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Research Questions: 
Can the different phone positions (shirt pocket, pants pocket, handheld) detect differences 
in balance between difficult stances? 

 

What is a Generalized Linear Mixed Model (GLMM): 

In this report, we used a generalized linear mixed model with a Gamma distribution. The 
response variable, acceleration measured as 24 m/s2, was modeled using a gamma distribution to 
better model the right skewness. The generalized linear mixed model allows us to model data 
that is not normal by transforming our response variable with a link function. The link function 
we used was a log link function transforming our response (μ), in this case acceleration, using 
the log function η = log(μ). To interpret the results of our model estimates (η) we back-transform 
by exponentiating using the inverse link function, μ = eη, which transforms them back into the 
original units of the data. Using a generalized linear mixed model and a log link does not affect 
the tests for estimates in our model and we can still determine statistical significance from our 
tests.  

 

Generalized Linear Mixed Model: 

●​ Gamma distribution with log link 
●​ Fixed effects: Phone position, stance, phone position * stance 
●​ Random effects: participant 

 

 



 

Fixed Effects Test Table: 

 

●​ Interaction effect was not found to be significant 
○​ F-statistic = 1.482 
○​ Degrees of Freedom = (2, 160) 
○​ p-value = 0.21 

●​ All main fixed effects showed highly significant effects on RMS acceleration 
○​ F-statistics = 11.11; 215.66 
○​ Degrees of Freedom = (2, 160); (4, 160) 
○​ p-values < 0.0001 

■​ All three phone positions can detect significant differences in balance 
across stances of varying difficulty. 

 

Interaction Plot: 

 

 

 

 



 

Main Effect of Stance: 

●​ Both Legs stance consistently had the lowest RMS acceleration (most stable). 
●​ Single Leg stance had the highest RMS acceleration (least stable). 
●​ Tandem stance was intermediate. 

 

Main Effect of Phone Position: 

●​ Pants pocket generally had higher RMS acceleration (less stable) than handheld or shirt 
pocket in the Single Leg stance. 

●​ No significant interaction between phone position and stance (p = 0.21), meaning the 
effect of stance is consistent across phone positions. 

●​ All phone positions ranked stances identically 
○​ Both Legs < Tandem < Single Leg (from most to least stable). 

 

Fixed Effects Table:

 

 

 

 

 

 



 

Sample Interpretations: 

●​ Pants, Single Leg 
○​ Estimate:  

■​ For individuals like those in the study with the phone in their pants and in 
the single leg stance the estimated mean acceleration is 0.171 m/s2. 

○​ Confidence Interval:  
■​ We are 95% confident that the true mean value for acceleration for 

individuals like those in the study with the phone in their pants in the 
single leg stance is between 0.144 and 0.204 m/s2. 

●​ Pants, Tandem 
○​ Estimate: 

■​ For individuals like those in the study with the phone in their pants and in 
the tandem stance the estimated mean acceleration is 0.109 m/s2. 

○​ Confidence Interval: 
■​ We are 95% confident that the true mean value for acceleration for 

individuals like those in the study with the phone in their pants in the 
tandem stance is between 0.092 and 0.130 m/s2. 

●​ Handheld, Both Legs 
○​ Estimate: 

■​ For individuals like those in the study with the phone in their hands and in 
the both legs stance the estimated mean acceleration is 0.040 m/s. 

○​ Confidence Interval: 
■​ We are 95% confident that the true mean value for acceleration for 

individuals like those in the study with the phone handheld and in the both 
legs stance is between 0.034 and 0.048 m/s2. 

 

 



 

Model Fit: 

●​ Gamma distribution with log link was appropriate (residual diagnostics supported 
assumptions). 

●​ Random subject effects accounted for individual variability (estimated variance = 0.059). 
○​ There is some participant-to-participant variation not accounted for by the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

●​ JMP instructions:  
○​ Analyze > Fit Model, 
○​ Set personality to Generalized Linear Mixed Model 
○​ Add acceleration to Y 
○​ Add phone position, stance and their interaction to fixed effects 
○​ Add participant to random effects 
○​ Click run 

 


