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In physical education (PE), both assessment practices and choice of teaching content
indicate that pupil-related factors such as motor competence and physical fitness
potentially influence pupils’ academic achievement in PE. However, neither of these
factors are explicitly expressed as assessment criteria in the Norwegian PE-curriculum.
Hence, the aim of the current study was to investigate potential differences in motor
competence and physical fitness between pupils with different academic achievements
in PE. Forty-five boys and 31 girls (N = 76) from grades 8 to 10 in the lower secondary
school participated in this study. In addition to collecting pupils’ final grade in PE, as a
proxy for academic achievement, they were assessed on the Test of Motor Competence
(placing bricks, building bricks, heal-to-toe-walking, and walking/running in slopes) and
four task items from the Test of Physical fithess (standing broad jump, pushing medicine
ball, running 20m as fast as possible, and reduced Cooper test). In the main analysis,
the total score for motor competence and physical fithess, as well as their respective
task items, were compared between pupils with different grades (i.e., 3 or 4, 5, 6).
A one-way ANOVA revealed neither significant difference between pupils with different
grades in overall motor competence (total score) nor the respective task items for fine
motor assessment or the gross motor task heal-to-toe-walking. However, there was a
large difference between pupils with different grades in performance of the gross motor
task walking/running in slopes, where pupils receiving a grade of 6 and 5 completed the
task significantly faster compared to their peers with a grade of 3 or 4. Furthermore, a
one-way ANOVA indicated moderate-to-large differences between pupils with different
grades in the total score of physical fitness and performance in three of the four respective
task items (i.e., standing broad jump, running 20m as fast as possible, and reduced
Cooper test). Pupils with a grade of 6 had a significantly greater total score of physical
fitness and jumped longer compared to pupils with a grade of 5 and 3 or 4. Additionally,
pupils with a grade of 6 ran significantly faster as opposed to pupils with a grade of 3 or
4. Performance on the reduced Cooper test was significantly different between all groups
of grades, with the distance covered being progressively increased from pupils receiving
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a grade of 3 or 4 to 6, respectively. These results indicate that physical fitness levels
and one component of motor competence may influence pupils’ academic achievement
in PE. Since neither certain levels of gross motor competence nor physical fithess are
explicitly stated as assessment criteria in the Norwegian PE curriculum, these findings
may indicate a lack of alignment between PE-teachers’ assessment practice and the
curriculum’s intentions. It is argued that PE-teachers should be aware of how these
individual constraints may influence pupils’ academic achievement in PE so that all pupils
are given equal opportunities to meet the described learning outcomes.

Keywords: lower secondary school, adolescents, movement proficiency, motor skills, physical capacity, grading

INTRODUCTION

As a measure of academic achievement, the grade in Physical
education (PE) should reflect pupils’ attained level of competence
(e.g., knowledge and skills) following the formulated learning
outcomes expressed in the curriculum (LOVDATA, 2006a). In
a Norwegian context, it is of importance that the grade in PE
reflects a fair and objective assessment procedure as it functions
as a selection instrument in the progress toward higher education
and/or employment when, typically, summated with grades from
other subjects (Leirhaug, 2016). However, pupils’ achievement
level in PE may be influenced by multiple constraints outside
of that embodied within the curriculum, and certain pupils may
have an advantage in this regard. For instance, according to the
international literature, there is a prevailing sport- and exercise
discourse within PE, which may shape and influence what PE-
teachers consider as valuable pupil-related factors in relation to
achievement (Redelius et al., 2009; Kirk, 2010; Lopez-Pastor et al.,
2013; Aasland and Engelsrud, 2017).

In the Norwegian PE curriculum, pupils in lower secondary
school (13-16 years old) should develop their knowledge and
skills within three main subject areas: sports activities (i.e., team
and individual sports, dance, swimming and, alternative physical
activities), outdoor life (i.e., skills and knowledge regarding how
to make use of, and conduct and orient oneself in nature), and
exercise and lifestyle (The Norwegian Directorate for Education
Training, 2015a). For each of these subject areas, the PE-
teachers’ assessment in the subject should be based on the
associated learning outcomes, entailing the pupils’ ability to
train, practice, and carry out different movement activities,
as well as being able to explain and reflect around physical
activity, body, and health-related issues (Aasland et al., 2020).
In addition to the curriculum’s formulated learning outcomes,
pupils’ effort constitutes the basis for assessment and grading
in Norwegian PE (LOVDATA, 2006a). This is understood as
pupils trying to solve PE-specific academic challenges, as well
as challenging their own physical capacity to the best of their
ability. Long-term continued practice with sustained effort, even
if it does not necessarily result in improved performance or
skill development, should positively impact pupils’ academic
achievement in PE (The Norwegian Directorate for Education
Training, 2015b). Furthermore, learning outcomes formulated
in the curriculum take into consideration pupils individual

prerequisites (e.g., physical precondition and motor skill levels)
in the assessment of their achievement level (The Norwegian
Directorate for Education and Training, 2015a). In summary, all
pupils should have equal opportunities to achieve a top grade in
the subject, despite any physical limitations. However, in Norway,
PE-teachers are those primarily responsible for assessment and
grading in the subject, being provided with few formalized
regulations or specific criteria to guide their assessment and
grading practice. Previous studies suggested that Norwegian,
Swedish, and Dutch PE-teachers’ assessment practice may not
necessarily reference the described learning outcomes from the
national curriculum (Annerstedt and Larsson, 2010; Arnesen
et al.,, 2013; Leirhaug and MacPhail, 2015; Borghouts et al., 2017)
and that the teachers may not always be able to express their
own internalized criteria (Svenneberg et al., 2014). Hence, there
is potential for subjective interpretations of the curriculum and
assessment procedures which may have implications as to what
pupil-related factors are deemed valuable in relation to academic
achievement in PE.

In similarity with many other western countries, the sport and
exercise perspective is evident within the Norwegian PE context
(Aasland et al., 2017, 2020; Erdvik, 2020), which can shape
and influence teaching content, methodology, and assessment
practices. According to teachers’ assessment practices, findings
in the literature suggest that pupils need to perform well in
sport-related skills and have a certain physical fitness level
to achieve top grades in PE (Redelius et al., 2009; Hay and
Macdonald, 2010; Preitz and Borgen, 2010; Aasland et al., 2020).
In this regard, both pupils’ motor competence and physical
fitness may act as relevant individual constraints to investigate.
In a constraints-led perspective, pupils’ academic achievement
(i.e,, grade) could be viewed as a result of the dynamical
interaction between individuals (i.e., physical fitness, motor
competence), task (e.g., teaching content), and environmental
(e.g., the school) constraints acting upon teachers’ assessment and
grading (Newell, 1986; Davids et al., 2008).

Motor competence can be defined as an individual’s level of
performance in executing different motor actions, encompassing
the coordination of both fine (e.g., manual dexterity) and gross
motor skills (e.g., static and dynamic balance) (Henderson and
Sugden, 1992). As such, motor competence can be understood
as the degree of skilled performance in a wide range of motor
tasks (including jumping, running, catching, throwing, kicking,
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and dribbling) as well as the movement quality, coordination,
and control underlying a particular motor outcome (Burton
and Miller, 1998; Utesch and Bardid, 2019). As a result,
individual differences in motor competence may be reflected
in pupils’ academic achievement level in the subject when PE-
teachers seem to place value on their ability to perform sport-
related skills in relation to assessment (Aasland et al., 2020).
Motor competence is also positively associated with physical
activity levels and participation in organized activities in youth
populations, in which children with higher levels of motor
competence are more likely involved in sports (Fransen et al.,
2014; Holfelder and Schott, 2014). As such, motor competence
may indirectly influence achievement in PE through mediating
the involvement in physical activity and sports outside of the
school context where pupils experience movement activities in
line with what is taught in PE (Moen et al., 2018).

Physical fitness, as inherent and achieved attributes, can be
defined as an individual’s capacity to execute physical activity or
exercise (Caspersen et al., 1985; Ortega et al., 2008). Typically,
assessment of physical fitness addresses components of force
production, speed, strength, and endurance (Gallahue and
Ozmun, 2006; Haga, 2009). National education policies in both
Norway and Sweden have argued that the grade should not reflect
pupils’ physical fitness levels and that fitness testing in a norm-
referenced assessment manner may be a direct violation of the
regulations of the education act, which states that all pupils are
entitled to equal opportunities within the subject (LOVDATA,
2006a; Redelius et al., 2009; The Norwegian Directorate for
Education and Training, 2015b). However, evaluation and testing
of physical fitness are used as part of teachers’ assessment
procedure, both in an international and a Norwegian context
(Cale and Harris, 2009; Preitz and Borgen, 2010; Lépez-Pastor
et al,, 2013; Cale et al., 2014; Moen et al, 2018; Alfrey and
Gard, 2019; Aasland et al., 2020; Marmeleira et al., 2020), and
pupils’ physical fitness levels probably influence their academic
achievement in PE. Additionally, when it is suggested that
Norwegian PE-teachers understand and interpret the effort
criterion as pupils’ ability to work physically hard, evident
through their visible behavior (Aasland and Engelsrud, 2017),
and teaching content being dominated by sport activities and
fitness training (Moen et al., 2018), such factors may indirectly
provide advantages to more physically fit pupils in terms of
achievement in PE.

Both developments of motor competence and physical
fitness are to varying degrees influenced by experience, growth,
and maturational processes (Malina et al., 2004; Sigmundsson
et al.,, 2017; Adolph and Hoch, 2019). Particularly, individual
differences in timing and tempo of maturation become more
pronounced during the adolescent growth spurt (Malina et al.,
2004), a time associated with pupils attending lower secondary
school (13-16 years old). As a result, differences in physical
attributes and performance can be heightened during this period
(Baxter-Jones, 1995; Philippaerts et al., 2006), which could be
considered problematic when it seems PE teachers place value
on sport-related skills and physical fitness in their assessment.
Consequently, time spent in school (i.e., older pupils) may
influence the grade they receive in PE (Cobley et al.,, 2009).

With the adolescent growth spurt, gender-related differences also
become more distinct. Boys tend to accelerate in motor- and
fitness performance, surpassing the girls who improve slightly or
level off (Malina et al., 2004). This might explain findings from
Norwegian, Swedish, and Portuguese schools showing that boys
tend to get higher grades as opposed to girls in PE (Ericsson and
Cederberg, 2015; Lagestad, 2017; Marmeleira et al., 2020). It is
important to note that these are average trends and that many
girls during the adolescent period do improve their fitness and
skill performance due to stimuli, experience, and practice gained
from physical activities (Malina, 2014).

Despite neither motor competence nor physical fitness being
explicitly expressed as assessment criteria in the Norwegian PE-
curriculum, considerations from international and Scandinavian
literature indicate that teachers’ assessment practice and teaching
content place value on these pupil-related factors. However,
to the best of our knowledge, the potential association
between these factors and academic achievement in PE has
not previously been investigated. Hence, the current study
aimed to investigate potential differences in motor competence
and physical fitness between pupils with different academic
achievements in PE attending lower secondary school (13-16
years). It was hypothesized that both (1) pupils with greater
levels of motor competence would receive higher grades in PE
compared to peers with lower levels of motor competence and
(2) that pupils with greater levels of physical fitness would also
receive higher grades in PE compared to peers with lower levels
of physical fitness.

MATERIALS AND METHODS

Participants

The sample consisted of 45 boys (14.44 + 0.73 years) and 31
girls (14.41 & 0.82 years) (N = 76) from grades 8 to 10 in one
public lower secondary school located in a city in mid-Norway.
A total of 30, 35, and 11 pupils represented grades 8, 9, and
10, respectively. All Norwegian public schools are co-educational
and follow the same curricula, which was an inclusion criterion
for invitation and participation. The sample’s average grade was
5.02 (SD = 0.72) for boys and 4.81 (SD = 0.48) for girls. No pupils
in this study had a grade lower than 3. Pupils were included if
they followed normal school progression according to their year
of birth and obtained a grade in PE.

Before data collection, all the participating pupils and their
legal guardians signed written informed consent. It was made
clear that participation was voluntary and that they could
withdraw at any time. They were further informed that under
no circumstances would their data be disclosed to anyone except
the project leader. Ethical approval was obtained from the
Norwegian Centre for Research Data (NSD) (#169464).

Measurements

Grade

The participants’ grade, as a proxy for academic achievement
in PE, was collected after teachers’ final end-of-year assessment
in June 2020. This was ~3 months after collecting data on
measures of motor competence and physical fitness. Grades, in
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whole numbers, are scored on a scale of 1-6 in the Norwegian
school system, where a grade of 6 reflects the highest possible
achievement (LOVDATA, 2006b). The national average grade for
grade 10 pupils was 4.7 for both boys and girls in 2020 (Statistics
Norway, 2020).

Motor Competence

To operationalize the concept of motor competence, the
previously validated Test of Motor Competence (TMC) was
used (Sigmundsson et al., 2016). The test consists of two fine
motor tasks assessing manual dexterity and two gross motor
tasks assessing dynamic balance. Scores for these motor tasks
are measured in seconds, where a lower score indicates better
performance. The four task items are as follows:

Fine Motor Tasks

1. Placing Bricks (PB). Pupils were to place 18 squared Duplo
bricks on a 3 x 6 Duplo board while seated by a table. The
bricks were placed in horizontal rows of three on the same
side as the hand to be tested. The pupils were instructed to
complete the task as fast as possible and hold the board firmly
with the non-testing hand. Both hands were tested, and timing
was stopped when the last brick was placed on the board. The
score for each hand was summated. Before testing, they were
given one practice run.

2. Building Bricks (BB). Pupils were to build a “tower” out of 12
squared Duplo bricks while seated by a table. The pupils were
instructed to hold one brick in each hand, that they were not to
rest their arms on the table, and that the bricks were to be held
in the air at all times. They were further given a signal for when
to start the test, and timing was stopped when they released
contact with the last-placed brick. Only the dominant hand
was tested. Before testing, they were given one practice run.

Gross Motor Tasks

3. Heal-to-toe walking (HTW). On a signal, pupils were to walk
down a marked straight line (4.5m) as fast as possible while
placing their heel in contact with their toes for each step. The
timing was stopped when the 4.5 m where completed.

4. Walking/running on slopes (W/R). Pupils were to walk/run as
fast as possible in a figure of eight around two marked lines.
The first line was placed 1 m from the starting point, while
the second 5.5 m from the starting point. Each line was 1 m in
width. The pupils were free to choose in which direction they
wanted to start. Pupils were given a signal for when to start the
tests, and timing was stopped when they arrived back at the
starting point.

The test battery has previously shown an acceptable level of
internal consistency among the standardized test items (a = 0.79)
(Sigmundsson et al., 2016). Evaluated against the total score
of the Movement Assessment Battery for Children-2 (MABC-
2), a test widely used internationally, the total score TMC has
a construct validity of.45 in a Norwegian adolescent sample
(Sigmundsson et al., 2016). In the current study, a Principal
Component Analysis (PCA) using an oblique rotation returned
a one-factor solution with an eigenvalue of 2.34, accounting
for 58.54% of the total variance, confirming the expected factor

structure in this sample. The Cronbach’s alpha was.76 for the
standardized items in the current data.

Physical Fitness

Four tasks from the Test of Physical Fitness (TPF) (Fjortoft
et al, 2011) were selected for the assessment of lower
body strength/power (standing broad jump), upper body
strength/power (pushing medicine ball), speed (running 20 m as
fast as possible), and endurance (reduced Cooper test). The task
items are as follows:

Physical Fitness Tasks

1. Standing broad jump: The pupils start with their feet parallel
and shoulder-width apart. On signal, they swing their arms
backward and forward, jumping with both feet simultaneously
as far forward as possible. The best score of two attempts was
measured in centimeters from the starting to landing position.
The pupils were instructed to stick their landing.

2. Pushing a medicine ball (2kg): The pupils start with their
feet parallel and shoulder-width apart, holding the medicine
ball against their chest. On signal, they push the medicine ball
from their chest as far forward as possible with both hands.
Knee flexion was allowed. The best of 2 attempts was measured
in centimeters from the starting to landing position of the
medicine ball.

3. Running 20 m as fast as possible: The speed task was initiated
30 cm behind the speed gates to avoid false triggering. The
pupils started with their lead leg on the line, the other in
a backward position, and were instructed to avoid “rolling”
backward when initiating the sprint. On signal, pupils were
to run as fast as possible toward the finish line. The best of
2 attempts was measured in seconds.

4. Reduced Cooper test: The pupils were to run/walk as far as
possible in 6 min on an indoor track (200 m in length). The
achieved distance was measured in meters.

The TPF has previously been evaluated in Norwegian children,
reporting an acceptable level of internal consistency (a = 0.93).
The construct validity was assessed by comparing pupils’ total
test scores to that of their PE-teachers’ evaluation or ranking of
their physical fitness, resulting in a Spearman rho 0f.93 and.90
for boys and girls, respectively (Fjortoft et al., 2011). The chosen
items for this particular study have previously been used in a
Norwegian adolescent population (@steras et al., 2017). In this
study, a PCA with an oblique rotation confirmed the expected
one-factor solution with an eigenvalue of 2.79, accounting for
69.70% of the total variance. The Cronbach’s alpha was 0.85 for
the standardized items.

PROCEDURE

The assessment was conducted in an indoor sports hall for
track and field during normal school hours. To avoid bringing
too much physiological fatigue from one task to the other, all
tasks were conducted in the order mentioned above, getting
progressively harder. For instance, the reduced Cooper test
was completed last, so that pupils did not bring any fatigue
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into the assessment of fine- and gross motor tasks, speed,
and power/strength. Before the assessment, pupils conducted
a standardized warm-up protocol for about 10 min to reduce
potential injury risks. Pupils were given a short break between
the warm-up and the initiation of assessment to reduce the heart
rate to some extent before conducting tasks for fine motor skills.
These tests were also organized so that all pupils were assessed
individually, with trained practitioners stationed by a particular
task. The individual task items were explained and demonstrated
following the test manuals. Once the pupil completed one task,
the trained practitioner recorded the result on a sheet, before
he/she moved on to the next one. Enough time was given between
the assessment of each pupil to avoid any communication
between or feelings of discomfort with being observed by peers.

Statistical Analysis

The data were analyzed using IBM SPSS version 27.0 (IBM
Corp, 2020). The occurrence of missing values was low with
1.3% (running 20m as fast as possible) and 3.9% (reduced
Cooper test) missing. Little (1988) test of Missing Completely at
Random (MCAR) indicated that data were missing completely at
random (x2 = 10.97, d.f. = 21, p =0.963). Missing values were
treated by multiple imputation method (Schafer and Graham,
2002), which resulted in 5 iterations. The average value for these
5 iterations was used to replace the missing values for each
individual case. Before the main analysis, data were tested for
normality, skewness, and kurtosis. Age and all individual task
items, except the reduced Cooper test, were transformed toward
normality through a two-step approach (Templeton, 2011). This
retains the original series mean and standard deviation, which

helps the interpretation of results. To calculate a total score
for both motor competence and physical fitness, individual task
items were transformed into standardized scores (z-scores) from
the mean of the whole sample. Before this, the item running 20 m
as fast as possible was converted to 1/score such that higher scores
equaled better performance similar to the other TPF items. The
total test score for each pupil was calculated as the average z-score
on all task items completed by the same pupil for both motor
competence and physical fitness.

Gender and year of study (i.e., grades 8 vs. 9 vs. 10) specific
differences in grade, age, total score motor competence, and
physical fitness, and their respective task items were assessed
by one-way ANOVA, separately. As there were no significant
differences in the grade between boys and girls, or year of
study in this sample, we did not further address these specific
differences in the previously mentioned variables in relation
to the PE grade. For the main analysis, a one-way ANOVA
compared the mean value of total score motor competence and
physical fitness, and their respective task items between groups
of grades (i.e., 3 or 4, 5, and 6) for the total sample. Levene’s test
of Homogeneity of Variance suggested that the assumption of
the equality of variance between groups was not met for some
of the variables. Hence, Welch’s F-statistics is reported for all
variables in the analysis. Effect sizes were reported as partial
eta-squared (n?) from the ANOVA F-statistics, and interpreted
as small (0.01), medium (0.06), and large (0.14) (Cohen, 1988;
Richardson, 2011). Due to heterogeneity between groups, the
Games—Howell corrected pairwise comparisons were used post-
hoc to locate differences between groups mean values. The
statistical significance level was set at p < 0.05.

TABLE 1 | Grade, age, and measures of physical fitness and motor competence by gender (N = 76).

Variables Girls (N = 31) (M/SD) Boys (N = 45) (M/SD) Total (N = 76) (M/SD)

Grade 4.81+£0.48 5.02 +£0.72 4.93 £ 0.64

Age (years) 14.41 £ 0.82 (14.48 + 0.93) 14.44 £ 0.73 (14.46 £ 0.70) 14.43 £ 0.76 (14.47 £ 0.80)

Motor competence (z-score) 0.11 £ 0.58 —0.08 £ 0.86 -

Placing bricks (s) 46.94 + 8.41 49.06 + 8.40 48.20 + 8.41
(47.01 £8.52) (49.72 + 8.84) (48.61 + 8.76)

Building bricks (s) 12.41 £ 1.76 13.03 £ 2.82 12.78 £ 2.45
(12.54 £ 2.11) (13.14 + 2.81) (12.89 + 2.55)

Heal to toe walking (s)* 11.78 £ 2.48 10.66 + 4.70 11.12 £3.97
(12.69 + 3.42) (10.36 + 4.35) (11.31 £ 4.13)

Walking/Running in slopes (s)* 4.81 £0.43 4.43 £0.55 4.59 £+ 0.54
(4.86 +£ 0.39) (4.45 £ 0.60) (4.61 £+ 0.56)

Physical fitness (z-score)* —0.47 £0.49 0.32 £0.87 .

Standing broad jump (cm)*

Pushing medicine ball (cm)*

20 m speed test (s)*

Reduced Cooper test (m)*

168.69 + 20.77
(169.40 + 21.77)
432.42 + 50.22
(438.48 + 64.99)

3.74£0.27
(3.79 + 0.26)
1177.60 + 150.74

183.37 + 32.06
(185.25 + 33.22)
526.76 + 114.02
(531.19 + 116.35)
3.53 +£0.30
(3.52 + 0.31)
1362.29 + 203.71

177.38 + 28.78
(178.78 + 29.98)
488.28 + 103.99
(493.38 + 108.33)
3.62 +£0.30
(3.63 + 0.32)
1286.96 + 204.41

SD, standard deviation; M, mean; *Significant difference between gender (p < 0.05). Values in parenthesis are mean and SD after transformation. For variables with parenthesis, all

were transformed by the two-step process. A lower score on all items measured in seconds = better performance. A lower score on motor competence = better performance.
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RESULTS

Differences in Grade, Age, Motor
Competence, and Physical Fitness by

Gender and Year of Study

Table 1 outlines the descriptive statistics (M £ SD) for grade,
age, total score motor competence, and physical fitness, and
their respective task items by gender. There were no significant
differences in mean grade [Welch’s F(; 7391) = 2.46, p = 0.121,
n? = 0.028] or age [Welch’s F(;5550) = 0.01, p = 0.912, n?
= 0.000] between boys and girls. However, boys portrayed a
significantly better performance in the gross motor tasks HTW
[Welch’s F(; 72,63 = 6.81, p =0.011, n* =0.078] and W/R [Welch’s
Fa7363 = 13.33, p = 0.000, n* = 0.133], while no statistical
differences were found for the fine motor tasks PB [Welch’s
F1,6619) = 1.79, p = 0.185, n* = 0.023] or BB [Welchs F(; 73.42) =
1.15, p = 0.287, n* = 0.014]. Additionally, the total score of motor
competence [Welch's F(j 7399y = 1.29, p = 0.260, n* = 0.015]
was not statistically different between boys and girls. Regarding
measures of physical fitness, boys both jumped [Welch’s F(; 73 g¢)
= 6.32, p = 0.014, n*> =0.068] and pushed the medicine ball
[Welch’s Fy7140) = 19.66, p = 0.000, n* = 0.179] a longer
distance compared to the girls. They also ran faster on the
20m speed test [Welchs F(; 7130 = 17.39, p = 0.000, n* =
0.180] and covered a longer distance in the reduced Cooper test
[Welchs F(17357 = 20.61, p = 0.000, n*> = 0.200]. The total
score of physical fitness was also significantly different in favor
of the boys [Welch’s F(; 7162y = 25.82, p = 0.000, n* =0.223].
Regarding year of study (i.e., grades 8, 9, and 10), only the
gross motor task HTW were significantly different between the

study years [Welch's F(; 3174y = 4.67, p = 0.017, n* = 0.105].
A Games-Howell corrected pairwise comparison revealed that
pupils in the grade 9 performed the HTW significantly faster
compared to grade 8 pupils [mean difference = —2.70, 95%
CI (—5.116: —0.283)].

Motor Competence, Physical Fitness, and
Academic Achievement in Physical

Education

Table 2 outlines the descriptive statistics (M % SD) for total score
of motor competence and physical fitness, and their respective
task items, for each group of grades. Neither total score of motor
competence [Welchs F(; 55 59) = 2.26, p = 0.125, n* = 0.067] nor
the TMC task items PB [Welch’s F(5 57.12) = 0.74, p = 0.486, n? =
0.026], BB [Welch's F(553.03) = 0.23, p = 0.793, > = 0.005] and
HTW [Welch's F(5 5637 = 0.76, p = 0.477, n* = 0.030] differed
significantly between grades. In contrast, there was a significant
and large difference between grades for the gross motor task W/R
[Welch’s F(5321) = 8.04, p = 0.002, n? = 0.220]. According to
the Games-Howell corrected pairwise comparisons, pupils with
a grade of 6 [mean difference = —0.84, 95% CI (—1.359: —0.325)]
and 5 [mean difference = —0.49, 95% CI (—0.936: —0.035)]
completed the task significantly faster compared to pupils with
a grade of 3 or 4.

Except for pushing medicine ball [Welch’s F(; 50.02) = 1.49, p =
0.249, n* = 0.060], total score of physical fitness [Welch’s F(; 1 7¢)
= 749, p = 0.003, n> = 0.226] and the remaining task items
standing broad jump (Welch’s F(2, 21.77) = 8.93, p = 0.001, n> =
0.256], running 20 m as fast as possible [Welch’s F(, 55 20y = 5.12,

TABLE 2 | Measures of physical fitness and motor competence by grade (N = 76).

Variables/Grade 3 or 4 (M/SD) 5 (M/SD) 6 (M/SD) Total (M/SD)
Motor competence (z-score) 0.34 £ 0.1.06 —0.04 £ 0.67 —0.28 £ 0.50 -
Placing bricks (s) 50.50 + 11.91 4793 +£7.74 46.21 + 4.59 48.20 + 8.41
(561.25 + 11.44) (48.08 + 8.39) (47.22 + 5.47) (48.61 + 8.76)
Building bricks (s) 12.91 £ 3.84 12.82 £2.00 12.41 £1.91 12.78 £ 2.45
(12.77 £ 3.27) (13.03 + 2.41) (12.54 + 2.20) (12.90 + 2.55)
Heal to toe walking (s) 1297 £ 7.27 10.69 + 2.47 10.39 + 1.67 1112 £ 3.97
(12.69 + 5.37) (10.97 + 3.95) (10.86 + 2.64) (11.31 + 4.13)
Walking/running in slopes (s)* 5.04 +0.66 4.54 £0.42 419+ 0.35 4.59 £+ 0.54
(5.05 & 0.66) (4.57 £ 0.45) (4.21 £ 0.44) (4.61 £ 0.56)
Physical fitness (z-score)* —-0.52 £0.86 —0.03 £ 0.66 0.79 +£0.88 -

Standing broad jump (cm)*

Pushing medicine ball (cm)

20 m speed test (s)*

Reduced Cooper test (m)*

156.69 + 34.92
(161.47 + 30.59)
468.56 + 122.64
(475.72 £ 144.91)
3.79+0.35
(3.80 & 0.31)
1,121.63 + 168.23

176.07 + 21.96
(176.57 + 23.56)
475.77 £ 82.95
(484.22 + 81.95)

3.60 £0.28
(3.62 & 0.30)
1,296.12 + 178.33

206.17 + 23.59
(210.73 + 30.80)
564.58 + 127.39
(553.52 + 133.85)
3.44 £ 0.21
(3.44 £ 0.27)
1,470.75 + 182.85

177.38 + 28.78
(178.78 + 29.98)
488.28 + 103.99
(493.38 + 108.33)
3.62 £ 0.30
(3.63 +0.32)
1,286.96 + 204.41

SD, standard deviation; M, mean; *Significant difference between groups of grades by ANOVA (p < 0.05). Values in parenthesis are mean and SD after transformation. For variables
with parenthesis, all were transformed by the two-step process. A lower score on all items measured in seconds = better performance. A lower score on Motor competence =

better performance.
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p =0.014, n> =0.118], and reduced Cooper test [Welch’s F2,24.59
= 13.45, p = 0.000, n> = 0.270] were significantly different
between grades with moderate-to-large effect sizes. The Games-
Howell corrected pairwise comparisons revealed that pupils with
a grade of 6 had a significantly better total score of physical
fitness compared to pupils with grades of 5 [mean difference
= 0.81, 95% CI (0.107: 1.523)] and 3 or 4 [mean difference =
1.30, 95% CI (0.472: 2.137)]. They also jumped longer compared
to pupils with a grade of 5 [mean difference = 34.16, 95% CI
(9.340: 58.985)] and 3 or 4 [mean difference = 49.26, 95% CI
(19.952: 78.559)], and ran faster than pupils with a grade of 3 or 4
[mean difference = —0.34, 95% CI (—0.635: —0.083)]. In regard
to the reduced Cooper test, there was a significant increase in
performance between groups of grades where pupils receiving a
grade of 6 covered a longer distance compared to pupils receiving
a grade of 5 [mean difference = 174.63, 95% CI (23.67: 325.60)]
and 3 or 4 [mean difference = 349.13, 95% CI (179.95: 518.30)],
while those pupils with a grade of 5 covered a longer distance
than those with a grade of 3 or 4 [mean difference = 174.49, 95%
CI (52.27: 296.71)].

DISCUSSION

The main aim of the study was to investigate potential differences
in motor competence and physical fitness between 13- and 16-
year-old school children with different academic achievements in
PE. The main findings indicated that, except for W/R, neither
the total score of motor competence nor the other respective
task items of TMC were significantly different between pupils
receiving a grade of 3 or 4, 5, or 6. Furthermore, with the
exception of pushing a medicine ball as far as possible, findings
indicated moderate-to-large differences between achievement
groups in a total score of physical fitness and the other task
items of physical fitness, in which pupils with a higher academic
achievement were generally more physically fit as opposed to
pupils with lower academic achievement in PE.

Differences in Grade, Age, Motor
Competence, and Physical Fitness by
Gender and Year of Study

In the current sample, there were no significant differences
between the adolescent boys and girls in academic achievement
in PE. This might be a reasonable finding as the national
average academic achievement corresponds with the current
sample’s average for both boys and girls. Despite the lack of any
gender-related differences, the boys significantly outperformed
the girls in both gross motor tasks and all aspects of physical
fitness. The gross motor task items HTW and W/R aim to
measure aspects of coordination, speed, change of direction, and
dynamic balance (Pasanen et al., 2009; Sigmundsson et al., 2016).
Previous research has, in contrast to our findings, reported no
gender-related differences in gross motor tasks such as hop, side
gallop, vertical jump, and sprint (Okely et al, 2004; Barnett
et al, 2010). This discrepancy could potentially be explained
by a difference in assessment procedures, that is, the use of
process or product-oriented measures. Both Barnett et al. (2010)

and Okely et al. (2004) conducted a qualitative assessment
of the aforementioned motor tasks, assessing how well the
tasks were executed, while the current study assessed the
gross motor tasks in a quantitative manner (ie., time and
distance). As the execution of motor skills may additionally
require components of physical fitness (Gallahue and Ozmun,
2006; Vandendriessche et al., 2011), adolescent boys may have
an advantage in quantitative assessment procedures due to
maturational differences. In particular, during the adolescent
growth spurt, boys tend to develop greater levels of strength,
power, speed, and endurance compared to girls (Malina et al,,
2004), which may also explain why boys in the present study had
a better total score of physical fitness as well as outperforming the
girls on each of the individual task items for physical fitness. Due
to the lack of a statistically significant difference in achievement
between genders, no further gender-specific differences in motor
competence or physical fitness related to achievement were
examined in subsequent analysis.

Motor Competence, Physical Fitness, and
Academic Achievement in Physical

Education

As opposed to our hypothesis that pupils with greater levels of
motor competence would receive higher academic achievement
in PE, no difference between groups of grades in the total score
of motor competence, fine motor tasks, or the gross motor
task HTW was found. The TMC-battery is aimed at capturing
individuals’ motor competence across the life span, with adequate
performance levels of the respective task items that are important
for individuals’ ability to carry out and participate in everyday
activities (Sigmundsson et al., 2016). As such, one could argue
that the test battery has a more general approach to the concept
of motor competence and that future studies should instead
address more specific motor skills in the context of PE. For
example, when ball sports are to a large extent included in
Norwegian PE (Moen et al.,, 2018), pupils’ ability to control
objects (e.g., catching, throwing) could potentially influence their
performance and achievement within the subject when PE-
teachers seem to place value on sport-specific skills in assessment
(Aasland et al, 2020). The present study’s measurement of
fine motor performance, however, assessed pupils’ level of
manual dexterity (Sigmundsson et al., 2016). Even though this
entails hand-eye coordination, among other aspects, these task
items could have failed to adequately replicate the movement
constraints in PE (e.g., catching, throwing). Motor tasks are
generally considered highly specific with low inter-correlations
(Haga et al., 2008; Giboin et al., 2015; Sigmundsson et al., 2021),
thus highlighting the need for addressing other dimensions of
motor behavior and their potential relationship with academic
achievement in PE.

Opposite to the above-mentioned findings, the item W/R
was the only (gross) motor task significantly different between
achievement groups. The lowest achievement group completed
the task considerably slower as opposed to pupils with
higher achievement. It is argued that this task captures an
individual’s ability to accelerate, decelerate, and change direction
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(Pasanen et al,, 2009), placing demands on fitness aspects such
as strength, power, and speed (Gisladottir et al., 2019).
Consequently, this gross motor task could have explained
differences between achievement groups through its physical
fitness component.

Confirming our hypothesis, the current study found higher
achieving pupils to have greater levels of overall physical fitness
and outperform the lower achieving pupils in three of the four
physical fitness task items (i.e., standing broad jump, running
20m as fast as possible, and reduced Cooper test). Hence,
these findings support research indicating a sport and exercise
discourse within PE (Redelius et al., 2009; Kirk, 2010; Lopez-
Pastor et al., 2013; Aasland et al., 2017, 2020; Erdvik, 2020). These
findings might be expected given that there have traditionally
been, and still are, many PE-teachers who apply physical fitness
testing to assess pupils’ achievement level within the subject (Cale
and Harris, 2009; Lopez-Pastor et al., 2013; Cale et al., 2014;
Alfrey and Gard, 2019; Marmeleira et al., 2020). This assessment
practice seems to endure among Norwegian PE-teachers (Proitz
and Borgen, 2010; Moen et al., 2018; Aasland et al., 2020), despite
physical fitness testing as a means for assessing pupils in a norm-
references manner having been referenced as problematic and
potentially a direct violation of the Regulations Pursuant to the
Education Act (LOVDATA, 2006a; The Norwegian Directorate
for Education and Training, 2015b). It should be acknowledged,
however, that due to Norway’s highly decentralized education
system, where teachers experience considerable autonomy in
their teaching and assessment practices (Tveit, 2014; Leirhaug
and Annerstedt, 2016), there may be discrepancies between
schools in the use of fitness testing. Even so, pupils with greater
levels of physical fitness may still achieve better assessment
based on their ability of high exertion. For instance, Norwegian
PE-teachers are reported to interpret the effort criterion as
pupils’ ability in working physically hard, with their assessment
based on the visible behavior within the activity which is
taught (Aasland and Engelsrud, 2017). When the subject then
is dominated by sports and fitness training (Moen et al., 2018),
pupils with greater levels of physical fitness may not only have
the capacity to exert greater levels of effort in line with the
teachers’ understanding of the effort criterion, but also be given
the possibility to, and be rewarded for, the ability to express
strength, power, and endurance at a higher level compared to
their peers. Furthermore, a recent study revealed that Norwegian
pupils with high and low levels of physical fitness (i.e., measured
by oxygen uptake) experienced considerable discrepancy in the
quantity of assessment received from their PE-teachers, with the
less physically fit pupils experiencing less attention and feedback
(Lyngstad et al., 2020). Potentially, this inequality may further
reinforce individual differences in achievement based on their
physical fitness levels.

METHODOLOGICAL CONSIDERATIONS

Some methodological limitations and strengths need to be
acknowledged, which hopefully can inform further studies. First,
it is important to note that the cross-sectional design and the
moderate sample size do not warrant any causal conclusions.
Additionally, the objective assessment of motor competence and

physical fitness could have caused a selection bias. Potentially,
pupils more confident in their motor competence and physical
fitness chose to participate. However, the current sample’s high
average academic achievements in PE were in proximity with
the national average for grade 10 pupils. This suggests that the
sample had some resemblance to the general population in the
Norwegian lower secondary school level. Before and during
data collection, we ensured that all testing was conducted in
a safe and private environment so that pupils avoided being
observed by their respective PE-teachers or their peers. Second,
as highlighted in the constraints-led theoretical perspective, the
grade in PE could be viewed as a result of the dynamic and
mutually influential relationship between individual, task, and
environmental constraints. In the current study, the rationale for
investigating motor competence and physical fitness is rooted in
the current knowledge regarding teaching content, discourses,
and teachers’ assessment practices (i.e., task/environmental
constraints). All these constraints are not captured in the current
study but might influence which pupil-related factors are of
relevance in understanding their academic achievement within
PE. Third, as motor performance is deemed as being highly
task specific, the current task items for fine motor assessment
may have failed to adequately replicate or represent movement
activities within PE, and as such explain the lack of finding any
significant differences between achievement groups.

CONCLUSION

To the authors’ knowledge, the current study is first in
identifying differences in physical fitness, and one component
of gross motor competence, between pupils with different
academic achievements in PE. Regarding the hypothesis of
pupils with greater levels of motor competence receiving
higher grades in PE, only the gross motor task W/R were
significantly different in favor of pupils with the highest
academic achievement level. In general, this implies that
the first hypothesis is rejected. In contrast, the results
confirmed the second hypothesis expecting more physically
fit pupils to receive higher grades as opposed to their less
physically fit peers. Collectively, these results offer insight
into individual constraints with the potential to influence
pupils academic achievement in PE. More specifically,
PE-teachers should acknowledge individual differences in
physical fitness levels in their teaching and assessment practice,
addressing systematic bias in their chosen teaching content and
assessment criteria.
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