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Introduction

The promotion of pupils’ health is an es-
tablished goal of physical education (PE).
Developing and maintaining a healthy,
physically active lifestyle represents
a main objective of PE curricula around
the world (e.g., Society of Health and
Physical Educators, 2014). In this con-
text, theacquisitionofspecificknowledge
is assumed to have a supportive effect
both in competence-based PE curricula
in Germany and in most Anglo-Saxon
PE curricula, which are based on the
concept of physical literacy (Cale &
Harris, 2018; Wagner, 2016). Physical
literacy is defined as “the knowledge
[emphasis added], skills and confidence
to enjoy a lifetime of healthful physical
activity” (Society of Health and Phys-
ical Educators, 2014, p. 11) or, more
broadly, the “motivation, confidence,
physical competence, knowledge and un-
derstanding [emphasis added] to value
and take responsibility for engagement
in physical activities for life” (Tremblay
et al., 2018, p. 16). Since competence

in German PE curricula is not consis-
tently defined, it can also be understood
as a combination of knowledge, skills,
abilities, and motivational aspects that
enable individuals to meet the complex
demands of a specific domain (Klieme
et al., 2003; Kurz, 2008; Weinert, 2001).

As the acquisition of knowledge on
how to lead a healthy, physically active
lifestyle is a proclaimed learning objec-
tive of PE, it is of interest for PE re-
search to assess—via cross-sectional and
interventional studies—(1) pupils’ level
of knowledge and whether this knowl-
edge level differs, (2) how pupils’ knowl-
edge level develops due to PE, and (3)
the actual role of this knowledge with
regard to physical activity (PA) behav-
ior. For researchers to develop reliable
and valid findings to answers these ques-
tions, the use of a sound knowledge test
ismandatory. However, the current liter-
ature indicates three fundamental chal-
lenges regarding existing knowledge tests
applied in PE research in the context
of health (Demetriou, Sudeck, Thiel, &
Höner, 2015; Keating et al., 2009).

First, there is no consistent, compre-
hensive definition of the kind of knowl-
edge that is important for a healthy, phys-
ically active lifestyle. Edwards, Bryant,
Keegan, Morgan, and Jones (2017) re-
viewed the description of the cognitive
domain of physical literacy and identi-

fied two topics of knowledge: knowl-
edge andunderstandingof activities (e.g.,
sports’ rules, values, and traditions) and
of a healthy and active lifestyle. Ac-
cordingly, in the context of physical lit-
eracy, the term knowledge is not exclu-
sive to health-related aspects of PA (e.g.,
knowledge of sports’ rules). In North
American PE literature, health-related
fitness knowledge (HRFK) is considered
the foundation for a healthy, physically
active lifestyle (Keating et al., 2009; Zhu,
Safrit, & Cohen, 1999). This term is also
suitable to the German PE context, as ex-
amples of HRFK can be seen in German
PE curricula (e.g., knowledge of how to
enhance health-related fitness; Ministry
of Education and Cultural Affairs, Youth
andSports ofBaden-Württemberg, 2016;
Wagner, 2016). However, a generally ac-
cepteddefinitionofHRFK is stillmissing.
While some authors have incorporated
knowledge on how to enhance health-re-
lated physical fitness or knowledge about
physiological responses to PA (Kulinna
& Zhu, 2001), others have contributed
knowledge about the effects of PA on
health or nutrition (Zhu et al., 1999).
Moreover, different labels for HRFK are
inuse (e.g., exercise knowledgeorknowl-
edge of physical fitness; Demetriou et al.,
2015; Keating et al., 2009). These obser-
vations are reflected in the HRFK tests
used in research. In their reviewof the ef-
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Fig. 19Different phases
to develop a compre-
hensive definition of
health-related fitness
knowledge. PAphysical
activity, PE physical ed-
ucation,HRFK health-
related fitness knowl-
edge. aTerminological and
anatomical knowledge
were not considered sep-
arate topics of the HRFK
test butwere included in
the three newly defined
topics to develop items
that did not simply ask for
the definition of a term

fects of PA intervention studies onHRFK
in PE,Demetriou et al. (2015) concluded
that a notable variety of HRFK tests are
used in PE intervention studies. These
tests differ in their assessment of HRFK
(e.g., number of items or content of the
test) andareoftennotbasedonanexplicit
definition of knowledge and HRFK (for
similar observations, see Keating et al.,
2009).

Second, reviews on HRFK research
in PE have identified a lack of reliability
and validity in terms of the psychometric
propertiesof the testsapplied(Demetriou
et al., 2015; Keating et al., 2009). How-
ever, to date, there is no gold standard for
thevalidationofHRFK tests, whichposes
a challenge for its evaluation (Demetriou
et al., 2015). In addition, the validity of
knowledge tests that examine the general
relationship between knowledge and be-
havior is a topic of debate. According to
Ajzen, Joyce, Sheikh, and Cote (2011),
knowledge tests often assess a person’s
attitude rather than knowledge. Further-
more, items often deal with general con-
cepts rather than a specific health be-
havior. Finally, items are often factual,
and it remains unclear whether the as-
sessed knowledge is actually supportive
of behavior. These aspects have to be
considered when developing a test to en-
sure the test’s validity, depending on the
understanding of the term knowledge.

Third, themajorityof studies reviewed
above refer solely to the criteria of clas-

sical test theory (CTT). This also applies
to the physical literacy knowledge ques-
tionnaire thatwas recentlydevelopedand
evaluated for children ages 8–12 years
based on the Canadian PE and health ed-
ucation curricula (Longmuir, Woodruff,
Boyer, Lloyd, & Tremblay, 2018). CTT is
anestablishedapproach for test construc-
tion in sports science and psychology;
however, fromamethodologicalperspec-
tive, CTT has its shortcomings. For ex-
ample, test and item statistics (e.g., item
difficulty and reliability) are sample de-
pendent, anindividual’s test score is influ-
enced by the test’s characteristics (Ham-
bleton&Jones, 1993), andstatisticalanal-
ysis inthecontextofCTTrequirescontin-
uous variables (Bühner, 2011). Thus, in
educational research, item response the-
ory (IRT) isoftenused inaddition toCTT
for test development and evaluation (e.g.,
Organisation for Economic Co-opera-
tion and Development [OECD], 2017).
IRTmodels describe the relationship be-
tweenan individual’s response to an item,
the individual’s ability, and the character-
istics of the item (e.g., item difficulty and
item discrimination parameters). More-
over, thesemodels are useful for dichoto-
mousandpolytomousvariables. Thema-
jor advantage of IRT is thatmodel param-
eters are independent of the study sam-
ple, and standard errors canbe calculated
separately for each person’s ability. How-
ever, IRT models rely on assumptions
of dimensionality of the test and con-

ditional independence of the test items
(de Ayala, 2009). These assumptions can
be investigated through various analy-
ses that require large sample sizes (de
Ayala, 2009; Hambleton & Jones, 1993).
Regarding HRFK tests in North Amer-
ica, only the FitSmart Test developed for
high school pupils has been evaluated us-
ing an IRT model (Zhu et al., 1999). In
the European context, Töpfer (2019) sys-
tematically developed and scaled a test
on sport-related health competence that
included aspects of HRFK for German
seventh to 10th graders based on IRT
models. However, to our knowledge, no
test for HRFK in the ongoing German
discussion has been based on a substan-
tiated test development and evaluation
process using IRT.

Considering these three challenges—
the need for a comprehensive definition,
the lack of validity and reliability, and
the applied test theory—we aimed to de-
velopandevaluate anHRFKtest forninth
graders attending secondary schools in
Germany (Gymnasium, a type of school
that provides learners with general uni-
versity entry qualifications) in order to
extend the options for a sound assess-
ment of pupils’ HRFK in the field of PE
research on pupils’ current level ofHRFK
(cross-sectional studies)andthedevelop-
ment of HRFK due to PE (interventional
studies). This article describes the de-
velopment of a preliminary HRFK test
basedonasystematicdefinitionofHRFK.
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Subsequently, the article presents the re-
sults of two empirical studies that evalu-
ate the psychometric properties of items
and tests based on the established quality
criteria of CTT and IRT. Study 1 aims
to analyze itemdifficulty and discrimina-
tion, test reliability, andconstructvalidity
of the preliminary version of the HRFK
test in a sample of ninth graders from
different educational levels and types of
PE in order to select appropriate items
for the second study. Study 2 investigates
the selected items’ properties in the target
population and examines the dimension-
ality and reliability of the test, aiming to
scale thefinalHRFKtest version forninth
graders of the same educational level.

Test development

The HRFK test was developed in three
steps: (1) defining HRFK, (2) developing
items, and (3) conducting pilot studies.
Inthefirst step (. Fig. 1),HRFKtestswere
identified based on a keyword-based lit-
eraturereviewbyDemetriouetal. (2015).
Subsequently, HRFK test items were an-
alyzed and categorized with regard to
their topics (Phase a of Step 1). The top-
ics extracted from the literature review
were discussed with experts (Phase b)
and compared to German PE curric-
ula (Phase c) to select topics and define
HRFK for the knowledge test (Phase d;
selection criteria shown in . Fig. 1). As
a result of Step 1, HRFK was defined as
knowledge regarding principles of exer-
cise and health-related physical fitness
(principles), risk reduction and preven-
tion of injuries related to PA and ex-
ercise (risk), and health benefits of PA
and sports (benefit). The term knowl-
edge was understood as an interaction
of factual, conceptual, procedural, and
metacognitive knowledge (Anderson &
Krathwohl, 2001). Compared to gen-
eral health knowledge, HRFK focuses on
knowledge related to PA and health-re-
lated physical fitness. In line with an
understanding of knowledge in terms of
physical literacy, HRFK shares features
with knowledge of healthy and active
lifestyles but notwith knowledge and un-
derstanding of activities (Edwards et al.,
2017).
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Abstract
Fostering health-related fitness knowledge
is a common goal across physical education
curricula. However, carefully developed
knowledge tests that satisfy the psychometric
criteria of educational assessment are lacking.
Therefore, two studies were conducted
to evaluate a newly developed health-
related fitness knowledge test within the
framework of classical test and item response
theory regarding item quality, test reliability,
construct validity, and dimensionality. Overall,
794 ninth graders (Mage = 14.3 years, 50.6%
girls) took part in Study 1. They differed in the
type of physical education classes (minor or
major subject) and school (lower or higher
educational level) they attended. Study 2
incorporated 834 ninth graders at the same
educational level (Mage = 14.2 years, 52.5%
girls). Item–test correlation, test reliability,
and validity were examined. In addition,
item and test quality were investigated
using unidimensional two-parameter logistic

item response models. In Study 1, pupils at
the same educational level with physical
education as a major achieved higher
knowledge scores than pupils with physical
education as a minor (t= –5.99, p< 0.001;
d= 0.58), which confirmed the test’s construct
validity. In Study 2, the weighted likelihood
estimate reliability of the final 27 itemswas
0.65, and the test–retest reliability reached
rtt = 0.70. The items satisfied the assumption
of local independence. The final test fulfilled
the psychometric criteria of reliability and
construct validity to assess health-related
fitness knowledge in cross-sectional and
interventional studies. This test extends the
possibilities of research on health-related
fitness knowledge in physical education.

Keywords
Test development · Physical education ·
Psychometrics · Classical test theory · Item
response theory

In Step 2, items were developed ac-
cording to the definition of HRFK and in
accordance with German PE curricula
to ensure the curricular validity of the
items. Moreover, items were designed
to assess pupils’ conceptual rather than
factual knowledge, their understand-
ing—not their reproduction—of HRFK
(Anderson & Krathwohl, 2001), and
their action knowledge. The number of
developed items per topic varied due to
the different range of topics, the weight-
ing of the topics in PE curricula, and the
extent to which knowledge was related to
action (i.e., knowledge that can be used
to perform PA). Therefore, the majority
of the developed items was related to
principles, whereas fewer items were
related to risk or benefit.

In Step 3, the developed items were
tested and revised through several pilot
studies to identify comprehension prob-
lems in the question and answer options
and any misconceptions of terms and
to test different item response formats.
Adetaileddescriptionof the test develop-

ment process and the pretests is provided
in Supplementary Material S1. Overall,
30 items were chosen for the prelimi-
nary version of the HRFK test, which
was empirically investigated in Study 1.

Study 1: evaluation of the
preliminary HRFK test version

Sample and data collection

Altogether, 794 ninth graders
(Mage= 14.3± 0.5 years, 50.6% girls)
from 17 different secondary schools in
the school district of Tübingen (Ger-
many) participated in this study in the
fall of 2015. In total, 171 ninth graders
(21.5%) with PE as a minor subject at-
tended a secondary school (Realschule),
which enables them for example to par-
ticipate in an apprenticeship after their
examinations. In contrast, 623 pupils
(78.5%) were enrolled in a secondary
school (Gymnasium), which provides
them with general higher education
entry qualifications after examinations.
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Fig. 29 Examples of
health-related fitness
knowledge test booklet
items and subtasks on the
three test topics

Of those pupils, 487 had PE as minor
subject and 136 as a major. Compared
to pupils with PE as a minor subject,
pupils with PE as a major had not only
a higher number of lessons per week
but also explicitly covered theoretical
aspects of sports and PA in their lessons.

Data were collected during regular
classes. Time to fill out the paper-and-

pencil HRFK test booklet was limited to
45min. Trained testers conducted the
study using a standardized test manual.
Written informed consent to participate
in this study was provided by all pupils
and their parents. The study procedures
were approved by the ethics committee
at the Faculty of Economics and Social
Sciences, University of Tübingen.

Measurement

Of the 30 items in theHRFK test booklet,
18 were related to principles (Principles
1–18), 10 to risk (Risks 1–10), and two
to benefit (Benefits 1 and 2). Examples
of each topic are provided in . Fig. 2.
The test comprised 18 complex multiple
choice (CMC) items. These CMC items
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contained three to six subtasks. For each
subtask, pupils were given two answer
options (true or false), of which only one
was considered to be correct (. Fig. 2).
The applied matching items (MA; n= 3)
required pupils to match questions or
statements tothecorrect responseoption.
In the case of the sorting item (SO; n= 1),
pupils were asked to bring pictures in the
correct order. For open-ended questions
(OE; n= 8), pupils were asked to give
a short explanation or to flag an area of
a picture.

Data analysis

DatawereanalyzedusingSPSSVersion26
(IBM, Armonk, NY, USA), Mplus Ver-
sion 8.4 (Muthén & Muthén, 2017), and
R Version 3.5.3. The TAM Package 3.3.-
10 (Robitzsch, Kiefer, & Wu, 2019) was
used to estimate the parameters of the
logistic IRT models.

Item scoring
Initially, each subtask of the CMC, MA,
and SO items was scored dichotomously
(0= incorrect, 1= correct) toanalyzehow
well the single subtasks worked. Subse-
quently, a dichotomous or polytomous
(i.e., partial credit) item score was cal-
culated for each item. The item score
depended on the response format, with
partial scoring for CMC and MA items
and dichotomous scoring for OE ques-
tionsandtheSOitem(Pohl&Carstensen,
2012). Items were also rated accord-
ing to theoretical considerations: seven
CMC items were only coded as correct
if all true–false subtasks were correctly
solved. These items required knowledge
of a single concept that had to be fully un-
derstood (e.g., the meaning of intensity
of endurance training); therefore, partial
scoring was not sufficient. OE questions
with written answers were coded inde-
pendently by two sports scientists to in-
vestigate intercoder reliability. In 90.1%
of the cases, the two raters agreed in their
coding.

Missing responses
Differentkindsofmissing responseswere
distinguished in the coding procedure
of Study 1 to examine how well pupils
from different schools coped with the

items (e.g., their understanding of item
tasks and different item formats). There
were missing responses due to invalid
responses (e.g., pupil marked both the
true and false answer option in a CMC
item) and missing responses because of
omitted items or subtasks. If an item sub-
task had a missing response, the whole
itemwas scored asmissing. We re-exam-
ined items with a missing response rate
greater than 10% to identify any prob-
lem items (OECD, 2017). With regard
to statistical analyses of CTT, we esti-
mated corrected item–test correlations
in a structural equation framework us-
ing the full information maximum likeli-
hood (FIML) method to handle missing
responses (withonemodel foreach item).
Thecorrelationof a given itemand the es-
timated sum score of the remaining items
were modeled using the pseudo-indica-
tormodel (PIM; Rose,Wagner, Mayer, &
Nagengast, 2019). Analogously, for the
parameter estimation in the IRTmodels,
missing responses were ignored. Thus,
missing responses were treated as miss-
ing values instead of incorrect responses
because thisprocedurehasbeenshownto
result in unbiased parameter estimates in
IRTmodels andhasbeenapplied in large-
scale studies (e.g., the National Panel
Study [NEPS]; Pohl, Gräfe, &Rose, 2014;
Pohl & Carstensen, 2012).

Analysis of item subtasks
Subtask discrimination values were ana-
lyzed within the framework of CTT and
IRT to select subtasks that could be ag-
gregated toCMC,MA, and SO items. We
assumed that one latent variable repre-
senting the construct HRFK was essen-
tially responsible for pupils’ test answers.
Therefore, the values had to be positive.
Apositive discriminationvalue indicated
that the subtask was more likely to be
solved by individuals with a higher level
of HRFK than those with a lower level.
With regard to CTT, corrected point-
biserial correlations between each sub-
task, the item score, and the total test
score were computed to analyze subtask
discrimination. With regard to IRT, the
subtask discrimination parameter for all
subtasks was estimated with a two-pa-
rameter logistic (2PL; Birnbaum, 1968)

model using marginal maximum likeli-
hood (MML) estimation.

Furthermore, the selection rates of
item distractors were investigated. Dis-
tractors are a subset of subtasks that
represent the incorrect response option
of an item (see . Fig. 1 for an example).
Following the NEPS (Pohl & Carstensen,
2012), we classified a distractor as good if
the correlation between the selection rate
of an item’s distractor and the total test
score was negative (i.e., rpb < 0.00= good,
0.00≤ rpb≤ 0.05= acceptable, and
rpb > 0.05= problematic). All defined
criteria were decisive for the inclusion of
the subtasks in the subsequent analyses.

Item analysis
Item difficulty and discrimination were
analyzed within the framework of CTT
and IRT to select appropriate items. Item
difficulty had to vary between easy and
difficult items. Analogous to subtask
discrimination, item discrimination had
to be positive in order to distinguish
between pupils with different levels of
HRFK.

As for item difficulty in the context of
CTT, the percentage frequency distribu-
tion of the item score was computed (0
to a maximum of 2 or 3 points for poly-
tomous items, 0 to 1 point for dichoto-
mous items). Dichotomous items with
less than 5% or greater than 95% correct
responses were flagged as conspicuous.
This indicated that hardly any or almost
all pupils, respectively, answered the
item correctly (i.e., scored 1 point). Sub-
sequently, with regard to item discrimi-
nation in CTT, the corrected item–test
correlation was evaluated. Corrected
item–test correlations were rated ac-
cording to the NEPS (rit > 0.30= good,
0.30≥ rit≥ 0.20= acceptable, and
rit < 0.20= problematic; Pohl & Carsten-
sen, 2012). Within the IRT framework,
the generalized partial credit (GPC; Mu-
raki, 1992) model was used to evaluate
the quality of the items with regard
to estimated item difficulty and item
discrimination parameters (estimation
method: MML). For polytomous items,
the difficulty for each score category of
an item can be described by a transition
location parameter that “is the point
where the probability of responding in
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two adjacent categories is equal” (de
Ayala, 2009, p. 167). Therefore, the
mean of the transition location parame-
ters of an item was used as the average
item difficulty for polytomous items
(Wu, Tam, & Jen, 2017). Item difficulty
can theoretically vary between ±∞,
but it usually ranges from +3 (difficult
item) to –3 (easy item) in IRT models
(de Ayala, 2009). Item discrimination
parameter α≥ 0.53 was chosen as the
selection criterion (α= 0.53 is compara-
ble with a standardized factor loading
of λ= 0.30 in a categorical confirmatory
factor analysis model with an assumed
underlying normally distributed variable
for a categorical indicator).1The decision
to eliminate individual items was based
on the above-defined criteria as well as
on the basis of content aspects.

Evaluation of the validity and
reliability of the preliminary test
Selected items were included in the GPC
model to estimate pupils’ IRT-based
HRFK scores (i.e., person abilities) and
the reliability and validity of the prelimi-
nary test. Weightedmaximumlikelihood
estimation (WLE;Warm, 1989)was used
to estimate HRFK scores. In order to
identify the GPC model and thus be
able to unambiguously estimate HRFK
scores based on the GPC model, the
variance and mean of the person ability
distribution were constrained (mean= 0,
variance= 1). The WLE person separa-
tion reliability was calculated to describe
the test reliability. This index is used in
the context of IRT and is comparable
to Cronbach’s alpha in CTT (de Ayala,
2009). In addition, t-tests were con-
ducted to examine the construct validity
of the test by comparing the estimated
HRFK scores of ninth graders from
different educational levels and ninth
graders from the same educational level
with PE as a major or minor subject.

1 Itemdiscrimination parameter (αj) in the 2PL
IRTmodel canbe transformed into standardized
factor loadings following Wirth and Edwards

(2007): λj =
α j/1.7

√

1+(
α j
1.7
)š

.

Results

Missing responses
Thenumber of missing responses ranged
from 3 (0.38%) to 107 (13.48%) per item,
including all types of missing responses.
Two OE questions showed a missing re-
sponse rate of ≥10% (Risks 2 and 4).
In total, 51.51% of the pupils had no
missing response at all, and only 4.65%
had five or more missing responses. On
average, pupils had 1.03± 1.59 (Min= 0,
Max= 16) missing values in a test of
30 items.

Analysis of the subtasks
Each single subtask of six CMC items
(Principles 6, 8, 15, and 16, Benefit 1,
Risk 10) was excluded due to negative
point-biserial correlations and/or nega-
tive estimateddiscriminationparameters
and positive correlation with regard to
the distractor analysis (rpb > 0.05). In ad-
dition, one item(Risk9)wasnot included
in the subsequent analysis because two
of the four subtasks of the CMC item
showed a low item and total score corre-
lationandsubtaskdiscriminationparam-
eter. All other subtasks were aggregated
to dichotomous or polytomous items.

Item analysis
. Table 1 shows the results of the item
analysis and gives a short explanation
of each item’s content (knowledge area).
The percentage of correct responses
(M= 57.23± 23.53) as an indicator of
item difficulty in CTT ranged from
9.88% (Principle 4) to 96.38% (Risk 5)
for dichotomous items (. Table 1, % item
score of 1 point in case of a dichotomous
item). As for polytomous items, the
percentage of pupils who answered the
item completely correct (. Table 1, %
item score of 2 or 3 points) was between
27.50% and 79.21%. With regard to
the results of the GPC IRT model, the
estimated item difficulty varied between
–3.52 (easy) and 5.34 (difficult). Overall,
the 29 items were of medium difficulty,
including easy (e.g., Principle 16) and
very difficult (e.g., Principle 4) items.
With regard to item discrimination,
15 items reached a corrected item–test
correlation of at least rit≥ 0.20 and/or an

estimated itemdiscriminationparameter
≥0.53.

Based on the aforementioned results,
eight items were excluded from the final
analysis because of their low corrected
item–test score correlation (<0.20) and
item discrimination parameter (<0.53).
Despite falling below both of these psy-
chometric cut-off criteria, a total of six
items were retained because of their im-
portance to the content validity of the
HRFK test. Finally, 21 items were con-
sidered for the subsequent analyses of the
reliability and validity of the preliminary
test version. These items are marked in
bold in . Table 1.

Reliability and validity of the
preliminary HRFK test
Thereliability of theHRFK test (21 items)
was moderate (WLE person separation
reliability= 0.59). Ninth graders’ esti-
mated IRT-based HRFK scores ranged
from –3.90 (low level of knowledge) to
7.25 (very high level of knowledge). On
average, pupils’ estimated HRFK scores
were M= 0.00± 1.31. Pupils with PE as
amajor subject (n= 136,M= 0.75± 1.31)
reached significantly higher levels of
HRFK (t= –5.99, p< 0.001) than pupils
with PE as a minor subject (n= 487,
M= 0.02± 1.24); the group effect was
of medium size (Cohen’s d= 0.58). In
addition, estimated HRFK scores dif-
fered significantly and meaningfully de-
pending on the pupils’ educational level
(t= 5.94, p< 0.001; d= 0.53). Pupils from
a lower educational level (n= 171) had
lower HRFK scores (M= –0.63± 1.16)
compared to pupils from a higher edu-
cational level with PE as a minor subject,
indicating construct validity of the test.

Study 2: evaluation of the final
HRFK test

Item revisions and purpose of
study 2

As the results of Study 1 revealed that
item–test correlations and test reliability
were rather low for the selected items,
we decided to add new items to the test
booklet thatwere similar in content to the
selected ones in order to increase the ho-
mogeneity of the test. For example, fur-
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Table 1 Results of the item analysis (Study 1)
Item analysis (CTT) Item analysis (IRT)

Frequency distribution of item
score (%)

rit (SE) Difficulty Discrimination
(SE)

Item name Knowledge area

0 1 2 3

Principle 1 Perceived exertion during PA 5.99 27.99 66.02 – 0.16 (0.04) –3.42 0.37 (0.06)

Principle 2 Frequency, intensity, time, and type of PA to improve
fitness

14.47 38.45 47.08 – 0.34 (0.03) –0.95 0.79 (0.06)

Principle 3 Training principles 28.09 71.91 – – 0.20 (0.04) –1.56 0.66 (0.09)

Principle 4 Factors that influence heart rate 90.12 9.88 – – 0.10 (0.04) 5.34 0.43 (0.12)

Principle 5 Type of activity to improve fitness 5.10 15.69 79.21 – 0.23 (0.03) –2.58 0.64 (0.06)

Principle 6 Meaning of intensity (muscular fitness) 67.70 32.30 – – 0.20 (0.04) 1.31 0.62 (0.08)

Principle 7 Exercise to improve flexibility (back, leg) 79.49 20.51 0.22 (0.04) 1.84 0.84 (0.09)

Principle 8 Frequency, intensity, time, and type of PA to improve
muscular fitness

10.23 41.30 48.47 0.17 (0.04) –2.40 0.34 (0.06)

Principle 9 Factors that influence heart rate 11.70 44.09 44.22 0.20 (0.04) –1.74 0.41 (0.06)

Principle 10 Monitoring heart rate 11.43 48.49 40.08 0.24 (0.04) –1.35 0.51 (0.06)

Principle 11 Training principles 80.15 19.85 0.18 (0.04) 2.29 0.67 (0.09)

Principle 12 Physiological responses (cardiovascular system) to PA 9.49 25.51 65.00 0.24 (0.03) –2.36 0.45 (0.06)

Principle 13 Frequency, intensity, and time to improve fitness 44.76 55.24 0.18 (0.04) –0.48 0.46 (0.08)

Principle 14 Training principles 28.15 71.85 0.14 (0.04) –2.35 0.42 (0.08)

Principle 15 Training principles 39.05 60.95 0.11 (0.04) –1.60 0.28 (0.08)

Principle 16 Exercise to improve cardiovascular fitness 8.67 91.33 0.15 (0.04) –3.52 0.73 (0.12)

Principle 17 Exercise to improve muscular fitness (back, stomach,
leg)

40.71 59.29 0.21 (0.03) –0.64 0.64 (0.08)

Principle 18 Training principles 29.20 70.80 0.17 (0.04) –2.16 0.43 (0.08)

Risk 1 Proper knee position (squat) 19.87 80.13 0.18 (0.04) –2.47 0.61 (0.09)

Risk 2 Proper back position (quadruped arm/leg extension) 39.88 60.12 0.11 (0.04) –1.17 0.36 (0.08)

Risk 3 Proper trunk/arm position (side crunches) 35.22 64.78 0.20 (0.04) –1.15 0.56 (0.08)

Risk 4 Proper shoulder position (front raise arm extension) 57.22 42.78 0.19 (0.04) 0.56 0.55 (0.08)

Risk 5 Proper back and knee position (lift a box) 3.62 96.38 0.00 (0.04) –34.30a 0.10 (0.19)

Risk 6 Proper arm position (carry a box) 30.19 69.81 0.01 (0.04) 142.03a –0.01 (0.08)

Risk 7 Proper back position (carry a box) 39.76 60.24 0.15 (0.04) –1.12 0.38 (0.08)

Risk 8 Proper strength training 50.77 49.23 0.16 (0.04) 0.08 0.38 (0.08)

Risk 9b Effects of a warm-up for exercise – – – – – – –

Risk 10 Proper warm-up for exercise 9.45 38.70 51.85 0.18 (0.04) –2.70 0.33 (0.06)

Benefit 1 Effects of soccer on health 16.29 22.16 34.05 27.50 0.22 (0.04) –0.70 0.28 (0.04)

Benefit 2 Effects of PA on health 17.76 43.24 39.00 0.18 (0.04) –1.30 0.32 (0.05)

Mean (SD) 0.17 (0.07) –0.97 (1.93) 0.47 (0.19)

Names of selected items as a result of the item analysis are marked in bold. The item score (CTT) can range from 0 to 1 point (correct answer) for dichotomous
items and 0 to a maximum of 2 or 3 points for polytomous items. Cells of frequency distribution of item score are therefore left blank if the item score cannot
be obtained for the specific item. Difficulty corresponds to the (average) estimated item difficulty parameter of the generalized partial credit (GPC) model.
Discrimination is the estimated item discrimination parameter of the GPC model
PA physical activity, CTT classical test theory, IRT item response theory, rit corrected item–test correlation using pseudo-indicator model (PIM) and full informa-
tion maximum likelihood (FIML)
a The item difficulties were not considered in the summary statistics as their values were not plausible due to estimation problems. Less than 5% of the pupils
answered the item incorrectly or negative item discrimination parameter
b Dashes (–) in Risk 9 represent data that are not reported because the item was not included in the item analysis
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ther items were developed that required
knowledge of the proper exercise to im-
provemuscular fitness (e.g., Principle 17,
. Table1)butasked fordifferent exercises
than the selected items of Study 1. More-
over, we added items that represented the
benefit topic, as the HRFK booklet from
Study 1 only included two items on this
topic. All new items were based on our
definition of HRFK and aligned with PE
curricula.

Furthermore, we revised the selected
items from Study 1 by adding subtasks in
case one subtask was deleted as a result
of Study 1 (Principle 6) so that we would
still have a sufficient, comparable num-
ber of subtasks per item. Moreover, we
adapted the item response format (e.g.,
an OE question instead of a CMC item;
Principles 7, 16, and 17, Risks 1–4) as
we assumed that this change would in-
crease thepossibility ofmeasuringpupils’
understanding rather than their repro-
duction of knowledge. The revised test
booklet was finally tested with the target
group in the context of Study 2. In addi-
tion to the analysis of Study 1, differential
item functioning, conditional indepen-
dence, anddimensionalityof the testwere
examined.

Sample and design

Data gathered within the GEKOS CRCT
study (Haible et al., 2019) between fall
2017 and spring 2019 were used for this
study. Pupils’ HRFK was measured be-
fore and after an intervention (time in-
terval: M= 11.0± 1.6 weeks). Baseline
dataofN= 834ninthgraders (52.5%girls,
Mage = 14.2) were used to study item and
test quality. Furthermore, the test–retest
reliabilityof theHRFK testwascalculated
byutilizingpretest andposttest results for
325 pupils (47.1% girls) from the con-
trol group. Data collection followed the
procedures of Study 1.

Measurement

TheHRFK test booklet included 33 items
(14CMC, 7MA, 1 SO, 9OE, and 2 single-
choice items). Twenty-one items were
drawn from the selected item pool of
Study 1, and 12 new items were devel-
oped (marked with the superscript low-

ercase letter “a” in. Table 2). Altogether,
principles were covered with 25 items,
whereas risk and benefit were assessed
with four items each. All new items were
pretested with ninth graders.

Data analysis

Inpreparation for themainanalyses, data
processing andanalyses of items followed
the procedures outlined in Study 1. The
nine OE questions were scored by the
mainresearcherandthreetrainedstudent
research assistants using a standardized
coding system. However, two questions
(Principles 27 and 28) were excluded
due to insufficient interrater agreement.
Overall, the intercoder reliability of the
included items ranged from 79.81% to
94.11%.

As all test items had to be equally ap-
plicable togirls andboys, differential item
functioningwas studiedwith thepackage
ltm (Rizopoulos, 2018). Item difficulty
and itemdiscriminationparameterswere
estimated separately for boys and girls
using the 2PL model (Birnbaum, 1968).2
Regarding conditional independence
(i.e., given the HRFK level, responses to
an item are independent of the responses
to any other item) and test dimensional-
ity, correlations between the residuals for
item pairs (Q3 statistic; Yen, 1993) were
calculated. Item pairs with Q3> |0.20|
were flagged as conspicuous using the
cut-off value suggested by Yen (1993; see
also Gnambs, 2017). At the same time,
values below 0.20 suggested essential
unidimensionality (Gnambs, 2017). As
we intended to scale the final HRFK test
based on a unidimensional IRT model,
violations of a strict unidimensional as-
sumption of the test were further inves-
tigated with exploratory factor analysis
(EFA; rotation method: GEOMIN) and
confirmatory factor analysis (CFA) for
categorical data (estimator: WLSMV) to
gain an in-depth understanding of the
data structure. With regard to the CFA,

2 Since the number of students per category
was relatively small for several polytomous
items, and the parameter estimation per
group resulted in a bisection of the sample
size, we recoded the polytomous items into
dichotomous items (i.e., 1 point= all subtasks
areansweredcorrectly).

dimensionality was tested by specify-
ing both a one- and three-dimensional
model based on the topics of the test,
which could potentially reflect different
subfacets. A Chi-squared (χ 2) difference
test was conducted to compare the two
models using the DIFFTEST command
in Mplus. Finally, selected items were
included in the GPC model (Muraki,
1992). Pupils’ IRT-based HRFK scores
(i.e., person abilities) were estimated
using WLE (Warm, 1989). For the
same reasons cited in Study 1, the mean
and variance of the person ability dis-
tribution were constrained (mean= 0,
variance= 1). The reliability of the test
was calculated asWLEperson separation
reliability. Pearson’s correlation between
pupils’ pre- and postintervention esti-
mated HRFK scores was calculated to
determine test–retest reliability.

Results

Missing responses
The share of missing responses per
item was low (M= 3.11%, Min= 0.60%,
Max= 9.23%). In total, 56.35% of pupils
had no missing response at all, and only
4.44%hadfiveormoremissingresponses.
On average, pupils had M= 0.96± 1.63
missing values.

Analysis of the subtasks
Each single subtask of four CMC items
(Principles 6 and 22, Benefits 3 and 4)
was excluded from the subsequent item
analysis due to negative correlation co-
efficients and/or negative estimated item
discrimination parameters. All distrac-
tors of theCMCitemswere nonpositively
correlated with the test score, apart from
the two previously mentioned subtasks
(Principles 6 and 22; rpb > 0.00). All the
excluded subtasks were newly developed
and thus not part of Study 1.

Item analysis
Thepercentage of correct answers for the
dichotomous items (M= 40.02± 22.27)
varied between 6.82% and 83.27%. The
results of the GPC model yielded item
difficulties between –5.78 and 12.54.
Overall, these results indicate item vari-
ability with regard to their difficulty,
whereas two items (Principles 24 and
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Table 2 Results of the item analysis (Study 2)
Item analysis (CTT) Item analysis (IRT)

Frequency distribution of item
score (%)

rit (SE) Difficulty Discrimination
(SE)

Item name Knowledge area

0 1 2 3

Principle 1 Perceived exertion during PA 7.42 33.99 58.59 0.14 (0.04) –3.69 0.29 (0.06)

Principle 2 Frequency, intensity, time, and type of PA to improve
fitness

12.80 40.58 46.62 0.30 (0.03) –1.23 0.61 (0.06)

Principle 3 Training principles 41.62 58.38 0.18 (0.03) –0.72 0.50 (0.08)

Principle 4 Factors that influence heart rate 93.18 6.82 0.09 (0.04) 5.59 0.49 (0.13)

Principle 5 Type of activity to improve fitness 16.73 83.27 0.18 (0.03) –2.51 0.70 (0.09)

Principle 6 Meaning of intensity (muscular fitness) 76.24 23.76 0.14 (0.04) 2.40 0.52 (0.09)

Principle 7 Exercise to improve flexibility (back, leg) 14.98 41.07 43.95 0.34 (0.03) –0.88 0.77 (0.06)

Principle 9 Factors that influence heart rate 6.28 32.02 34.36 27.34 0.12 (0.04) –3.29 0.15 (0.04)

Principle 10 Monitoring heart rate 10.92 49.88 39.21 0.19 (0.03) –1.73 0.40 (0.06)

Principle 11 Training principles 79.29 20.71 0.12 (0.04) 3.66 0.38 (0.09)

Principle 12 Physiological responses (cardiovascular system) to PA 9.02 24.39 66.59 0.22 (0.03) –2.61 0.42 (0.06)

Principle 15 Training principles 32.69 67.31 0.11 (0.03) –2.17 0.34 (0.08)

Principle 16 Exercise to improve cardiovascular fitness 66.55 33.45 0.14 (0.04) 2.00 0.36 (0.08)

Principle 17 Exercise to improve muscular fitness (back, stomach,
leg)

11.71 37.73 50.55 0.19 (0.03) –1.94 0.41 (0.05)

Principle 18 Training principles 28.85 71.15 0.19 (0.03) –1.91 0.50 (0.08)

Principle 19a Exercise to improve flexibility (back, leg) 17.81 23.87 25.94 32.39 0.32 (0.03) –0.48 0.53 (0.04)

Principle 20a Exercise to improve muscular fitness (back, stomach,
leg)

17.55 30.30 34.22 17.93 0.18 (0.04) –0.03 0.27 (0.04)

Principle 21a Physiological responses (muscle) to PA 9.77 21.37 68.86 0.10 (0.04) –5.78 0.17 (0.05)

Principle 22a Meaning of intensity (cardiovascular fitness) 63.45 36.55 0.27 (0.03) 0.83 0.75 (0.08)

Principle 23a Factors influencing perceived exertion 16.65 36.82 46.54 0.27 (0.03) –1.24 0.46 (0.05)

Principle 24a Frequency, intensity, and time of PA to improve car-
diovascular fitness

82.45 17.55 0.08 (0.04) 8.71 0.18 (0.09)

Principle 25a Frequency, intensity, and time of PA to improve mus-
cular fitness

71.25 28.75 0.09 (0.04) 3.13 0.30 (0.08)

Principle 26a Exercise to improve muscular fitness 81.89 18.11 0.03 (0.04) 12.54 0.12 (0.09)

Principle 27a,b Exercise to improve coordination – – – – – – –

Principle 28a,b Exercise to improve flexibility – – – – – – –

Risk 1 Proper knee position (squat) 36.57 63.43 0.13 (0.04) –1.84 0.30 (0.08)

Risk 2 Proper back position (quadruped arm/leg extension) 65.24 34.76 0.10 (0.04) 2.19 0.29 (0.08)

Risk 3 Proper trunk/arm position (side crunches) 58.18 41.82 0.16 (0.04) 0.78 0.45 (0.08)

Risk 4 Proper shoulder position (front raise arm extension) 65.52 34.48 0.24 (0.04) 1.01 0.71 (0.09)

Benefit 1 Effects of soccer on health 10.56 21.74 36.02 31.68 0.19 (0.03) –1.60 0.24 (0.04)

Benefit 2 Effects of PA on health 17.76 37.47 44.77 0.25 (0.03) –1.10 0.47 (0.05)

Benefit 3 a Effects of PA on health 18.10 40.83 41.07 0.27 (0.03) –0.93 0.50 (0.05)

Benefit 4 a Effects of swimming on health 6.64 32.23 61.13 0.21 (0.03) –2.90 0.42 (0.06)

Mean (SD) 0.18 (0.08) 0.14 (3.70) 0.42 (0.17)

Names of selected items as a result of the item analysis are marked in bold. The item score (CTT) can range from 0 to 1 point (correct answer) for dichotomous
items and 0 to a maximum of 2 or 3 points for polytomous items. Cells of frequency distribution of item score are therefore left blank if the item score cannot
be obtained for the specific item. Difficulty corresponds to the (average) estimated item difficulty parameter of the generalized partial credit (GPC) model.
Discrimination is the estimated item discrimination parameter of the GPC model
PA physical activity, CTT classical test theory, IRT item response theory, rit corrected item–test correlation using pseudo-indicator model (PIM) and full maxi-
mum likelihood estimation (FIML)
a Newly developed items for Study 2
b Dashes (–) in Principles 27 and 28 represent data that are not reported as the items were not included in the item analysis
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26) were conspicuously difficult. With
regard to item discrimination, 11 items
had a corrected item–test correlation
rit≥ 0.20 and/or an estimated item dis-
crimination parameter ≥0.53. The re-
sults of the item analysis are summarized
in . Table 2.

As a result of the item analysis, three
items (Principles 21, 24, and 26) were
excluded due to very low item discrimi-
nation and either very high or relatively
low item difficulty. Moreover, 15 items
were initially retained, despite not meet-
ing the cut-off values (item discrimina-
tion parameters <0.53 or rit < 0.20) be-
cause they distinguished between pupils
with and without PE as a major sub-
ject and between pupils from different
school types in Study 1. The same deci-
sion was made for two newly developed
items (Principle 25, Benefit 4) due to
their importance regarding the content
validity of the test.

The selected 28 items (. Table 2,
marked in bold) were scaled separately
for boys (n= 396) and girls (n= 438) to
investigate differential item functioning.
As a result of this analysis (see Supple-
mentary Material S2 for further detail),
we did not exclude any items due to
gender differences.

Conditional independence and
dimensionality
The 28 items were further studied within
a unidimensional GPC IRT model in
order to investigate conditional inde-
pendence and dimensionality of the test.
The correlations between the residu-
als of item pairs (Q3 statistics) were
generally small (M= –0.01± 0.05) ex-
cept for two pairs (the correlations
Q3_principle6, principle22 = 0.27 and
Q3_benefit2, benefit3 = 0.37), which exhibit
some amount of dependency. As the
items Benefit 2 and Benefit 3 were al-
most identical with regard to content,
and theQ3 statistic indicated itemdepen-
dency, the two items were combined into
a single polytomous item (i.e., 27 items
remained). Considering the dimension-
ality of the HRFK test, the generally low
residual correlations of item pairs also
indicated that an essentially unidimen-
sional test could be assumed.

The results of the EFA suggested that
11 factors could be extracted from the
data in case eigenvalues (≥1) were con-
sidered. Viewing two- and three-factor
solutions of the EFA, items were clus-
tered according to their item response
format rather than their topic, indicating
method-specific (response format) asso-
ciations among items rather than under-
lying content-related factors.

The three-dimensional CFA model,
based on the three topics, fit the data sig-
nificantly better than the unidimensional
model (χ2= 31.75, df= 3, p< 0.001). The
correlation between Factor 1 (items
related to the topic principles) and Fac-
tor 2 (risk) was relatively high (r12 = 0.68,
p< 0.001). Correlations between these
two factors and Factor 3 (benefit) were
lower (r13 = 0.61, p< 0.001; r23 = 0.21,
p= 0.07). Thus, the results of the CFA
indicated that items related to the topic
benefit could describe an independent
dimension. However, the number of
items on this topic was rather small,
and the estimation of a separate score
showed no sufficient reliability. A de-
tailed description of the EFA and CFA
are shown in Supplementary Material
S2.

Considering the results of the three
different analyses (Q3, EFA, and CFA)
with regard to the test’s dimensionality
and to avoid construct underrepresenta-
tion by excluding all items related to the
topic benefits, we chose the most par-
simonious and conceptually considered
model and estimated a unidimensional
HRFK score, even though the assump-
tion of strict unidimensionality might be
slightly violated.

Reliability and distribution of the
estimated HRFK score of the final
HRFK test
Finally, 27 items were scaled using the
GPC model. Item discrimination scored
between 0.14 and 0.87 (M= 0.44± 0.18).
The mean item difficulty varied between
–3.69 (easy item) and 5.38 (difficult item;
M= –0.42± 2.31). Thedistributionof the
final HRFK score is shown in . Fig. 3.
Pupils’ estimated HRFK scores ranged
from –6.05 (low level of knowledge) to
4.87 (high level of knowledge). Themid-
dle 95% of the distribution of pupils’ es-

timated HRFK scores was within a range
of –2.35 to 2.76. On average, pupils’
HRFK scores were M= 0.00± 1.26. Es-
timation accuracy was the highest for
an estimated HRFK score around –0.62
(SE= 0.67, MSE= 0.74± 0.10). The accu-
racy decreased in cases where estimated
HRFK scores were high or very low. The
WLE person separation reliability (WLE
reliability= 0.65) and test–retest reliabil-
ity using the pretest and posttest HRFK
scores from n= 325 pupils were accept-
able (rtt = 0.70, p< 0.001).

Discussion and conclusion

The aim of this study was to develop an
HRFK test for ninth graders based on
a systematic definition of the construct
and the evaluation of the test within two
large samples using standards of educa-
tional assessment (CTT and IRT). The
new HRFK test extends the options for
researchers to obtain a reliable and valid
assessment of pupils’ levels of HRFK in
cross-sectional and interventional stud-
ies with ninth graders in PE.

This study used analyses of CTT and
IRT to evaluate item quality. The results
were fairly similar: item difficulty varied
satisfactorily, and the number of missing
responses per item was very low, indi-
cating that ninth graders have no spe-
cific problems coping with the items of
the final HRFK test; however, the item
discrimination (corrected point-biserial
correlation, estimated item discrimina-
tion parameter) of some items of the final
HRFK test was relatively low regarding
the defined cut-off criteria, which might
have influenced the findings of the final
HRFK test reliability.

The reliability (WLE person reliabil-
ity, test–retest reliability) of the final
HRFK test was reasonable in order to
study differences between HRFK scores
at the group level in PE research (e.g.,
differences between the HRFK level of
PE classes from different federal states in
Germany; Höner & Roth, 2002; Lienert
&Raatz, 1998). TheWLEreliabilityof the
final HRFK test was slightly lower com-
pared to Töpfer’s (2019) health-related
sport competence test (WLE= 0.78),
which includes aspects of knowledge as
well; however, Töpfer (2019) examined
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Fig. 39Distribution of the
weightedmaximum like-
lihood estimated health-
related fitness knowledge
score

the test’s quality in a more hetero-
geneous group (i.e., seventh to tenth
graders from different types of schools)
than that of the present article (ninth
graders), which might explain the dif-
ferences. The test–retest reliability was
similar to the results of Longmuir et al.
(2018), who investigated the reliability
of a physical literacy knowledge ques-
tionnaire (rtt = 0.60 and 0.69 after 2 and
7 days, respectively), with considerable
shorter retest intervals in comparison to
the present Study 2 (M= 11 weeks).

The reliability of the final HRFK test
still seems insufficient for individual di-
agnostics (e.g., the comparison of HRFK
scores between individuals) due to mea-
surement error. The measurement er-
ror may have been caused by the low
item discrimination parameters and the
item–test correlations of some items, re-
spectively, of the final HRFK test. As
HRFK represents a heterogeneous con-
struct (i.e., low item intercorrelations)
and the content of the items contains
a wide variety of topics (i.e., heteroge-
neous items), the item discrimination
and test reliability—in terms of internal
consistency—may have been negatively
affected (Schermelleh-Engel & Werner,
2008). In addition, although the distri-
bution of the IRT-based HRFK score of
the finalHRFK test indicated that the test

canmeasuredifferent levelsofHRFK(low
and high levels of knowledge), the ma-
jority of items are of medium difficulty.
Therefore, the standard error was highest
for pupils achieving a high or a relatively
low estimated HRFK score. Considering
test reliability, the addition of some easy
and difficult items in particular could be
an initial step in improving the reliability
of the test.

This article provides preliminary ev-
idence of the validity (content validity,
constructvalidity)of theHRFKtest. Sim-
ilar to the approach of Zhu et al. (1999)
and Longmuir et al. (2018), items were
developed in accordance with the con-
tentofdifferentPEcurricula toensure the
content validity of the test. As descrip-
tions of German PE curricula are often
imprecise and lack detail, it was difficult
to derive precise questions for the test
items. In future research, it could there-
fore be worthwhile if PE teachers could
classify and weigh the items with regard
to the PE content to study the content
validity in further detail.

The preliminary HRFK test (Study 1)
successfullydifferentiatedbetweenpupils
with PE as a major or minor subject,
which confirms the test’s construct va-
lidity. The results of the GEKOS inter-
vention study (Volk et al., 2021) support
the present findings with regard to con-

struct validity for the final HRFK test as
well and evince the test’s sensitivity to
measure change as the HRFK test suc-
cessfully differentiated between pupils of
the control and intervention groups who
participatedina6-weekinterventionpro-
gram on HRFK. Thus, the final HRFK
test cannotonlybeappliedbyresearchers
to distinguish between different HRFK
levels of PE classes but also to measure
the intervention-related development of
HRFK within groups.

Nevertheless, further studies on the
validity of the finalHRFK test booklet are
stillneededtoconfirmthecurrentresults.
For example, it may be valuable to com-
pare the knowledge level of ninth graders
with different age groups (e.g., eighth and
tenth graders in secondary school) or in
contrast to university students enrolled
in sports science programs.

While the reliability and validity of the
finalHRFK testwas found to be sufficient
for application in PE research investigat-
ing pupils’HRFK at the group level, some
challenges with regard to the dimension-
ality of the test emerged.

As the EFA and CFA did not pro-
vide a consistent picture regarding test
dimensionality, the unidimensional IRT
model that was conceptually considered
and supported by the results of the Q3

statistics (indicating essential unidimen-
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sionality of the HRFK test with negligi-
ble correlations among the residuals) was
maintained to scale the final HRFK test.

The inconsistent results with regard
to the final HRFK test’s dimensionality
could be explained by different factors.
First, the number of items between the
different topicsof thefinalHRFK test var-
ied considerably. Of the 27 items on the
final HRFK test, 20 items were related to
the topic principles, while four and three
items were related to risk and benefit, re-
spectively. Considering the results of the
CFA, especially for the topic benefit, the
development of additional items to fur-
ther clarify whether this topic actually
represents a separate dimension would
therefore be desirable in the future.

Second, different item formats were
used, which varied with regard to the
assessed level of understanding and the
possibility of guessing a correct answer
(OE question or CMC item). Third, the
HRFK test items were created based on
a variety of German PE curricula—not
just thePEcurriculumofthestudiedsam-
ple. Therefore, pupilsmight not have had
an in-depth understanding of HRFK for
all topics as they may not have been ex-
posed to certain content in their lessons.

A new PE curriculum that focuses
more on the different topics of HRFK
than the current PE curriculumwill soon
be implemented in the schools studied.
Assuming that pupils would gain an
in depth-understanding of all topics of
HRFK after the new PE curriculum is
implemented, it would therefore be de-
sirable to investigate the final HRFK test
again to obtain a further understanding
of the test dimensionality in particular.

In addition to the results regarding
HRFK test reliability, validity, and di-
mensionality, this article documents the
first findings on the distribution of ninth
graders’ estimated HRFK score, which
can serve as a reference for researchers
whoapply theHRFKtest in future studies
in PE.

This article focused on the develop-
ment of a HRFK test for ninth graders in
secondary schools with high educational
levels. To increase the applicability of the
test forcross-sectional and interventional
studies on HRFK in PE research, future
studies should investigate the extent to

which psychometric properties are gen-
eralizable topupilswhoattendothertypes
of schools (lower educational levels) or
who belong to different age groups. The
present HRFK test could thus serve as
a basis for age-specific adaptions related
to the respective content of PE curricula
up to the relevant age group. Further-
more, as the intention of this study was
to develop an HRFK test that measures
knowledge used to perform PA (action
knowledge), future studies are required
to examine whether HRFK actually sup-
portspupils’PAbehaviorsorlevelsrelated
to physical fitness. Finally, the present
HRFK test was designed for application
in PE research. As the development of
the HRFK represents a learning objec-
tive in PE (Cale & Harris, 2018; Wagner,
2016), PE teachers also need a test to as-
sess pupils’ learning progress. Therefore,
it could be worthwhile to consider how
the current HRFK test can be adapted
as an assessment for PE teachers that is
easy to use.
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