo data$camsa skill scorel,

camsa_time score = capl demo data$camsa_time scorel

)

# Trial 2

capl demo data$camsa skill time score2 <- get_camsa skill time score (

camsa_skill score = capl demo data$camsa skill score2,

camsa_time score = capl demo data$camsa time score2

)

# Time scores for trial 1

capl demo_data$camsa_skill time scorel

#> [1] 15 & 20 14 8 NA NA 22 12 24 15 24 24 18 13 24 11 18 9 5 10 16 19 21 NA
#> [26] 24 17 23 28 8 NA 6 NA 8 5 7 618 15 18 16 11 17 16 5 6 21 10 1 22
#> 0 [ 2 0 501 78135 1.6 2125198 160 111 8 181 1 8128211 61 OR 1 481 0- NASS 9 ENA ST 3ENAS 178 211817
#> [76] 18 18 15 NA 25 21 NA 10 14 52015 7 9 614 7NA 9 927 6 16 10 NA
#> [101] NA 17 24 14 8 20 13 13 17 10 9 21 19 20 14 NA 21 6 25 15 19 15 14 19 8
#> [126] NA 21 26 NA 23 17 NA 17 17 5 NA NA 18 NA NA 18 NA 14 8 15 27 NA 12 21 17
#> [151] 8 NA 24 10 15 9 20 14 14 NA NA NA 18 15 9 17 21 9 23 13 23 10 27 NA 28
#> [176] NA 8 25 21 19 12 13 12 13 25 14 25 8 16 15 15 26 18 23 11 19 NA NA 20 12
#2028 681 28 19N T6 16 816 178 20581 0N 11882 3 W31 78 SN 2581 981 5H21 14828816 WE6 12081 9.
#>N 2268 1281 9NNANT 6 R 9ENARIINT 38T 78RO 8 8189 AR 21 111 T ORNA SIS BT 381 4811 81 A8 1128126
### For complete output, refer to the capl vignette

# Time scores for trial 2

capl demo _data$camsa_skill time score2

#> (171510 26 12 19 19 1 5 2013 12 18 14 26 18 26 NA 14 8 10 18 9 25 13 11
#> [26] 13 NA 19 10 7 8 16 28 24 28 21 22 16 20 16 13 NA 3 8 27 6 14 23 24 16
#> [51] 12 28 20 20 NA 11 13 18 22 6 5 828 7 NA 21 17 5 21 16 NA 26 NA 12 12
#> [76] 13 17 10 12 5 NA 8 NA 8 NA 7 8 NA 18 9 51519 14 13 16 9 22 19 17
#> [101] 18 12 6 23 13 16 17 9 13 14 26 20 21 NA 14 15 5 15 14 23 13 14 7 13 22
#>N126] 0 7 17170138 110 125180 250108 NA 16 1.0 18 14128 25578 1726 215 230 NAL T 713 23
#>0 (15T R G198 122 T 200 9522012 24 6 1182426 NA 16 7 2224 22718 17 18 16
#7628 9NN 7 82 582 70 SR 5 TS O ST I s TN 2,68 T 08T SR 82:2 W7 N2 S NAR D5 11 SR 7801,
#> [201] 16 16 12 23 15 22 7 14 15 9 12 19 16 NA 10 NA 10 3 NA 14 10 5 7 8 13
#> [226] 181228 NA 11 26 15:22°21 11 18 10 10 28 1415 NA 15 14 215 9 27 15 11 24 18

### For complete output, refer to the capl vignette

Fig 7. Calculate CAMSA skill + time score.

https://doi.org/10.1371/journal.pone.0243841.g007
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capl demo dataS$pc score <- get_pc_score (
pacer score =capl demo dataS$pacer score,
plank score =capl demo dataSplank score,
camsa_score = capl demo data$camsa_ score

)

capl demo dataS$pc score

#>[1] 19.524.015.022.030.016.59.030.09.0NA30.030.0
25.519.5NA

#> [16] 30.030.030.015.030.030.022.519.528.513.530.0
30.015.030.022.5

#>[31] 15.01.522.519.525.030.021.024.030.015.024.0
30.015.030.027.0

#> [46] 24.015.030.015.030.021.029.030.030.030.0230.0
18.030.030.030.0

#> [61] 30.027.020.025.521.030.03.028.515.024.0NA30.0
25.527.021.0

#>[76] 30.030.016.513.515.021.024.030.025.024.025.5
27.030.030.012.0

#> [91] 15.030.025.522.53.024.027.015.027.0NA21.0 30.0
15.030.015.0

#> [106] 15.028.530.019.516.030.022.530.027.011.030.0
25.530.024.015.0

#> [121] 30.030.015.030.030.024.030.030.030.030.022.5
30.018.030.015.0

#> [136] 30.025.515.030.025.515.030.0NA30.021.019.5
30.030.015.016.5

### For complete output, refer to the capl vignette

4.1.11 Physical competence interpretation. The get capl interpretation()

function computes an age- and gender-specific CAPL-2 interpretation for a given CAPL-2
protocol or domain score.

capl demo dataSpc interpretation <- get capl_ interpretation

(
age = capl demo_dataS$Sage,

gender = capl demo_data$gender,
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score = capl demo data$pc_ score,
protocol = "pc"

)

capl demo dataSpc interpretation

#> [1] "achieving" "excelling" "progressing" "excelling"
"excelling"

#> [6] "progressing" "beginning" "excelling" "beginning" NA
#> [11] NA "excelling" NA NA NA

#> [16] "excelling" "excelling" "excelling" "progressing”
"excelling"

#> [21] "excelling" "excelling" "achieving" NA NA
#> [26] NA "excelling'" NA "excelling" "achieving"

#> [31] "progressing" "beginning" "excelling"

NA "excelling"
#> [36] NA NA "excelling" "excelling"
"orogressing"

#> [41] "excelling" "excelling" "progressing" "excelling"
"excelling"

#> [46] "excelling" "progressing'" "excelling" NA NA

### For complete output, refer to the capl vignette

4.1.12 Physical competence domain status. The get capl domain status()

function computes the status (“complete”, “missing interpretation”, “missing protocol” or
“incomplete”) of a CAPL domain.

capl demo dataS$pc status <- get_capl_ domain_ status(
x = capl demo data,
domain = "pc"

)

capl demo data$pc status

#> [1] "complete" "complete" "complete"
#> [4] "complete" "complete" "missing protocol"
#> [7] "missing protocol" "complete" "complete"
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Pedometer steps
component score t
(range O to 25)

#> [10] "incomplete” "missing

interpretation”" '"complete

#> [13] "missing interpretation” "missing
interpretation” "incomplete"

#> [16] "complete" "missing protocol" "complete"
#> [19] "complete" "complete" "complete"

#> [22] "complete” "complete" "missing
interpretation”

#> [25] "missing interpretation" "missing interpreta-
tion" "missing protocol"

#> [28] "missing interpretation" "complete" "complete"

### For complete output, refer to the capl vignette

4.2 Daily behaviour

As illustrated in Fig 8 and in the CAPL-2 manual on page 26 (www.capl-eclp.ca/capl-manual),
the formula for computing the daily behaviour score is:

Weekly time spent
in MVPA
component score
(range O to 5)

Daily behaviour (range O to 30)

Fig 8. Formula for computing the daily behaviour score. Reprinted from www.capl-eclp.ca/capl-manual under a CC BY license, with
permission from Healthy Active Living and Obesity Research Group, original copyright 2017.

https://doi.org/10.1371/journal.pone.0243841.9008

4.2.1 Step average. Theget step average () function computes the daily arithme-
tic mean of a week of steps measured by pedometry. This variable is used to compute the step
score.

step df <- get_step average (

capl demo data

The get step average () function returns a data frame with nine columns: steps1
(validated), steps?2 (validated), steps3 (validated), steps4 (validated), steps5 (vali-
dated), stepsé6 (validated), steps7 (validated), valid daysand step average (see
Fig9).

There must be at least four valid days of pedometer step counts for an arithmetic mean to
be computed. If there are less than four valid days, one of the step values from a valid day is
randomly sampled and used for the fourth valid day before computing the mean. Other
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important capl functions called by the get step average () function include get -
pedometer wear time () andvalidate steps () (see Fig 10).

4.2.2 Step score. Theget step score () function computes a step score that ranges
from 0 to 25 based on the average daily steps taken as measured by a pedometer. This score is
used to compute the daily behaviour domain score.

capl demo dataSstep score <- get step_score (capl demo data
$step average)

capl demo dataS$step score

#> [1] 25251921 232223152223251219209242422242121
25232223

#> [26] 2521 232222232318222025252525231925232522
1613242112

#> [51] 25252420232514232520252013252122521251824
14251920

#> [76] 22208252125251921142525251625212021252525
25232525

#> [101] 24 222325231311 25NA2325102525191324211618
2525242019

#> [126] 2211 231415172424142325212022131825201819
1214252325

#> [151] 2217 221822232523141918252517251625221922
226221625

#> [176] 24 222322241521 25252225242522222314221422
2224192316

#> [201] 1417 42422252320251924222524152522212522
1623162525

#> [226] 2519132025202521252522211818242115231821
2524252525

### For complete output, refer to the capl vignette

4.2.3 Self-reported physical activity score. Theget self report pa()
function computes a score that ranges from zero to five based on the response to “During the
past week (7 days), on how many days were you physically active for a total of at least 60 min-
utes per day? (all the time you spent in activities that increased your heart rate and made you
breathe hard)?” in the CAPL-2 Questionnaire (www.capl-eclp.ca/wp-content/uploads/2018/
02/CAPL-2-questionnaire.pdf). This score is used to compute the daily behaviour domain
score.
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str(step_df)

#> 'data.frame': 500 obs. of 9 variables:

#> § dayl : num NA NA 8457 8769 14169 ...

#> § day2 : num 14905 24750 NA 21077 15786 ...
#> $ day3 : num 21972 NA 14130 NA 18022 ...

#> § day4 : num 28084 27369 14315 NA 6993

#> $ dayb : num 14858 21112 16880 11707 20917 ...
#> $ dayé6 : num 17705 NA NA 12235 27766 ...

#> § day7 2 num 11067 13540 12106 18795 15039! ...
#> S valid days : int 6455 7 6 77 66 ...

#> $ step average: num 18098 21693 13178 14517 16956 ...

# Add the step average to the dataset
capl demo_data$step average <- step dfS$step average

capl demo_dataS$step average

#> [1] 18098 21693 13178 14517 16956 15255 16964 11217 15484 16110 20592 9690
#> [13] 13268 13716 8191 17137 17574 15004 17104 14797 14610 24677 16391 15780
#>  [25] 16702 18576 14723 16389 15544 15383 16193 16330 12529 15559 13823 19899
#> [37] 19027 20663 21974 16912 13020 20361 16285 21868 15697 11545 10465 17299
#> [49] 14989 9863 19244 22727 17715 13539 16811 19710 10736 16569 19995 13647
#> [61] 18848 13814 10218 21350 14978 15590 6361 14599 22695 12641 17406 10669
#> [73] 20599 13489 13568 15639 13953 7900 19802 14654 19570 18182 13025 14514
#> [85] 10707 25060 20010 21873 11736 18536 14424 13681 14932 23005 20833 19984
#> [97] 18067 16457 21822 19952 17070 15288 16932 19190 16497 10412 9214 21416
#> [109] NA 16792 21003 8517 24588 20734 13038 10231 17390 14517 11564 12506

### For complete output, refer to the capl vignette
Fig 9. Calculate daily step average.
https://doi.org/10.1371/journal.pone.0243841.9009

wear timel <- get pedometer_ wear_ time (
time on = capl demo dataS$time onl,
time off = capl demo data$time offl,
non _wear time = capl demo_data$non_wear timel

)

wear timel

#> (1] 16.37 NA 14.33 15.37 14.12 14.67 17.50 17.83 15,13 NA 13.15 17.42
#> [13] 14.88 INAS 1A N7 58 TR 1 SR /IN6 81 SN O WIS A3 88 1131207881 61467501 32(88 W1 53 30N 117353
#>. [25] 15.00 14,67 NA 1635 NA 13.68 15.45 15.65 14.85 NA 16.67 NA
#>  [37] 17.80 16.90 16.85 13.78 15.03 12:.85 14.25 11.37 14.52 16.33 16.67 16.33
#>0[49] 15,08 15,83 13.90 17. 23811 . 72. NASTS 2808161488125 97813022 41 333781 37.92.
#> 61 ] 14.328 17,62 16.62 11,60 13.12518.,40" 14, 20 NA 1292 15.93 14,75 14,23
#> [73] 17.40 12.92 14.63 17.65 14.48 14.25 NA 16.42 17.03 14.58 15.33 16.82
#> [85] 12.95 14.45 16.77 NANT 205017 43 NA 16.97 18.52 NA 17.42 15.60
#> 197 1817265013 380 NA 13.63 13.83 11.72 16,85 12.80 14,77 16.88 14.93 16.60
#> [109] NA 14.38 16,12 15,15 12.60 16,98 13.72 12,50 14.80 13.23 16.:27 NA

### For complete output, refer to the capl vignette

valid stepsl <- validate_steps (
steps = capl_demo_dataS$stepsl,
wear time = wear timel

#> Gl NA NA 8457 8769 14169 9610 29459 17112 NA NA 17248 3355
#> [13] 24598 NA 4461 6802 22886 11359 4443 16024 29259 27647 16084 12621
#> [25] 12268 7801 NA 27912 NAS 251 870283250 5421082613 NA 3454 NA
#> [37] 18392 18727 NA 14350 19843 28909 4376 25920 29033 12001 17053 28658
#> [49] 2654 3741 9344 14136 24615 NA 23746 18382 16108 9054 10055 27796
#> [61] 17747 1763 12925 22616 15816 27087 7309 NA 17448 24552 20614 22613
#> [73] 9529 16273 23094 18946 4248 14276 NA 8050 27450 26960 23030 9955
#> [85] 10805 23610 11304 NA 23266 23257 NA 11618 25138 NA 20026 6435
#> [97] 12730 21297 NA 21832 11803 29608 9771 29072 24700 10064 20255 2574
#> [109] NA 8968 25059 16861 17717 2933 8631 10052 25598 22404 5771 NA

### For complete output, refer to the capl vignette
Fig 10. Functions called by the get_step_average () function.
https://doi.org/10.1371/journal.pone.0243841.9010
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capl demo data$self report pa score <- get _self report pa -
score (capl demo data$self report pa)

capl demo data$self report pa score

#> [1] NA11324NA555NA314550555555NA5
#>[26] 3454120555543424555255NA55

#>[51]1531053251205NA35403NA541NAO
#>[76] 5020NA55113352545543142155

#>[101] 521432553225552NA5155NA5510
#> [126] 45400545055552555251355NA5
#>[151] 5021053320515403553555054

#> [176] NA554534302153051555502301
#>[201] 01 55525342555525510154153

#> [226] 43505250NA533NA204555540332

### For complete output, refer to the capl vignette

4.2.4 Daily behaviour score. The get db score () function computes a daily behav-

iour domain score that ranges from 0 to 30 based on the step and self-reported physical activity
scores. This score is used to compute the overall physical literacy score.

capl demo data$db score <- get_db_score (
step score = capl demo data$step score,

self report pa score =capl demo data
$self report pa score

)
capl demo data$db score

#> [1] NA26 20242526 NA202728NA15202414292427292626
30 28 NA 28

#> [26] 28 25282623252323272530292829252330283024
21 18 NA26 17

#> [51] 26 302721 233017253021272018NA242792128NAZ29
18 26 NA 20

#> [76] 2720 1025 NA 303020221728302721292625252826
292724 30 30

#> [101] 2924242926151630NA2527 15303021 NA292221 23
NA 30292119

#> [126] 261627 14 15222829142830262524182330222320
1519 30 NA 30
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#> [151] 2717241922282826161923263021251930272227
2711222129

#> [176] NA27 282629182528252426292822272419271927
2226222317

#> [201] 1418 92927272823292129273029173027222523
2127173028

#> [226] 29221820 30223021 NA302524NA20242520282326
2924282827

### For complete output, refer to the capl vignette

4.2.5 Daily behaviour interpretation. The get capl interpretation () func-
tion computes an age- and gender-specific CAPL-2 interpretation for a given CAPL-2 protocol
or domain score.

capl demo data$db interpretation <- get capl interpretation

(
age = capl demo dataSage,
gender = capl demo_data$gender,
score = capl demo data$db_score,
protocol = "db"

)

capl demo data$db interpretation

#> [1] NA "achieving" "progressing" "achieving"
"achieving"

#> [6] "achieving" NA '"progressing" "excelling" "excelling"
#> [11] NA "progressing" NA NA '"progressing"

#> [16] "excelling" "achieving" "excelling" "excelling"
"excelling"

#> [21] "achieving" "excelling" "excelling"” NA NA

#> [26] NA '"excelling" NA '"excelling" "achieving"

#> [31] "achieving" "achieving" "achieving” NA "excelling"
#> [36] NA NA "excelling" "excelling" "achieving"

#> [41] "achieving" "excelling" "excelling" "excelling"
"achieving"

#> [46] "progressing" "progressing" NA NA NA

### For complete output, refer to the capl vignette
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4.2.6 Daily behaviour domain status. The get capl domain status () function

computes the status (“complete”, “missing interpretation”, “missing protocol”, or “incom-
plete”) of a CAPL domain.

capl demo data$db status <- get_capl_ domain_ status(
x = capl demo data,
domain = "db"

)

capl demo data$db status

#> [1] "incomplete” "complete" "complete"

#> [4] "complete" "complete" "complete"

#> [7] "incomplete" "complete" "complete"

#> [10] "complete” "incomplete" "complete"

#> [13] "missing interpretation" "missing interpretation”
"complete"

#> [16] "complete” "complete" "complete"

#> [19] "complete” "complete" "complete"

#> [22] "complete" "complete" "incomplete"

#> [25] "missing interpretation” "missing interpretation”
"complete"

#> [28] "missing interpretation" "complete" "complete"

### For complete output, refer to the capl vignette

4.3 Motivation and confidence functions

As illustrated in Fig 11 and in the CAPL-2 manual on page 79 (www.capl-eclp.ca/capl-
manual), the formula for computing the motivation and confidence score is:

4.3.1 Predilection score. The get predilection score () function computesa

predilection score that ranges from 1.8 to 7.5 based on responses to three items from the Chil-
dren’s Self-Perception of Adequacy in and Predilection for Physical Activity as they appear in
the CAPL-2 Questionnaire (www.capl-eclp.ca/wp-content/uploads/2018/02/CAPL-
2-questionnaire.pdf). This score is used to compute the motivation and confidence domain
score.

capl demo dataSpredilection score <- get predilection_score

(
csappal = capl demo data$csappal,

csappa3 = capl demo dataS$csappa3,
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csappab = capl demo data$csappab
)
capl demo dataS$predilection score

#>[1] 3.64.95.53.0NA3.06.24.94.84.93.03.05.64.95.5
5.54.94.3

#>[19] 5.63.64.23.66.13.64.34.85.63.04.34.36.14.9
6.23.66.85.5

#>[37] 5.56.23.02.44.33.65.56.1NA4.32.44.94.9NA5.5
4.34.24.2

#> [55] 4.96.24.35.51.83.74.93.76.84.86.24.23.71.8
5.53.05.54.2

#>[73] 4.85.54.93.64.93.73.63.64.96.24.23.73.73.6
3.02.44.24.2

#>[91] 3.05.45.56.24.33.65.66.14.9NA4.25.56.84.84.9
4.94.92.4

#>[109] 4.83.03.63.64.93.64.33.72.43.03.64.24.34.3
6.85.64.96.2

#>[127] 3.03.05.53.64.23.76.13.73.66.26.14.83.64.9
1.85.63.04.9

#> [145] 4.94.83.04.84.24.92.45.53.74.33.63.04.85.5
7.54.94.84.2

#> [163] 3.02.45.52.45.56.13.65.54.34.24.3NA6.13.6
4.95.63.72.4

### For complete output, refer to the capl vignette

4.3.2 Adequacy score. The get adequacy_ score () function computes an adequacy

score that ranges from 1.8 to 7.5 based on responses to three items from the Children’s Self-
Perception of Adequacy in and Predilection for Physical Activity as they appear in the CAPL-2
Questionnaire (www.capl-eclp.ca/wp-content/uploads/2018/02/CAPL-2-questionnaire.pdf).
This score is used to compute the motivation and confidence domain score.

capl demo data$adequacy score <- get_adequacy_score (
csappa2 = capl demo _data$csappaZ2,

csappa4 = capl demo_data$csappa4,

csappab
)

capl demo data$csappab

capl demo data$adequacy score
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#>[1]2.45.57.54.35.55.54.24.33.64.36.24.94.94.24.3
5.64.24.8

#>[19] 4.86.24.34.84.93.66.84.36.26.24.37.56.15.6
4.96.26.22.4

#>[37] 4.25.65.64.25.54.95.54.94.26.25.66.24.94.2
3.63.73.66.8

#>[55]1.83.65.64.93.63.03.64.93.74.93.63.74.25.6
6.14.93.63.0

#>[73]2.44.36.13.03.03.74.94.35.45.53.02.46.15.6
5.53.74.22.4

#>[91] 5.64.93.05.64.93.64.96.84.92.45.64.84.23.0
4.93.03.03.7

#>[109] 4.93.76.24.95.55.65.64.83.76.23.05.44.93.6
5.43.04.83.6

#>[127] 4.84.24.22.44.94.36.22.44.94.94.94.24.95.5
4.95.57.55.6

#> [145] 5.53.04.96.14.95.53.05.66.24.94.34.95.64.2
2.45.54.93.7

#>[163] 4.34.34.94.36.14.84.95.56.26.13.62.43.64.9
6.24.34.34.2

### For complete output, refer to the capl vignette

Adequacy Intrinsic Motivation Competence
) range o range & range
1.8t0 7.5 1-5iteiZ.5 1.5t0 7.5

= Motivation and Confidence domain score (30 points)

Fig 11. Formula for computing motivation and confidence score. Reprinted from www.capl-eclp.ca/capl-manual under a CC BY
license, with permission from Healthy Active Living and Obesity Research Group, original copyright 2017.

https://doi.org/10.1371/journal.pone.0243841.9011

4.3.3 Intrinsic motivation score. The get intrinsic motivation score ()

function computes an intrinsic motivation score that ranges from 1.5 to 7.5 based on responses
to three items from the Behavioral Regulation in Exercise Questionnaire (BREQ) as they
appear in the CAPL-2 Questionnaire (www.capl-eclp.ca/wp-content/uploads/2018/02/CAPL-
2-questionnaire.pdf). This score is used to compute the motivation and confidence domain
score.
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capl demo data$intrinsic motivation score <- get_ intrin-
sic_motivation_score (

why activel = capl demo dataSwhy activel,

why active2 =capl demo dataSwhy active2,
why active3 =capl demo dataS$why active3
)

capl demo data$intrinsic motivation score

#>[1] 6.04.55.04.54.05.56.5NA5.5NA6.55.04.03.5NA6.0
4.54.5

#>[19] 5.03.02.02.53.5NA5.04.04.57.03.54.0NA6.05.0
3.5NA 4.5

#> [37] 4.5NA5.05.04.03.56.54.0NA4.53.0NA5.05.04.0
6.5NA 4.0

#> [55] 5.03.56.52.56.55.06.05.54.53.53.02.54.54.5
4.54.54.53.0

#>[73] 4.54.55.05.02.56.55.54.56.02.54.07.04.5NA3.5
NA 3.53.0

#>[91] 4.04.05.05.02.5NA3.56.01.56.55.55.55.54.04.0
4.0NA 3.0

#> [109] NA4.05.05.53.54.03.04.06.53.56.03.04.56.0NA
3.03.5NA

#> [127] 5.03.0NA5.55.56.54.0NA5.05.05.0NA3.02.5NA
4.06.05.0

#> [145] 5.03.54.55.0NA4.52.54.04.05.53.07.05.05.0
5.0NA5.57.5

#>[163] 4.02.53.55.5NA4.56.05.05.05.52.54.55.52.0
5.07.0NA 6.0

### For complete output, refer to the capl vignette

4.3.4 Physical activity competence score. The get pa competence score ()

function computes a physical activity competence score that ranges from 1.5 to 7.5 based on
responses to three items from the Behavioural Regulation in Exercise Questionnaire as they
appear in the CAPL-2 Questionnaire (www.capl-eclp.ca/wp-content/uploads/2018/02/CAPL-
2-questionnaire.pdf). This score is used to compute the motivation and confidence domain
score.
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capl demo dataS$pa competence score <- get_pa competence -
score (

feelings about pal = capl demo _data$feelings about pal,
feelings about pa2 = capl demo data$feelings about pa2,
feelings about pa3 = capl demo data$feelings about pa3
)

capl demo data$pa competence score

#>[1] 5.55.03.05.04.02.54.54.54.56.04.54.03.54.04.0
3.55.03.5

#>[19] 5.06.05.54.0NA4.55.5NA5.04.05.05.04.0NA3.0NA
4.53.0

#> [37] 6.0NA1.53.54.56.52.55.53.56.04.06.55.55.06.0
NA 3.05.5

#> [55] 5.05.05.5NA5.05.05.0NA4.55.04.07.03.55.54.5
4.5NA 2.5

#>[73] 4.03.54.55.04.04.03.53.52.55.05.03.05.03.0
5.0NA3.03.5

#>[91] 3.55.05.0NANA5.03.55.05.04.0NA3.55.04.55.5
7.54.05.0

#> [109] NA4.06.0NA5.56.05.53.04.03.54.06.03.54.0NA
5.06.07.0

#>[127] 4.04.54.52.5NA2.57.54.54.04.0NA3.04.05.5NA
4.03.54.5

#> [145] 3.55.03.0NA5.54.55.53.56.05.06.56.04.02.0
4.0NA2.54.5

#>[163] 4.55.06.05.52.07.0NA3.53.5NA5.0NA5.56.05.5
5.04.04.0

### For complete output, refer to the capl vignette

4.3.5 Motivation and confidence score. The get mc_ score () function computes a

motivation and confidence domain score that ranges from zero to 30 based on the predilec-
tion, adequacy, intrinsic motivation and physical activity competence scores. If one of the
scores is missing or invalid, a weighted domain score is computed from the other three scores.
This score is used to compute the overall physical literacy score.

capl demo data$mc score <- get_mc_score (
predilection score = capl demo dataS$predilection score,

adequacy score = capl demo_dataSadequacy score,

PLOS ONE | https://doi.org/10.1371/journal.pone.0243841 February 22, 2021 35/50


https://doi.org/10.1371/journal.pone.0243841

PLOS ONE

R package for computing Canadian Assessment of Physical Literacy (CAPL) scores and interpretations

intrinsic motivation score = capl demo data
$intrinsic motivation score,

pa competence score =capl demo data$pa competence score
)
capl demo dataS$mc score

#> [1] 15.33333320.53333321.33333316.400000NA 14.666667
19.866667

#> [8] 18.266667 17.200000 20.266667 18.266667 15.866667
18.666667 17.466667

#> [15] 18.400000 19.466667 18.800000 16.800000 20.533333
21.066667 18.666667

#> [22] 16.533333 NA15.600000 22.133333 NA 22.400000
17.600000

#> [29] 18.13333322.400000 21.600000 NA 18.800000 NA
23.333333

#> [36] 14.533333 20.933333 NA13.466667 13.466667 19.066667
20.000000

#> [43] 18.000000 22.000000 NA 22.000000 16.000000 23.466667
20.400000

#> [50] NA20.133333 NA 14.40000022.00000015.600000
19.733333

#> [57] 20.533333 NA 13.866667 15.600000 18.000000 NA
20.000000

#> [64] 19.600000 18.400000 19.866667 15.200000 17.200000
21.466667 16.533333

### For complete output, refer to the capl vignette

4.3.6 Motivation and confidence interpretation. The get capl interpretation

() function computes an age- and gender-specific CAPL-2 interpretation for a given CAPL-2
protocol or domain score.

4.3.7 Motivation and confidence domain status. The get capl domain status

() function computes the status (“complete”, “missing interpretation”, “missing protocol” or
“incomplete”) of a CAPL domain.

capl demo data$mc interpretation <- get capl interpretation

(
age = capl demo dataS$Sage,
gender = capl demo data$gender,

score = capl demo dataSmc_score,
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capl demo data$mc status <- get_capl domain status(
x = capl demo data,
domain = "mc"

)

capl demo data$mc_status

#> [1] "complete" "complete" "complete"

#> [4] "complete" "missing protocol" "complete"
#> [7] "complete" "missing protocol" "complete"
#> [10] "missing protocol” "missing interpretation"
"complete"

#> [13] "missing interpretation”" "missing interpretation"
"missing protocol"

#> [16] "complete” "complete" "complete"
#> [19] "complete” "complete" "complete"
#> [22] "complete” "missing protocol" "missing
interpretation”

#> [25] "missing interpretation" "missing interpretation”
"complete"

#> [28] "missing interpretation”" "complete" "complete"

### For complete output, refer to the capl vignette

4.4 Knowledge and understanding functions

As illustrated in Fig 12 and in the CAPL-2 manual on page 75 (www.capl-eclp.ca/capl-
manual), the formula for computing the knowledge and understanding score is:

4.4.1 Physical activity guideline score (Q1). The get binary () function computes a
binary score (0 = incorrect answer, 1 = correct answer) for a response to a questionnaire item
based on the value(s) set as answer(s) to the item.

capl demo data$pa guideline score <- get binary score
(capl demo _data$pa guideline, ¢(3, "60 minutes or 1 hour"))

capl demo data$pa guideline score
#>[1]0100001000000000000000000
#>[26]1100000011000010001010010
#>[51]0000000011000000010000101
#>[76] 0001110010010010100110001
#>[101]0010101000000001000111101
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#> [126] 0000010000010011001110000
#> [151] 0000001100010100000101000
#>[176] 01 01001100000100000000001
#>[201] 010000110000001000100000°0
#>[226] 0000001100000001001110010

### For complete output, refer to the capl vignette

The get binary () function is also called to analyze responses for Q2, Q3, and Q4.
4.4.2 Cardiorespiratory fitness definition score (Q2)

capl demo data$crf means score <- get_binary score (capl de-
mo_dataS$crf means, ¢(2, "How well the heart can pump blood and
the lungs can provide oxygen"))

capl demo dataScrf means score
#>[1]000110100011000100000100°0
#>[26] 0000100000000000000000100
#>[51]0001011100000010001101101
#>[76] 0000011000000000100000001
#>[101]1111000000000000101000000
#>[126] 0000000100000001101100001
#>[151] 0001010001111000000000000
#>[176] 0011000000011000111000100
#>[201] 0000000000000000000001010
#>[226] 0101100001100001000000001

### For complete output, refer to the capl vignette

4.4.3 Muscular strength definition score (Q3)

capl demo dataS$ms means score <- get_binary score(capl de-
mo data$ms means, c¢(l, "How well the muscles can push, pull or
stretch"))

capl demo dataSms means score
#>[1]0010011000111010000000000
#>[26] 0000000000000000010100000
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#>[51]0110101101000011110111010

#>[76] 000000010000100101010000°0

#>[101]1000000000100101100011100
#> [126] 001 0100000000000000000100
#> [151] 0001010011001001100000011
#>[176] 1000011010100000000000000
#>[201] 000000001 000001INAOOO0O0O1010
#>[226] 001 0010100010001100101000

### For complete output, refer to the the capl vignette

4.4.4 Sport skill score (Q4)

capl demo data$sports skill score <- get binary score
(capl demo data$sports skill, c¢(4, "Watch a video, take a les-
son or have a coach teach you how to kick and catch"))

capl demo data$sports skill score

#>[1]01100000101000100110000000011001001
00

#>[38] 0000000010100000000100000000011100
000

#>[75]1001010001001100001100010100110010
010

#> [112] 0001100001100000100001000001000010
100

#>[149] 0000000001000010001000100001000000
010

#> [186] 0000010100000100000000000011010100
000

#>[223] 0100000100100000000000010000100000
001

#>[260] 001 0100000000100011110000011000001
000

#>[297] 0000000000100010100000001001000001
001

#>[334] 0001000110001100000100000000000000
100

### For complete output, refer to the capl vignette
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4.4.5 Fill in the blanks score (Q5). Theget fill in the blanks_ score()
function computes a score that ranges from zero to five for responses to the fill in the blanks
question. This score is used to compute the knowledge and understanding domain score.

capl demo data$fill in the blanks score <- get_ fil-
1 in the blanks_score(

)

pa is =capl demo data$pa is,

pa is also=capl demo data$pa is also,

improve = capl demo data$improve,

increase = capl demo dataS$increase,

when cooling down = capl demo dataSwhen cooling down,

heart rate =capl demo dataS$heart rate

capl demo data$fill in the blanks score

#>[1] 15255333345434432234334154644444144
24

#>[38] 4354343554523442363355262242433623
553

#>[75] 3252335444552343453155544453420334
433

#>[112] 5344223643552335536432330343333433
255

#>[149] 4543350334422341332363444624232543
255

#> [186] 5325333356244344252434414354334320
544

#> [223] 45362542332434325335334503444412414
231

#> [260] 35235413334333434505333356534336¢62
122

#>[297] 3544211152254354635253254544134633
355

#> [334] 2343554404343334232365352445324323
352

### For complete output, refer to the capl vignette
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4.4.6 Knowledge and understanding score. The get ku score () function computes

capl demo data$ku score <- get_ku_score (

a knowledge and understanding domain score that ranges from zero to 10 based on the physi-
cal activity guideline (Q1), cardiorespiratory fitness means (Q2), muscular strength and endur-
ance means (Q3), sports skill (Q4) and fill in the blanks (Q5) scores. If one of the scores is
missing or invalid, a weighted domain score is computed from the other four scores. This
score is used to compute the overall physical literacy score.

pa guideline score =capl demo dataS$pa guideline score,

crf means score = capl demo data$crf means score,

ms_means_score = capl demo data$ms_means score,

sports skill score =capl demo data$sports skill score,

fill in the blanks score = capl demo data

$fill in the blanks score

)

capl demo dataS$ku score

#> [1] 1.000000 7.000000 4.000000 6.000000 6.000000 4.000000

6.000000 3.000000

#> [9] 4.000000 4.000000 8.000000 6.000000 4.000000 4.000000

6.000000 4.000000

#> [17] 2.000000 3.

4.0000001.000000

#> [25] 5.000000 5.

4.000000 5.000000

#> [33] 1.000000 5.

3.000000 6.000000

#> [41] 4.000000 3.

4.000000 7.000000

#> [49] 3.000000 3.

7.000000 4.000000

#> [57] 6.000000 7.

2.000000 4.000000

#> [65] 4.000000 5.

4.000000 7.000000

#> [73] 7.000000 4.

4.000000 5.000000

000000 4.000000 4.000000 3.000000 4.

000000 7.000000 5.000000 5.000000 5.

000000 6.000000 2.000000 4.000000 4.

000000 5.000000 4.000000 6.000000 7.

000000 4.000000 5.000000 3.000000 4.

000000 6.000000 4.000000 6.000000 2.

000000 5.000000 6.000000 8.000000 4.

000000 6.000000 2.000000 5.000000 3.

### For complete output, refer to the capl vignette

000000

000000

000000

000000

000000

000000

000000

000000
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4.4.7 Knowledge and understanding interpretation. The get capl interpreta-
tion () function computes an age- and gender-specific CAPL-2 interpretation for a given
CAPL-2 protocol or domain score.

capl demo dataS$ku interpretation <- get capl interpretation

(
age = capl demo data$age,
gender = capl demo_data$gender,
score = capl demo dataS$ku score,
protocol = "ku"

)

capl demo data$ku interpretation

#> [1] "beginning" "achieving" "beginning" "progressing"
"orogressing"

#> [6] "beginning" "progressing'" "beginning" "beginning”
"beginning"

#> [11] NA "orogressing" NA NA "orogressing"

#> [16] "beginning" "beginning" "beginning" "beginning"

"beginning"
#> [21] "beginning" "beginning" "beginning" NA NA
#> [26] NA "orogressing" NA "beginning" "progressing"

#> [31] "beginning"” "beginning" "beginning"
NA "orogressing"

#> [36] NA NA "beginning" "beginning" "progressing”

#> [41] "beginning" "beginning" "progressing" "beginning"
"orogressing"

#> [46] "achieving" "beginning" "achieving" NA NA

### For complete output, refer to the capl vignette

Ql + @2 e Q3 A Q4 & Q5
range range range range range
Oto1 Oto1 Oto1 Oto1 Oto6

= Knowledge and Understanding domain score (10 points)

Fig 12. Formula for computing the knowledge and understanding score. Reprinted from www.capl-eclp.ca/capl-
manual under a CC BY license, with permission from Healthy Active Living and Obesity Research Group, original
copyright 2017.

https://doi.org/10.1371/journal.pone.0243841.9012
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4.4.8 Knowledge and understanding domain status. The get capl domain sta-
tus () function computes the status (“complete”, “missing interpretation”, “missing proto-
col” or “incomplete”) of a CAPL domain.

capl demo data$ku status <- get_capl domain_status(
x = capl demo data,
domain = "ku"

)

capl demo dataS$ku status

#> [1] "complete" "complete" "complete"
#> [4] "complete" "complete" "complete"
#> [7] "complete" "complete" "complete"
#> [10] "complete” "missing interpretation"” "complete"

#> [13] "missing interpretation”" "missing interpretation"”

"complete"

#> [16] "complete" "complete" "complete"

#> [19] "complete” "complete" "complete”

#> [22] "complete" "complete" "missing interpretation"

#> [25] "missing interpretation” "missing interpretation”
"complete"

#> [28] "missing interpretation' "complete" "complete"

### For complete output, refer to the capl vignette

5.0 Overall physical literacy score

The get capl score () function computes an overall physical literacy score that ranges
from zero to 100 based on the physical competence, daily behaviour, motivation and confi-
dence, and knowledge and understanding domain scores. If one of the scores is missing or
invalid, a weighted score is computed from the other three scores.

capl demo dataScapl score <- get capl_score (

pc_score = capl demo data$pc_ score,

db score = capl demo data$db score,

mc_score = capl demo data$mc_ score,

ku score = capl demo dataSku score
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capl demo dataScapl score

#> [1] 54.28571 76.90000 60.00000 68.80000 79.00000 63.00000
52.00000 71.26667

#> [9] 58.40000 74.66667 83.14286 67.90000 67.50000 65.10000
54.85714 83.60000

#> [17] 74.60000 77.10000 68.40000 78.80000 75.00000 71.40000
70.83333 64.42857

#> [25] 68.10000 80.46667 83.30000 68.20000 74.10000 71.30000
65.60000 51.50000

#> [33] 65.60000 69.23333 79.33333 77.40000 74.20000 80.00000
77.10000 61.10000

#> [41] 69.30000 81.50000 68.00000 84.50000 81.42857 73.00000
52.00000 86.38095

#> [49] 64.30000 68.93333 70.10000 83.33333 74.40000 75.50000
79.86667 82.30000

#> [57] 62.90000 79.20000 86.13333 71.70000 82.50000 67.80000
59.50000 68.14286

#> [65] 65.80000 79.40000 32.90000 76.30000 71.60000 64.14286
73.04762 67.70000

#> [73] 71.20000 69.71429 67.50000 75.60000 69.40000 47.40000
60.00000 51.28571

### For complete output, refer to the capl vignette

5.1 Overall physical literacy interpretation

The get capl interpretation () function computes an age- and gender-specific
CAPL-2 interpretation for a given CAPL-2 protocol or domain score.

capl demo data$capl interpretation <- get_capl interpreta-
tion (

age = capl demo dataS$age,
gender = capl demo _dataSgender,
score = capl demo data$capl score,
protocol = "capl"

)

capl demo data$capl interpretation

#> [1] "progressing"” "excelling" "progressing" "achieving"
"achieving"
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#> [6] "progressing"” "beginning" "achieving" "progressing"”
"excelling"

#> [11] NA progressing" NA NA "orogressing"

#> [16] "excelling" "achieving" "excelling" "progressing”

"excelling"
#> [21] "achieving" "achieving" "achieving'" NA NA
#> [26] NA "excelling'" NA "achieving" "achieving"

#> [31] "progressing" "progressing" "progressing"
NA "excelling"

#> [36] NA NA "excelling" "excelling" "progressing"

#> [41] "achieving" "excelling" "achieving" "excelling"
"excelling"

#> [46] "achieving" "progressing" "excelling'" NA NA

### For complete output, refer to the capl vignette

5.2 Overall physical literacy domain status

» «

The get capl domain status () function computes the status (“complete”, “missing
interpretation”, “missing protocol” or “incomplete”) of a CAPL domain.
capl demo data$capl status <- get_capl_domain_status (
x = capl demo data,
domain = "capl"
)
capl demo data$capl status
#> [1] "missing protocol"” "complete" "complete"
#> [4] "complete" "complete" "complete"
#> [7] "missing protocol"” "complete" "complete"
#> [10] "missing protocol" "missing interpretation”
"complete"
#> [13] "missing interpretation” "missing interpretation”
"missing protocol"
#> [16] "complete” "complete" "complete"
#> [19] "complete” "complete" "complete"
#> [22] "complete" "complete" "missing interpretation"
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#> [25] "missing interpretation" "missing interpretation”
"complete"

#> [28] "missing interpretation” "complete" "complete"

### For complete output, refer to the capl vignette

6.0 Data visualization

The capl package makes use of the famous ggplo2 R package to create custom functions
that render beautiful plots for visualizing CAPL-2 results.

6.1 Plots

CAPL-2 scores can be grouped by their associated interpretative categories and visualized in a
bar plot by calling the get capl bar plot () function. The mean score for each inter-
pretative category appears above each bar (see Fig 13).

get capl bar plot(
score = capl results$pc score,
interpretation = capl results$pc interpretation,
x label = "Interpretation",

y label = "Physical competence domain score (/30)"

The color palette can be customized by setting the colors argument (see Fig 14).

get capl bar plot(
score = capl results$db score,
interpretation = capl results$db interpretation,
x label = "Interpretation",
y _label = "Daily behaviour domain score (/30)",

colors =c("#daf7a6", "#££c300", "#££5733", "#c70039")
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Fig 13. Visual representation of mean scores for each interpretative category using default colours.

https://doi.org/10.1371/journal.pone.0243841.9013

7.0 Export results

If users want to export their data, the export capl data () function allows them to
export their data to Excel or SPSS.

8.0 Conclusion

In this paper we introduce the capl package developed for use in the R environment. The pri-
mary motivation for developing the capl package was to offer interested users — most likely
researchers - a fast, efficient, and reliable approach to analyzing CAPL-2 raw data. We begin
this paper by discussing several preparatory steps that are required prior to using the capl
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Fig 14. Visual representation of mean score for each interpretative category using custom colours.

https://doi.org/10.1371/journal.pone.0243841.9g014

package. These steps include preparing, formatting, and importing CAPL-2 raw data. We then
use demo data to show that computing the CAPL-2 scores and interpretations is as a simple as
executing one line of code. This one line of code uses the main (wrapper) function in the
capl package (get capl ()) to compute 40 variables. Next, we introduce each helper
function that is called within the main function to explain how to compute individual variables
and scores for each test element within the four domains as well as how to calculate an overall
physical literacy score. Finally, we show how to visualize CAPL-2 results using the ggplot2
R package.

One limitation of the current capl package is that it is specifically built for CAPL-2 raw
data, and therefore not fully accessible to users with earlier versions of the CAPL. In the future,
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we intend to make the capl package available to users across all versions of the CAPL. The
future version of the capl package will also include more data visualization features. We also
plan to release an R Shiny application that runs locally in a web browser, providing users with
a web-based interface for the capl package (e.g., a form for uploading CAPL raw data into R;
a form for downloading CAPL raw and computed data out of R into various output formats
[CSV, Excel, SAS, SPSS]; a reactive table that updates on the fly as data are uploaded, sorted or
filtered, or as new columns are computed or renamed; reactive plots that update on the fly as
data and/or variable selections change).

With the development of the capl package, users are no longer required to perform a
large number of computations nor are they burdened with the monotonous task of entering
data individually for each participant via the CAPL-2 website. Furthermore, we carefully
crafted the package to create a “quiet” user experience, whereby “noisy” error messages are
suppressed via validation. Instead of throwing noisy errors that halt code execution, the capl
package returns missing or invalid values as NAs. The release of the capl package will con-
tribute to the growing and popular topic of physical literacy, and will not only support current
users of CAPL-2 but may also attract new users to this area of research.
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