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ABSTRACT

This study aimed to examine the latent structure of general and sport-specific physical fitness
in adolescent ice hockey players aged 12 to 15 years and to evaluate its development across
two ontogenetic stages. Data were obtained from 1,502 players tested off-ice and 1,538 play-
ers tested on-ice, with 1,061 completing both. A longitudinal subsample of 493 players who
completed all off- and on-ice tests in both 6th and 9th grades was used for confirmatory
factor analysis. The off-ice battery included six general fitness tests, while the on-ice battery
consisted of four to five skating-based assessments. Two CFA models were constructed to
test grade-specific factor structures using the least squares method. In both age groups, a
two-factor model was confirmed, comprising a general fitness factor and a grade-specific
factor. In 6th grade, the specific factor was primarily defined by off-ice performance, whereas
in 9th grade, it was defined by on-ice measures. The 6th-grade structure reflected a gener-
alised motor base with moderate specialisation. By 9th grade, sport-specific fitness emerged
more distinctly, while general fitness remained influential. The findings support a develop-
mentally progressive model of physical fitness in adolescent ice hockey players. General fit-
ness dominates early adolescence, whereas sport-specific competencies gain prominence by
mid-adolescence. These insights have practical implications for designing age-appropriate,
phased training programmes in youth ice hockey development.
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INTRODUCTION

Ice hockey is a high-intensity, intermittent team sport that places considerable demands on both sport-
specific technical and tactical skills (Montgomery, 1988; Daigle et al., 2022; Lemoyne et al., 2022) as
well as physical capacities, including endurance, speed, strength, and agility (Cordingley et al., 2019;
Peterson et al., 2015; Vigh-Larsen et al., 2020). The sport is characterised by rapid alternations between
offensive and defensive actions at varying intensity levels (Wagner et al., 2021). Elite-level performance
further requires well-developed anaerobic and aerobic energy systems, alongside morphological
attributes such as body mass and stature to support physical contact (Montgomery, 1988; Boland et
al,, 2019; Vigh-Larsen et al., 2020). Consequently, the optimisation of both energy systems is essential
for effective on-ice skating performance (Janot et al., 2015). Skating is regarded as a fundamental
motor skill in ice hockey, requiring players to demonstrate agility, speed, and physical preparedness
across a range of competitive scenarios (Krause et al., 2012; Novak et al., 2019). Core skating abilities
include acceleration, braking, rapid changes in velocity and direction, and weave agility, all of which
can be executed with or without puck control (Montgomery, 1988; Novak et al., 2019). In addition
to skating, technical skills such as shooting and passing remain critical for individual and team
performance (Huard Pelletier et al., 2021). Off-ice training and testing are routinely incorporated into
youth development programmes to complement on-ice training. Identifying off-ice indicators that
correlate with skating and game performance is therefore crucial for the design of effective training
regimes (Krause et al., 2012). Although both off-ice and on-ice testing are used to assess fitness-related
attributes (Boland et al., 2019) , the empirical relationship between them remains insufficiently
explored. While some studies suggest limited predictive value of off-ice tests for in-game performance
(Daigle et al., 2022; Peterson et al., 2015), others report moderate to strong correlations between off-ice
and on-ice metrics (Bracko & George, 2001; Wagner et al., 2021). Evidence supports the contribution
of off-ice training to motor control and skating performance (Farlinger & Fowles, 2008; Janot et al.,
2013; Deehlin et al., 2017). However, inconsistencies remain regarding which specific variables best
predict on-ice outcomes in youth players’ (Roczniok et al., 2013; Williams & Grau, 2020). For example,
linear sprinting ability measured by the 40-yard dash is a frequently cited off-ice correlate of skating
speed (Behm et al., 2005; Bracko & George, 2001; Krause et al., 2012). Plyometric and resistance
training protocols have also been shown to improve short-distance on-ice acceleration in adolescent
players (Dzhlin et al., 2017), although they may not reflect repeated-shift performance (Peterson et
al,, 2015). Furthermore, the predictive value of off-ice indicators for game statistics such as goals and
assists remains weak or inconsistent (Williams & Grau, 2020). Existing research has documented
numerous off-ice and on-ice parameters associated with performance, including anthropometrics,
muscular strength, aerobic and anaerobic power, agility, and flexibility (Gébor, 2009; Haukali &
Tjelta, 2015; Martini et al., 2022; Slavicek et al., 2022). These variables are often explored in relation to
talent identification and long-term athletic development (Huard Pelletier et al., 2021; Lemoyne et al,,
2022). Several studies have also identified associations between physical maturation and performance
development across adolescence (Cordingley et al., 2019; Vigh-Larsen et al., 2020) highlighting the

importance of monitoring both general and sport-specific fitness indicators during this critical phase.
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Despite these findings, limited research has employed multivariate approaches such as factor
analysis to explore the latent structure of physical fitness in adolescent ice hockey players. A more
detailed understanding of how general and sport-specific fitness dimensions co-develop could
inform the design of age-appropriate training programmes. Such models are particularly valuable
for distinguishing between foundational physical capacities and those that are more closely
aligned with the technical demands of ice hockey. This study aims to model the latent structures
of general and sport-specific physical fitness in adolescent ice hockey players aged 12 to 15 years
using confirmatory factor analysis. By integrating data from standardised off-ice assessments
(representing general fitness) and on-ice evaluations (reflecting sport-specific performance),
the research seeks to identify underlying fitness constructs and examine their developmental
progression during early adolescence. This approach offers a nuanced understanding of how key

physical capacities evolve during a critical period for athletic development in ice hockey.

METHODS

Participants

A total of 1,502 adolescent ice hockey players participated in off-ice testing, and 1,538 took part
in on-ice testing. Of these, 1,061 players completed both types of assessments. Participants were
drawn from two developmental cohorts: 6th grade (mean age approximately 12 years) and 9th
grade (mean age approximately 15 years). All individuals were monitored longitudinally over a
four-year period. Inclusion criteria required full participation in both off-ice and on-ice testing in
both 6th and 9th grades. A final subsample of 493 players met these criteria and was included in the

confirmatory factor analysis.

Table 1 Number of participants in each testing category

Off-Ice Testing On-Ice Testing Off- and On-Ice Testing
6th grade 813 808 568
9th grade 689 730 493
Total 1502 1538 1061

Procedures

Testing was conducted according to standardised protocols provided by the Czech Ice Hockey Association (Pavlis,
2000). The off-ice test battery consisted of six assessments targeting general physical fitness: a six-
jump test (explosive lower-limb power), a 50-metre sprint (speed), a medicine ball throw (upper-body
power), an obstacle course (agility), aforward bend (flexibility), and a 1,500-metre run (aerobic capacity).
The on-ice test battery comprised four to five sport-specific skating tasks: forward and backward
skating, a 36-metre sprint, and a slalom test. Average scores were calculated where multiple trials
were performed. All testing was administered by trained evaluators under standardised conditions to
ensure consistency across sessions. The test selection was guided by prior literature emphasising the
concurrent development of general and sport-specific motor competencies in youth athletes (Gulbin
et al., 2013; Phillips et al., 2010; Pino-Ortega et al., 2021; Rudd et al., 2020).
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Statistical Analysis

Pearson correlation coefficients were calculated for all test scores in both grade levels. These
correlation matrices formed the basis for confirmatory factor analysis (CFA), which was used to
examine the latent structure of physical fitness. The CFA was conducted using Gefa 2.0 software,
applying the least squares estimation method. Latent variables were modelled as correlated. Separate
CFA models were specified for the 6th and 9th grade cohorts. In both models, a two-factor structure
was hypothesised: a general fitness factor (common to both age groups) and a grade-specific factor.
For the 6th grade, the specific factor was defined by off-ice general fitness performance; for the 9th
grade, it was defined by on-ice sport-specific tests. The model structure was based on theoretical
perspectives concerning the progressive role of sport specificity in adolescent athletic development
(Bollen, 1989; Joreskog, 1969; Kaplan, 2008).

RESULTS

Results in 6th grade

The factor structure for the 6th-grade cohort was tested using a two-factor model, as summarised
in Table 2. Model fit indices are presented in Table 3, confirming a strong alignment between
the proposed model and the observed data. The estimated loadings for each factor are detailed in
Table 4. The highest factor loadings on the general fitness factor were observed in skating-related
assessments, particularly in backward skating (0.797). The specific fitness factor, however, showed
its strongest loadings from the 50-metre sprint (0.526) and the obstacle course (0.530). Despite
these notable loadings on the specific factor, the magnitudes were lower compared to the skating
tests on the general factor, indicating that general physical fitness characteristics dominate overall
performance in this younger cohort. Residual correlation analysis confirmed acceptable model fit.
Most unexplained correlations were below 0.10, with only three exceptions; the highest residual
was 0.139. Such residuals remain within acceptable limits suggested by methodological literature
(Kline, 2016).

Table 2 Structural hypothesis: Matrix A - 6th grade

Test General Factor Specific Factor

6 Jump 1 1
50 m Run
Medicinball Throw
Obstacle Course
Forward Bend Depth
1500 m Run

Skating Forward
Skating Backwards
36 m Sprint

_._‘_‘_‘___.__
I = R S

Slalom (mean score)
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Table 3 Model fit indices — 6th grade

Indicator Value
Functional value 0.110
Largest gradient of the loss function 0.000123612
Average residual unexplained correlation 0.0349
Bentler delta (least squares method) 0.986

Table 4 Factor loadings - 6th Grade.

Test General Factor Specific Factor
6 Jump 118 477
50 m Run 247 .526
Medicinball Throw 207 239
Obstacle Course 332 .530
Forward Bend Depth .190 356
1500 m Run 270 445
Skating Forward .699 .000
Skating Backwards 797 .000
36 m Sprint .621 .000
Slalom (mean score) 368 .000

Results in 9th grade

The CFA model for the 9th-grade cohort employed a different structural hypothesis (Table 5),
reflecting the increased importance of sport-specific performance measures in this age group.
Model fit indices (Table 6) indicated good model-data correspondence, and detailed factor loadings
are presented in Table 7. The highest loadings on the general fitness factor were observed for the
50-metre run (0.756), while the highest loadings on the specific fitness factor were observed in
skating-related tests, especially forward skating (0.850). Notably, negative loadings observed for
some tests (e.g., 6-jump test and medicine ball throw) reflect inverse scoring directions, where
higher values represent poorer performance outcomes, such as longer completion times. While
these results suggest a clearer separation of general and sport-specific factors compared to the
younger group, shared variance remains evident. This indicates ongoing interplay between
general motor abilities and sport-specific skills at this developmental stage. Residual correlations
generally indicated acceptable fit, with most values below the established threshold of 0.10. Only
three residual correlations exceeded this limit, with the highest recorded at 0.158, still considered
acceptable within standard CFA practices (Kline, 2016).

Table 5 Structural hypothesis: Matrix A - 9th grade

Test General Factor  Specific Factor
6 Jump 1 0
50 m Run 1 0
Medicinball Throw 1 0
Obstacle Course 1 0
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Test General Factor  Specific Factor
Forward Bend Depth 1 0
1500 m Run 1 0
Skating Forward 1 1
Skating Backwards 1 1
36 m Sprint 1 1
Slalom (mean score) 1 1

Table 6 Model fit indices - 9th grade

Indicator Value
Functional value 0.164
Largest gradient of the loss function 0.000013641
Average residual unexplained correlation 0.0427
Bentler delta (least squares method) 0.981

Table 7 Factor loadings — 9th Grade.

Test General Factor Specific Factor
6 Jump -.606 .000
50 m Run 756 .000
Medicinball Throw -416 .000
Obstacle Course 610 .000
Forward Bend Depth -.331 .000
1500 m Run .563 .000
Skating Forward .092 .850
Skating Backwards 182 .675
36 m Sprint .386 213
Slalom (mean score) 254 224
DISCUSSION

Athletic training during early developmental stages has received significant academic attention,
particularly regarding principles of trainability in children and adolescents. Scholarly consensus
advocates versatile, developmentally appropriate training programmes (Coté et al., 2007; Root et
al., 2019; Baker et al., 2021; Giillich et al., 2022). However, a critical issue remains in determining
how closely theoretical models correspond to training practices implemented within specific
sports, such as ice hockey. This study highlights several important insights regarding the latent
structure of physical fitness during adolescence. The analysis identified a two-factor structure
comprising general and specific fitness components, reflecting developmental differentiation
consistent with existing literature (Phillips et al., 2010; Gulbin et al., 2013). Within the 6th-grade
cohort, a prominent general fitness factor was observed, characterised by robust loadings across

both off-ice and on-ice assessments. This supports the assertion that younger adolescents benefit
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from training programmes emphasising comprehensive motor skill development rather than
sport-specific specialisation (Coté et al., 2007; Giillich et al., 2022). The relatively smaller influence
of the specific factor at this stage reinforces the idea that general movement competencies underpin
subsequent sport-specific performance, underscoring the effectiveness of multilateral training
in early adolescence. By the 9th grade, the analysis revealed an increasingly differentiated latent
structure, with a clearer emergence of a sport-specific fitness factor. This factor was predominantly
characterised by skating performance, reflecting greater specialisation in ice hockey-specific skills.
This finding aligns with theories advocating gradual progression toward specialisation as athletes
mature (Baker et al., 2021; Giillich et al., 2022). Notably, however, the general fitness factor retained
a significant role, indicating that foundational motor skills and attributes remain integral to overall
athletic performance at this age. The identified unidimensional nature of the specific fitness factor
among 9th graders likely results from prolonged exposure to structured, specialised training. In
ice hockey, adolescent athletes typically experience similar training stimuli regardless of playing
position, supporting a balanced development of key motor abilities (Novék et al., 2019; Vigh-Larsen
etal., 2020). Contrary to common perceptions of early position-specific specialisation, the data from
this study suggest that early adolescent training should maintain a balanced approach that fosters
overall athletic versatility. The observed results can also be understood within the framework of
motor learning stages. For the 6th graders (under-12 category), skating skills predominantly reflect
characteristics of the second phase of motor learning, where motor development benefits strongly
from general physical experiences and transfer effects (Phillips et al., 2010). Conversely, the 9th-
grade participants (under-15 category) appear to have transitioned to the third phase of motor
learning, where sport-specific skills are refined and movement efficiency becomes paramount
(Gulbin et al., 2013). This developmental trajectory supports structured, progressive specialisation
in youth training regimens, informed by ontogenetic principles and motor learning theories. A
notable consideration emerging from this study is the interaction between structured training,
spontaneous physical activity, and ontogenetic development. Previous research suggests that the
standard training frequency of 3-4 weekly sessions may have limited effects on physical fitness
gains during early adolescence, as spontaneous physical activity remains influential at younger ages
(Cordingley et al., 2019; Root et al., 2019). The current findings reinforce the notion that structured
training plays an increasingly pivotal role as spontaneous physical activity declines with age,
shifting developmental demands toward specialised training inputs. Overall, this study advocates
a phased, developmentally informed approach to athletic training. Initially, versatile, non-specific
training programmes should dominate, progressively evolving towards targeted, specialised
regimens as athletes mature. This strategy optimises the developmental trajectory of adolescent

athletes, balancing foundational motor abilities and specialised sport-specific competencies.

CONCLUSION

This study provides empirical support for a developmental progression of general and sport-specific
physical fitness in adolescent ice hockey players. Confirmatory factor analysis identified a two-

factor latent structure, comprising general fitness abilities that are prominent in early adolescence
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and sport-specific abilities that become more distinctly influential by mid-adolescence. At the age
of 12 (6th grade), physical performance was largely determined by general motor competencies,
indicating the necessity of versatile, comprehensive training regimens. By age 15 (9th grade),
sport-specific performance indicators, particularly skating skills, emerged as key determinants of
physical fitness, suggesting a need for increasingly specialised training.

These findings underscore the importance of adopting developmentally appropriate training
strategies, initially emphasising broad motor skill development and progressively transitioning to
targeted, sport-specific preparation. Coaches and trainers should remain attentive to the declining
role of spontaneous physical activity as adolescents mature, compensating with structured,
specialised training programmes. Additionally, understanding the transition through phases of
motor learning can further optimise the training process, promoting athletic development aligned

with athletes’ maturational stage and specific sport requirements.
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