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SUMMARY 

The Decathlon is complex multievent where training and 

competitive transfer between individual events have been 

postulated to exist. Structural equation modeling (SEM) is a 

more complex multivariate statistical model that enables more 

complex individual event interactions to be evaluated. 

Utilising IAAF Decathlon 2005, 2006 and 2007 data from 

elite decathletes the interactions between the events were 

quantified using SEM path analysis theory testing, which 

revealed minimal direct and indirect causal effects between 

Decathlon events. The findings support an emphasis on single 

event based training for the majority of events that make up 

the Decathlon.  

 

INTRODUCTION 
One of the primary objectives of multivariate statistics and 

analysis is to enhance a researcher’s explanatory ability by 

examining more complex multivariate interactions [1,2]. 

Structural equation modeling is analogous to multiple 

regression, however it is a more powerful statistical method as 

it can evaluate the modeling of more complex interactions. 

SEM may be used as a more powerful alternative to multiple 

regression, factor analysis, time series analysis, and analysis of 

covariance, as it combines factor analysis and multiple linear 

regression and enables the researcher to examine interrelated 

dependence relationships between independent, mediating and 

dependent variables simultaneously. The men’s Decathlon 

consists of ten events and represents a complex interactive 

multivariate athletic event. The Decathlon occurs on two 

consecutive days. The events are contested in the following 

order; day 1, consists of 100m, long jump, shot put, high jump 

and 400m; and day 2, consists of 110m hurdles, discus, pole 

vault, javelin and 1500m. Points are awarded for actual 

performance in each event based on a set of outdoor scoring 

tables. The sum of the ten event scores results in total points 

for the decathlon and awarding of places. 

 

A number of theoretical models have been postulated in terms 

of Decathlon training guidelines [3], specifically:  

1. To group the individual events into training sessions based 

on the human energy systems as they influence each event.  

2. The perceived conceptual overlap of each event with other 

related events, such as sprints, throws and jumps, which 

are thought to reflects constructs of speed, power and 

strength respectively.   

3. That each event represents a unique motor skill and must 

be trained as a unique motor skill or event.        

Empirical evidence using univariate statistical methods has 

established some relationships between strength and power as 

predictors of sports speed through correlation analysis (non 

causal associational statistics) [4]. The multivariate statistical 

technique of factor analysis indicated that some factors of 

events in the Decathlon exist [3], specifically factor 1 - 

throwing ability, factor 2 - sprint/hurdle ability, factor 3 - long 

sprint and endurance ability, factor 4 - jumping ability and 

factor 5 - pole vault ability. Pole vault ability was essentially a 

unique factor and an event with minimal statistical association 

with the other nine vents.  

 

However, in previous research the complex interactions 

between all events were not explored using SES-path analysis 

and the results from this type of analysis would have 

important implications for designing training units to 

maximise training and competition transfer between the ten 

events of the Decathlon. SEM and specifically path analysis, 

one of its variants, is a more powerful method of theory 

exploration, where the congruence between the theory-model 

and the data is tested. As well, it enables the simultaneous 

evaluation of direct, indirect and spurious effects between 

complex data sets consisting of many potentially interacting 

variables. The predominant aim of the research was to 

evaluate using multivariate techniques of structural equation 

modelling and path analysis complex interactions between the 

individual events in terms of the direct effects of shot put, 

discus, javelin (strength-power events) on the long and high 

jump (power events), and indirect effects of the throwing 

events on the 100m, 400m, 110m hurdles (sprint-speed events) 

and 1500m. Essentially, to evaluate if competition transfer 

between events exists and then use this information to address 

Decathlon training implications generated from these 

outcomes.  

 

METHODS 

The database to derive the structural equation models was 

based on the top 367 open IAAF ranked [5] male decathletes 

from IAAF sanctioned multievents competitions from years 

2005, 2006 and 2007. Specifically, the individual scores for 

the four track events (100m, 400m 110m hurdles and 1500m) 

where times were measured to the nearest 100
th

 second and for 

the six field events (throws and jumps) to the nearest 

centimetre. The 1500m was converted to seconds to facilitate 

the structural equation calculations.   

 

Statistical analysis utilised AMOS 18 software [1] to solve the 

structural equations and path diagrams based on 
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recommendations from Hair et al., [2] to assess model fit. The 

pole vault was excluded from the path analysis as previous 

research [3] indicated this event was statistically unique and 

shared minimal common variance with the other nine events. 

The path diagram was generated for the nine events to 

evaluate path coefficients between throws and jumps (direct 

effects) and throws to jumps to sprints, hurdles and 1500m 

(both direct effects and indirect effects). The logical sequence 

being strength-power events (throws of shot, discus and 

javelin) to power events (long and high jumps) and then to  

sprints events (100m, 400m and 110m hurdles) and 1500m.  

 

The path model is a diagram relating independent (direct), 

intermediary (indirect) and dependent variables. Single arrows 

indicate direction of causation between exogenous or 

intermediary variables and the dependent variables. Double 

arrows indicate correlation between pairs of exogenous 

variables in this context the throwing events.  

 

 

RESULTS AND DISCUSSION 

Figure 1indicates the path diagram and path coefficients for 

the proposed theoretical model linking the nine events it can 

be observed the direct path coefficients for shot put, discus 

and javelin to the long jump and high jump are statistically 

non significant and causally week. 

 
Figure 1: The path diagram showing direct path coefficients 

between the nine events in rectangles and the error variance 

terms for the respective variables are in ellipses.   

 

A similar finding of non significant path coefficients exists for 

high jump with 100m, 400m and 1500m. However, there was 

a significant path between high jump and 110m hurdles 

(p=.01).  The other significant path coefficients were for long 

jump with 100m (p<.001), 400m (p<.001) and 110m hurdles 

(p=.004). There is expected significant covariation (double 

headed arrows) between the three throwing events. The 

standardized direct and indirect effects are displayed in table 1 

and table 2. The values in bold in table 1 were the significant 

direct paths linking the jump and sprint events and values in 

bold in table 2 indicate the non significant indirect paths 

between throwing events mediated by the jumps to sprint 

events. In effect these indirect paths are non causal.       

The model fit to the data (covariate matrices) was very poor, 

which explains the many non causal direct and indirect paths 

(Chi-square = 317.770, D.F. = 19, P = .000). 

Table 1: Standardized direct effects for the nine events. 

Events javelin discus shot put high jump long jump 

high jump .085 .101 .102 .000 .000 

long jump .024 -.120 .083 .000 .000 

m1500 .000 .000 .000 .056 .056 

m400 .000 .000 .000 .073 -.172 

m110h .000 .000 .000 -.132 -.149 

m100 .000 .000 .000 .027 -.267 

Table 2: Standardized indirect effects for the nine events. 

Events javelin discus shot put high jump long jump 

high jump .000 .000 .000 .000 .000 

long jump .000 .000 .000 .000 .000 

m1500 .006 -.001 .010 .000 .000 

m400 .002 .028 -.007 .000 .000 

m110h -.015 .005 -.026 .000 .000 

m100 -.004 .035 -.019 .000 .000 

 

These findings for the majority of interactions at the level of 

direct and indirect effects are causally weak or essentially 

nonexistent except for the long jump, which to a statistically 

significant degree predicted 100m, 400m and 110m hurdle 

competition performance. The throwing events displayed 

negligible predictive validly for the jump or sprint events 

indicating the strength-power components in these events are 

not transferred to performances in the jumps and sprints. 

These results indicate performance between the Decathlon 

events is predominantly unique to each event with minimal to 

negligible common variance both direct and indirect. Training 

units based on these findings suggest the majority of 

Decathlon events must be trained as individual events due to 

minimal causal interaction with other events. The strength, 

power and speed training should articulate with the unique 

requirements of individual events and being cognizant that no 

individual event has sufficient time in training to reach 

standards displayed by specialist single event athletes at the 

elite performance level.    

 

CONCLUSIONS 

SEM-path analysis provides detailed understanding of the 

complex interactions that exist between nine of the Decathlon 

events.  Understanding these complex interactions or lack of 

interaction between events in this research indicated a training 

emphasis, which should be individual event centred and not 

rely on training and competitive transfer between events.  
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