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Introduction


Please refer to the link above for information on the data collection.  My analysis aims to be a little more in-depth than the original analysis.  First, while it has been suggested that the average number of paralyze procs per minute is a good way to compare gear setups, I disagree.  Not all casts with the same procs/min are created equal.  The following two situations both have an average of 2 procs/min.  

Situation 1: 2 procs, 1 minute

Situation 2: 1 proc, 30 seconds

I would argue, that Situation 2 is more favorable than Situation 1, as 2 procs/min is a fairly weak paralysis, and in Situation 2 you are able to re-cast paralyze sooner (I can only wish that a stronger cast would overwrite a weaker cast for enfeebles like it does for bar-spells).  Granted, you are not guaranteed to end up with a better paralysis with the re-cast, but I’d rather have the opportunity to try.  


Second, I think most RDMs could agree that duration is not the aspect of the cast we would like to maximize.  I think most would agree that a paralyze that procs 4 times and lasts 30 seconds is a far better cast than a paralyze that never procs and lasts 2 minutes (which based on this data seems to be the maximum duration for paralyze).  Therefore, I will focus my analysis on the total number of procs per cast.

Preliminary Analysis
	Table 1: Descriptive Statistics

	Group
	Naked
	Enfeebling
	MND

	Variable
	Mean
	S.D.
	  n
	Min
	Max
	Mean
	S.D.
	n
	Min
	Max
	Mean
	S.D.
	n
	Min
	Max

	Procs
	1.8
	1.6
	24
	0
	6
	2.6
	1.7
	29
	0
	7
	3.6
	2.4
	27
	0
	8

	Duration
	54.2
	24.1
	24
	16
	111
	65.1
	23.7
	29
	20
	116
	72.0
	29.5
	27
	10
	118

	MND
	70.0
	0.0
	30
	70
	70
	71.0
	0.0
	30
	71
	71
	127.0
	0.0
	30
	127
	127

	Enfeebling
	280.0
	0.0
	30
	280
	280
	309.0
	0.0
	30
	309
	309
	280.0
	0.0
	30
	280
	280

	HQ Staff1
	0.0
	0.0
	30
	0
	0
	0.0
	0.0
	30
	0
	0
	0.0
	0.0
	30
	0
	0

	Group
	H.Q. Staff
	Exp
	Total

	Variable
	Mean
	S.D.
	  n
	Min
	Max
	Mean
	S.D.
	n
	Min
	Max
	Mean
	S.D.
	n
	Min
	Max

	Procs
	2.2
	1.6
	30
	0
	6
	4.5
	2.6
	30
	0
	9
	2.95
	2.3
	140
	0
	9

	Duration
	67.3
	23.1
	30
	32
	107
	85.6
	30.3
	30
	30
	120
	69.41
	27.9
	140
	10
	120

	MND
	70.0
	0.0
	30
	70
	70
	100.0
	0.0
	30
	100
	100
	87.60
	22.9
	150
	70
	127

	Enfeebling
	280.0
	0.0
	30
	280
	280
	309.0
	0.0
	30
	309
	309
	291.60
	14.3
	150
	280
	309

	HQ Staff1
	1.0
	0.0
	30
	1
	1
	1.0
	0.0
	30
	1
	1
	0.40
	0.5
	150
	0
	1

	1 HQ Staff was coded as 1 for yes, 0 for no.  This allows its inclusion in statistical analysis.  The mean of HQ Staff for each group represents the proportion of cases cast with a staff.  
Note: cases that were resisted were coded as missing.  This accounts for the different n’s in the table.  


	Table 2: Bivariate Correlations

	
	
	Procs
	Duration
	MND
	Enfeebling
	HQ Staff

	Procs
	1.000
	
	
	
	

	Duration
	0.647***
	1.000
	
	
	

	MND
	0.331***
	0.210**
	-1.000
	
	

	Enfeebling
	0.232**
	0.187*
	-0.075
	#1.000
	

	HQ Staff
	0.154
	0.218**
	-0.093
	#0.167*
	1.000

	*p≤0.05 (2-tailed) **p≤0.01 (2-tailed) ***p≤0.001 (2-tailed)


As we can see from Table 1, as the average duration increases, so too does the average number of procs.  Looking at Table 2 for the bivariate correlations (each variable with 1 and only 1 other variable), we can see that there is a moderately strong, positive relationship between duration and number of procs (as one increases, so does the other).  As this relationship is significant
, we will need to account for this relationship in the final analysis.  Further, MND and enfeebling also have significant positive relationships with number of procs, and while casting with a HQ staff does also has a positive relationship with number of procs, this effect is non-significant.  MND, enfeebling and casting with a HQ staff all have significant, positive (albeit weak ones) on the duration of spell.  It should be noted, that while using a HQ staff has a stronger relationship with duration than MND, it is not significantly stronger (see Appendix A).  
Path Analysis

Figure 1: Proposed Model


[image: image1]
We are ultimately interested in the number of procs; however, since duration has an effect on the number of procs, this must also be accounted for.  In the proposed model, we are able to see the effects of MND, enfeebling skill, and using a HQ staff on duration; as well as the effects of MND, enfeebling skill, using a HQ staff, and duration on number of procs.   Further, we will be able to see the indirect effects of MND, enfeebling skill, and using a HQ staff on procs, as mediated by duration
.  
Clustered OLS regression was used to estimate the coefficients in this analysis.  OLS regression is a technique which creates an equation to predict the dependent variable, and the coefficients will minimize the difference between the predicted value and the observed value of the dependent variable.  If there is only one dependent variable, and one independent variable, the regression equation will be y′ = a + bx; where a is a constant and b is the effect of x on y.  This equation produces a straight line.  When there are two independent variables, the equation (y′ = a + b1x1 + b2x2) produces a plane, and each additional variable simply adds another dimension (I personally can’t picture anything beyond 3 dimensions, so I won’t even try)
.  
Because of the experimental setup of this test, clustered OLS regression was used to account for the fact the observations within each group are not independent of one another (however, the observations are independent across groups).  Two separate regressions were run, one for the effects of MND, enfeebling skill, and using a HQ staff on duration; the other for the effects of MND, enfeebling skill, using a HQ staff, and duration on number of procs.  See Tables 3 and 4 respectively for regression results.  

The column in which we are interested is the b* column.  The b* coefficients represent the standardized
 effect of the independent variable on the dependent variable.  The standardized effect is interpreted as the standard deviation unit change in the dependent variable per standard deviation unit change in the independent variable.  The standardized effects are used, as since the units for all the independent variables are the same (all are measured in standard deviation units) we are able to compare the relative strengths of different predictors by comparing the magnitude of the effects.  
	Table 3: Clustered OLS regression of duration

	Predictor Variable
	           b*
	Robust Std. Error
	t

	MND
	0.245
	0.006##
	49.37#***

	Enfeebling
	0.174
	0.011##
	31.00#***

	HQ Staff
	0.219
	0.320##
	38.46#***

	R2
	0.132#***

	BIC′
	-4.977####

	n
	140####

	*p≤0.05 (2-tailed) **p≤0.01 (2-tailed) ***p≤0.001 (2-tailed)
Note: b* values obtained through betacoef command in STATA

          t-values calculated from unstandardized coefficients


As we can see from Table 3, each standard deviation unit increase in MND, controlling
 for the effects of enfeebling skill and casting with a HQ staff, results in a 0.245 standard deviation unit increase in the duration of the cast.  The interpretation of the other variables is the same.  All of these effects are highly significant (p≤0.001).  The R2 statistic represents the proportion of variance in the dependent variable, explained by the regression (we can explain 13.2% of the variance in duration using our knowledge of MND, enfeebling skill, and casting with a HQ staff).  As the R2 is significant at p≤0.001, there is less than a 1 in 1000 chance the results found in this model are due to chance alone.  
It should also be noted that in this analysis, when we account for the effects of the other variables in the model, MND has a greater effect than casting with a HQ staff on duration
.  

BIC′ is the approximation to the Bayesian Information Criterion
, and is used when the baseline model is the null model (as is the case in this analysis).  Bayesian inference allows us to account for sample size, a major difficulty in classical inference where increasing the sample size increases the likelihood of finding statistically significant results.  Further, Bayesian inference allows us to determine how strongly our evidence supports our hypotheses, something impossible with classical inference: everything where significance is denoted with *(s).  In this model, a BIC′ of -4.977 means we have positive evidence for the support of our model.  
	Table 4: Clustered OLS regression of procs

	Predictor Variable
	           b*
	Robust Std. Error
	t

	Duration
	0.567
	0.008##
	5.790#**#

	MND
	0.225
	0.004##
	6.240#**#

	Enfeebling
	0.137
	0.004##
	5.940#**#

	HQ Staff
	0.034
	0.129##
	1.210####

	R2
	0.479#***

	BIC′
	-76.324####

	n
	140####

	*p≤0.05 (2-tailed) **p≤0.01 (2-tailed) ***p≤0.001 (2-tailed)
Note: Significance of R2 determined by the likelihood ratio calculated by fitstat in STATA
          b* values obtained through betacoef command in STATA

          t-values calculated from unstandardized coefficients


As we can see from Table 4, each standard deviation unit increase in MND, controlling for the effects of enfeebling skill, casting with a HQ staff, and duration, results in a 0.225 standard deviation unit increase in the number of procs.  The other variables are interpreted in the same manner.  The effects of MND, duration and enfeebling skill are highly significant (p≤0.01), while casting with a HQ staff does not have a significant effect on the number of procs when controlling for the other variables in this model
.  The R2 statistic represents the proportion of variance in the dependent variable, explained by the regression (we can explain 47.9% of the variance in number of procs using our knowledge of MND, enfeebling skill, casting with a HQ staff, and duration).  As the R2 is significant at p≤0.001, there is less than a 1 in 1000 chance the results found in this model are due to chance alone.  In this model, a BIC′ of -76.324 means we have very strong evidence for the support of our model.  
Figure 2: Path Model
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Figure 2 shows the path model with the coefficients.  Table 5, is the breakdown of the direct, indirect, and total effects of each predictor (MND, enfeebling skill, and casting with a HQ staff) on duration and number of procs.  
	Table 5: Interpretations of effects in a model paralyze procs.

	Dependent Variable
	Intervening Variable
	Total Effect
	Indirect Effect Via Duration
	Direct Effect

	Duration
	MND
	0.245
	----
	0.245

	
	Enfeebling
	0.174
	----
	0.174

	
	HQ Staff
	0.219
	----
	0.219

	
	
	
	
	

	Procs
	MND
	0.364
	(0.245)( 0.567) = 0.139
	0.225

	
	Enfeebling
	0.236
	(0.174)( 0.567) = 0.099
	0.137

	
	HQ Staff
	0.158
	(0.219)(0.567) = 0.124
	0.034

	
	Duration
	0.567
	----
	0.567


The direct effects are simply the b* coefficients from the regression.  The indirect effects are calculated by multiplying the coefficients along a path (i.e. follow the arrow from MND to duration (.245), then from duration to number of procs (.567)).  The total effects are obtained by adding the direct and indirect effects.  There are no indirect effects on duration in this model.  MND, enfeebling skill, and casting with a HQ staff have both direct effects on the number of procs, and indirect effects, mediated by the duration of the cast.  e1 and e2, the disturbance terms, represent the effects of all unmeasured variables on duration and number of procs respectively.  Further discussion will be limited to the total effects on number of procs and the disturbance terms.  
The column of main interest is the Total Effects column.  In total (the independent effect of MND on procs added to the effect of MND on procs as mediated by duration), each standard deviation unit increase in MND will result in a 0.364 increase in number of procs, controlling for the other variables in the model.  The other variables are interpreted in the same manner.  
In total, duration has the greatest effect on number of procs, which is highly unfortunate for reasons mentioned earlier.  No surprise, MND is the next most powerful predictor, followed by enfeebling skill, and the least powerful predictor is casting with a HQ staff. 

Now for the disturbance terms (which represent the sum of any and all random and/or unknown factors).  A one standard deviation unit increase in the residuals (error/disturbance term) of the duration model will result 0.932 standard deviation unit increase in duration.  Lastly, a one standard deviation unit increase in the residuals of the procs model will result in a 0.722 standard deviation unit increase in the number of procs.  It should be noted that the disturbance terms are quite large, and this suggests we have excluded important variables from these models.  
Discussion
That MND has the greatest effect on number of procs really isn’t surprising.  However, what did surprise me (as it flies in the face of conventional wisdom) is that MND had the greatest effect on duration as well.  My conjecture at this point, is that a HQ staff will help mainly in terms of “tier” of partial resists (for example, a 25%, 50%, 75% or 100% resist – or whatever the tiers may be, if they actually exist).  To me, this data suggests that tier of resist is calculated first, and that the duration of the spell of is based on a formula that contains both a base duration (determined by the tier of the resist) plus extra duration determined mainly by mind (and likely a random bit of extra duration as well).  

Unfortunately, we still have a lot more to learn.  While we do a decent job of understanding the variance in number of procs (only 52.1%
 is unexplained by the data we have), 86.8% of the variance in the duration of paralyze is unaccounted for with the data we have.  I would like to see more tests done that record information on other factors as well.  A few castings each by a large number of RDMs of different levels and different races on mobs of different families and different levels to record factors such as:

1. All the data collected by Ezzelin and Fynlar (Duration, Procs, MND, Enfeebling Skill, and Staff – No staff, NQ, or HQ would be nice)

2. Moon phase

3. EXP gain upon mobs death (could be used to determine the mobs level if we also know number of PT members and if an EXP band was used)
4. Day of the Vana’diel week (I know this was included in Ezzelin and Fynlar’s data, but the 2 casts on darksday had very strange results, which could have been due to chance alone, therefore I excluded day)

5. Vana’diel time

6. MAB (just to see if it has an effect on potency – my guess is no, but it never hurts to test)
7. Element(s) to which the mob is weak
8. Magic accuracy bonuses
9. Merited elemental accuracy
10. Vana’diel weather in the zone (what element, and if its double)
11. Elemental seal (yes or no)
12. Caster level
13. The effects (the amount of MND or INT gained) of absorb-MND and absorb-INT (the INT one is just because some people are obsessed with the idea that INT is pure potency and MND is resistance – I want to shut them up^^)
14. The effects of burn and shock (for the same reason as the absorbs)
15. The casters INT (again same reason)
16. Direction faced when spell was cast (just to humor the people that think that this effects spell casting)
17. Caster race (from the NPC info thread a lot of people speculate that the starting nations are each associated with different crystals – an extension of that is members of that nations race are associated with different elements)
18. The ninjutsu enfeebles (yes or no, ichi or ni)

19. The bard threnodies (yes or no)

20. Sub-job

21. Anything else anyone can think to add to this laundry-list

If you are interested in testing these factors, please do a few casts (and record all the information I listed – any cast that is missing any of those factors cannot be included in the analysis) and email me (address at bottom of page) the results.  I’d be more than happy to do the analysis, but obviously it would be hard for me to test all these factors myself (I can’t really change my race, or effectively test my spells at a variety of levels).  
Mkihnt – 75 RDM – Valefor
Please direct any comments/concerns to mkihnt@gmail.com
Appendix A
z-test for the difference between sample correlations

H0: ΡStaff = ΡMND   



(Note: we attempt to disprove this)
H1: ΡStaff ≠ ΡMND



(Note: what we want to find)
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(Note: Fisher’s z-transformation)
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(Note: Fisher’s z-transformation)
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As our test statistic (z = 0.072) does not exceed the critical value of 1.96 (the cut off point for p≤0.05) we fail to reject the null hypothesis that the correlation between casting with a HQ staff and duration is equal to the correlation between MND and duration.  Therefore, we fail to disprove that there is no difference between the effects of a HQ staff and the effects of MND on the duration of paralyze in this data.
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� Statistical significance is an attempt to rule out chance alone as an explanation for the effects we observe.  The numbers p≤0.05, p≤0.01, and p≤0.001 simply refer to the chances of making a Type I error (rejecting the null hypothesis when it is actually true).  See � HYPERLINK "http://davidmlane.com/hyperstat/logic_hypothesis.html" ��http://davidmlane.com/hyperstat/logic_hypothesis.html� for more information.


� See � HYPERLINK "http://www2.chass.ncsu.edu/garson/pa765/path.htm" ��http://www2.chass.ncsu.edu/garson/pa765/path.htm� for more information on path analysis.  


� Since MND, enfeebling skill and casting with a HQ staff effect both duration and number of procs, we need to account for how the increase in duration due to these factors further increases the number of procs.  


� See � HYPERLINK "http://www2.chass.ncsu.edu/garson/PA765/regress.htm" ��http://www2.chass.ncsu.edu/garson/PA765/regress.htm� for more information on OLS regression.  


� Standardized effects are calculated by transforming the observations to z-scores which have a mean of 0 and a standard deviation of 1.  When standardized coefficients are used, the regression equation becomes zy′ = b*zx (the a term from the previous equation is calculated by � EMBED Equation.3  ���and since the means of both zx and zy are 0, the equation becomes� EMBED Equation.3  ���; which results in a = 0).  


� When we control for the effects of additional variables, we hold the effects of these other variables constant by setting them at the mean.  


� Two additional regressions were run on duration.  The first included only MND and enfeebling skill as predictors, the second included only casting with a HQ staff and enfeebling skill as predictors.  The BIC′s for the two models were compared, and there was weak support for the MND model, which suggests that MND may be a more important predictor of duration than casting with a HQ staff.  


� Source: Raftery, A.  1995.  Bayesian Model Selection in Social Research.  Sociological Methodology.  Pp. 111-163.  


� Therefore, any effect of casting with a HQ staff on the number of procs, are hypothesized to be due to the increase in duration achieved when casting with a HQ staff.  Another regression was run with number of procs as the dependent variable and excluding the effects of duration.  As HQ staff was significant in this model, this provides support for the hypothesis that a HQ staff increases number of procs through its effect on the duration of the cast.  


� A portion of that 52.1% is likely a random factor, that without the actually formula used in the game, will never be known to us.  It seems unlikely to me that approximately 50% of the variance in number of procs is based on nothing but a random factor, and likely there are other factors we have excluded (i.e. moon phase, mob level, etc.).  Then again, S-E could have done that just to annoy us.  


� 30+ decimal places were used in the calculations, however for simplicity’s sake, only 3 are reported.  Fisher’s z-transformation is used as correlations are not normally distributed, and this transformation transforms the correlations such that they are normally distributed.  See � HYPERLINK "http://davidmlane.com/hyperstat/B64556.html" ��http://davidmlane.com/hyperstat/B64556.html� for more information.  





[image: image6.wmf]x

b

y

a

*

-

=

[image: image7.wmf]0

*

0

b

a

-

=

[image: image8.wmf](

)

(

)

0.722

0.479

1

1

2

Pr

1

=

-

=

-

=

ocs

R

e

[image: image9.wmf](

)

(

)

0.932

0.132

1

1

2

1

=

-

=

-

=

Duration

R

e

[image: image10.wmf](

)

(

)

0.932

0.132

1

1

2

1

=

-

=

-

=

Duration

R

e

[image: image11.wmf](

)

(

)

0.722

0.479

1

1

2

Pr

1

=

-

=

-

=

ocs

R

e

_1212251783.unknown

_1212263624.unknown

_1212263856.unknown

_1212258931.unknown

_1212258932.unknown

_1212252120.unknown

_1212251610.unknown

