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Abstract. It is not well understood whether strength could ever influence 
performance in which only sub-maximal, moderate exertions are needed 
although strength may be indicative of the movement performance at or near 
the maximal level.  In this paper, we present some evidence from two studies 
suggesting the strength effects on performance strategies in volitional physical 
tasks, and based on the evidence, a new framework was proposed for human 
movement modeling and simulation that incorporates the strength factor.  
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The existing digital human models are created based primarily on the gender and 
anthropometry information.  Many physical or cognitive attributes are not included as 
the input variables in current software tools when rendering digital human “avatars” 
and their performance.  Among these is the strength factor—that is, the maximum 
force or moment one can produce.  It is well accepted that strength is posture- or 
movement-dependent [3].  It is also intuitive that strength may be indicative of the 
movement performance at or near the maximal level (e.g., the maximum acceleration 
producible).  It is, nevertheless, not well understood whether strength could ever 
influence performance in which only sub-maximal, moderate exertions are needed.  In 
this paper, we present some evidence from two studies suggesting the strength effects 
on performance strategies in volitional physical tasks, and based on the evidence, we 
propose a new framework for human movement modeling and simulation that 
incorporates the strength factor. 

In the first study [1], we investigated the effects of individuals’ dynamic 
(isokinetic) strength and their knowledge of strength (whether you know how strong 
they are) on their selection of load-pace balancing strategy.  Thirty-two subjects (16 
men and 16 women) first underwent dynamic strength tests of the shoulder, back, and 
knee joints, and then performed simulated manual materials handling tasks.  In the 
latter tasks, they were allowed to choose any scenario to complete the handling of a 
batch of multiple weight plates; for example, for a batch of three plates, one may 
choose to handle all three in one carry, two in one carry and one in the other, or one in 
each of three carries.  Prior to the materials handling tasks, half of the subjects were 
provided with knowledge feedback of their strength testing results (in percentile 
ranks), and the other half not.  The study showed that dynamic strength and 
knowledge feedback both had significant effects on measures quantifying the 
handling strategy.  Individuals with greater strength tended to adopt a strategy 



 The Strength Factor in Digital Human Modeling and Simulation 145 

corresponding to heavier load per carry and fewer carries per batch.  Receiving 
knowledge feedback evoked a tendency towards handling heavier load, and this 
tendency was more salient in the weaker individuals. 

In the second study, we further examined whether the dynamic strength could have 
an effect on how people move.  We asked the same 32 subjects to perform lifting 
tasks, measured their lifting motions, and then quantified their lifting styles (i.e., back 
lift vs. leg lift) using a simple index [2].  We found that dynamic strength had a 
significant effect on the lifting strategy: subjects with back strength greater than their 
total knee strength tended to use a back lift strategy, and vice versa. 

The above two studies suggest that the strength factor may affect both the high-
level decision making (e.g., what effort level to choose) and the low-level motor 
control (e.g., which body segment as the prime mover) during goal-driven (as 
opposed to passive) physical performance.  The development of next generation 
digital human models ought to incorporate such factors in order to improve the 
realism and utility of the model-based simulation tools.  We therefore propose a new, 
more holistic framework for digital human modeling and simulation integrating many 
consequential task and personal factors currently not considered as model inputs. 
Figure 1 illustrates the proposed framework, in which the left-side blocks and their 
interrelationships in fact constitute the conventional logic diagram of forward 
dynamic simulation of human movement production.   

 

 

 

Fig. 1. A new, more holistic framework for digital human modeling and simulation of physical 
performance involving movements 

Note this is a closed-loop system where the feedback of current state (position and 
velocity) may influence not only the next state but also the musculotendon geometry, 
muscle force production, as well as the high-level neural excitation patterns.  Of note 
also is that the limits on muscle force production (i.e., strengths) do not play a role 
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explicitly in the movement dynamics unless the limits become active in performance 
at the maximum level. 

The right-side blocks represent the two groups of factors that can affect the 
movement form and production, and ideally should be included as input variables in 
digital human modeling and simulation.  Presently, however, only a limited subset of 
these factors is included.  Anthropometry and gender are the only two personal 
attributes known to affect how a digital human and its movements are rendered at the 
lower geometrical and physical property levels.  A host of additional personal factors 
including strength and other physical capacity limits, self-knowledge of the limits, 
and experience can exert influence on events of all levels in movement production, as 
demonstrated in our studies.  Task characteristics affect how a movement task is 
initiated and sustained at the neural and muscular levels.  Currently, only explicit 
directions or goals are implemented as command inputs (e.g., move forward, turn left) 
in simulation of a movement act.  More implicit goals, such as intrinsic objective of 
minimizing a certain cost function (e.g., energy expenditure, muscle stress) are 
subjects of debates and not yet embodied in any existing simulation tools.  Evidence 
has also accumulated to suggest a multitude of task factors including the load handled 
and speed in a lifting task can influence the movement behavior [4].  Task duration 
certainly relates to muscle fatigue; however, the muscle fatigue effect on movement 
patterns has been difficult to model in digital human modeling. 

Perhaps more important, the interaction between the task characteristics and 
personal attributes could play an important role in movement performance.  As 
evidenced in the second study, given load-pace requirement of a task, one may adapt 
to the best multi-level strategies to complete the task, taking into account one’s 
physical capabilities and prior knowledge. 

Clearly, many of the effects outlined in the proposed framework remain poorly 
understood.  We intend this new framework to guide our future investigations aimed 
to better understand and quantify these effects, one at a time, and then incorporate 
them into the next generation digital human models. 
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