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1  Installing and running the program 
� 
� 
Th �program�can�b �found�at� 
http://www.hsph.harvard. du/faculty/spi g lman/optitxs.html.�Sav �th �program�fil �to� 
your�comput r�by�right:clicking�on�“R�program”�and�th n�s l cting�“sav �targ t�as”�on� 
th �m nu�that�app ars.� 
� 
Onc �insid �R�(s  �s ction�1.1�“Installing�R”�if�you�n  d�to�install�R),�load�th �program� 
and�it�is�functions�by�typing:�� 
� 
source “optitxs.r”) 
� 
You�may�n  d�to�includ �th �path.�In�Windows,�you�n  d�to�us �doubl �backslash�(\\)�or� 
a�slash�(/)�to�sp cify�th �fold rs,� .g.�� 
� 
source “c:\\My Documents\\longitudinal\\design\\optitxs.r”) 
� 
Th �program�is�now�r ady�for�running�and�it�can�b �run�in�two�diff r nt�ways:� 
� 

1. Int ractiv ly�using�a�us r�int rfac �that�qu ri s�th �us r�for�all�th �information� 
and�param t rs�n  d d.�Th �int ractiv �us �of�th �program�is�d scrib d�in�s ction� 
2.1.� 

� 
2. In�“batch”�mod ,�wh r �th �us r� nt rs�all�n  d d�param t rs�in�an�input�fil �and� 

th �r sults�ar �stor d�in�an�output�fil .�This�approach�is�us ful�wh n�on �wants�to� 
r p at�th �sam �calculation�using�diff r nt�valu s�of�th �param t rs.�Each�row�th � 
input�fil �r pr s nts�a�diff r nt�s t�of�param t rs,�and�th �calculations�ar � 
p rform d�for� v ry�row�in�th �fil .�Th �“batch”�us �of�th �program�is�d scrib d� 
in�s ction�2.2.���� 

� 
� 
� 
Th �program�optitxs�is�bas d�on�th �pap rs�Basagaña�and�Spi g lman�(2007),� 

Basagaña�and�Spi g lman�(2010),�Basagaña,��Liao�and�Sp ig lman�(2010).� 
� 
Th s �pap rs�ar �availabl �at� 
http://www.hsph.harvard.edu/faculty/spiegelman/optitxs.html.� 
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http://www.hsph.harvard.edu/faculty/spiegelman/optitxs.html.�
http://www.hsph.harvard.edu/faculty/spiegelman/optitxs.html.�Save�the�program�file�to�


	 	 	1 2  Installing R 
� 
Exampl �using�Windows�XP�Prof ssional,�Int rn t�Explor r�6,�downloading�v rsion� 
2.3.1�or�R�(th �most�r c nt�at�th �tim �this�docum nts�was�cr at d)� 
� 
1)�Go�to�www.r:proj ct.com� 
� 
� 

� 
� 
� 
2)�Click�on�th �“CRAN”�link�und r�“Download”.� 
� 

� 4� 



3)�S l ct�a�location�clos �to�you�from�th �list.� 
 .g.�I�s l ct d��http://cran.us.r:proj ct.org/�,�Pair�N tworks,�Pittsburgh,�PA,�USA.� 

� 
� 

� 
� 
� 
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4)�Und r�“Download�and�Install�R”,�s l ct�your�platform�( .g.�Windows).� 
� 
� 

� 
� 
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5)�Und r�“Subdir ctori s”,�click�on�“bas ”.�� 
� 

� 
� 
� 
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6)�Click�on�R:2.3.1:win32. x �� 
� 

� 
� 
7)�Click�on�“Run”� 
� 

� 

� 
� 
� 
� 
� 
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� 
8)�Click�on�“Run”� 
� 

� 
� 
9)�S l ct�th �languag �for�installation.� 
� 

� 
� 
10)�S l ct�th �fold r�wh r �you�want�to�install�it.� 
� 

� 
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� 
11)�S l ct�th �nam �for�th �Shortcut�in�th �Start�M nu.� 
� 

� 
� 

� 

� 10� 



12)�S l ct�oth r�installation�options.� 
� 

� 
� 
13)�Click�to�“Finish”� 
� 

� 
� 
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14)�R�is�install d.�Click�on�th �icon�program�to�start�it.�This�is�th �app aranc �of�th � 
program.� 
� 

� 
� 
� 
� 
� 
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2  Program use 
� 

2 1  Interactive use of the program 
� 
� 
Aft r�sourcing�th �program�(s  �pag �3),�th �program�can�b �invok d�by�typing� 
optitxs ).�Th �us r�will�th n�b �ask d�to�s l ct�on �of�th �fiv �following�modul s,� 
and�th n�th �program�will�qu ry�th �us r�on�th �n c ssary�param t rs.�� 
� 
> optitxs ) 

Do you want to: 

 1) Compute POWER for fixed sample size and number of repeated measures 
 2) Compute the required NUMBER OF PARTICIPANTS to achieve a pre-specified 

power for a fixed number of repeated measures 
 3) Compute the required NUMBER OF REPEATED MEASURES to achieve a 

pre-specified power for a fixed number of participants 
 4) Compute the MINIMUM DETECTABLE EFFECT that one can achieve with a 

specified power and for a fixed number of participants and repeated 
measures 

 5) Compute the OPTIMAL COMBINATION of number of subjects and number of 
repeated measures in terms of maximizing the power to detect a difference 
for a fixed budget or in terms of minimizing cost subject to fixed power 

Option: 

� 
� 
Th �n xt�s ction�d scrib s� v ry�qu ry�that�can�b � ncount r d�by�running�any�of�th �fiv � 
pr c ding�modul s.�For� ach�qu stion,�a�d fault�answ r�is�provid d�b tw  n�squar � 
brack ts�(s  � xampl s�in�s ction�2.1.2).�If�th �us r�pr ss s�<Ent r>�without� nt ring�any� 
valu ,�th n�th �d fault�valu �for�that�qu stion�is�us d.�Wh n�all�param t rs�hav �b  n� 
 nt r d�and�th �program�has�provid d�th �r qu st d�quantity,�th �us r�can�choos �to� 
continu �using�th �program�to�p rform�mor �calculations.�In�that�cas ,�th �d fault�valu s� 
for� ach�qu stion�will�b �th �valu s�that�th �us r� nt r d�in�th �pr vious�it ration�of�th � 
program.�If,�for� xampl ,�th �us r�wants�to�r p at�th �sam �calculation�but�just�changing� 
th �valu �of�ρ,�h �or�sh �can�pr ss�<Ent r>�in�all�th �qu stions�to�acc pt�th �pr vious� 
valu s�and�just�chang �th �r spons �to�th �qu stion�asking�th �valu �of�ρ.�For�th �cas � 
wh r �calculations�for�many�valu s�of�th �param t rs�ar �n  d d,�som �us rs�may�pr f r� 
to�us �th �program�in�“batch”�form,�which�is�d scrib d�in�s ction�2.2.� 
� 
� 

� 13� 



	 	 	 	 	 	 	 	

 	 	
 

         

             
        

 	 	 	 	 	

      

       

    	

       

� 
2 1 1 Details about the queries of the program 
� 
� 
Th �param t rs�that�th �us r�n  ds�to�provid �ar �compr h nsiv ly�discuss d�in�Basagaña� 
and�Spi g lman�(2007),�with�th �additional�param t rs�r quir d�for�th �cas �of�tim : 
varying� xposur �discuss d�in�Basagaña�&�Spi g lman�(2010)�and�Basagaña,�Liao�&� 
Spi g lman�(2010).�A�bri f r�discussion�of�th �qu ri s�of�th �program�with�a�d scription� 
is�giv n�b low:� 
� 
� 
• General questions: 

Const nt me n difference (CMD) or Line rly divergent difference (LDD)? 
� 
This�r f rs�to�th �assum d�r spons �profil s�of�th � xpos d�and�un xpos d�und r�th �alt rnativ �hypoth sis.�� 
CMD�assum s�that�th �diff r nc �b tw  n� xpos d�and�un xpos d�r mains�constant�ov r�tim �(r gardl ss� 
of�th �shap �of�th �r spons �ov r�tim �within� ach�group),�i. .�it�is�consid ring�r spons �profil s�that�ar � 
parall l.� 
LDD�assum s�that�th �diff r nc �b tw  n� xpos d�and�un xpos d�that�incr as s�lin arly�with�tim � 
(r gardl ss�of�th �shap �of�th �r spons �ov r�tim �within� ach�group).�Basically,�it�assum s�that�th r �is�an� 
 xposur �by�tim �int raction.� 
S  �figur �1�Basagaña�and�Spi g lman�(2007)�for�mor �d tails.� 
� 
Are you  ssuming the time between me surements (s) is fixed (1), or the 
tot l dur tion of follow-up (t u) is fixed (2)? 
� 
This�asks�how�th �study�duration�is�d t rmin d.�If� s �is�giv n,�th �fr qu ncy�of�m asur m nt�is�fix d�( .g.� 

pati nts�visit�th �clinic� v ry�y ar,� s = 1);�if�τ �is�giv n,�th �follow:up�p riod�is�fix d�( .g.�th �study�will� 

last� τ = 5 �y ars).�This�qu ry�is�only�ask d�wh n� r �is�not�fix d,�i. .�wh n�on �wants�to�find� r �or�th � 
optimal�combination� (N , r) .� 
� 
� 

• Questions about study design quantities: 
� 
Enter the tot l s mple size (N): 
� 
N �is�th �total�numb r�of�participants�in�th �study.� 
� 
Enter the number of post-b seline me sures (r): 
� 
It�r f rs�to�th �numb r�of�r p at d�m asur m nts�for� ach�subj ct,�exclud ng�th �bas lin �m asur .�In�a� 
study�with�r�=�6,� ach�subj ct�has�7�m asur m nts,�on �at�bas lin �and�6�additional�on s.� 
� 
Enter the desired power (0<Pi<1): 
� 
This�r f rs�to�th �pow r�that�on �aims�to�r ach�in�th �study.� 
� 
Enter the time between repe ted me sures (s): 
� 
It�r f rs�to�th �tim �duration�b tw  n�m asur m nts,�in�units�of�tim �us d�for�all�qu ri s�( .g.�months,� 
y ars).� 
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� 
Enter the time of follow-up (t u): 
� 
It�r f rs�to�th �total�l ngth�of�follow:up,�in�th �units�of�tim �us d�for�all�qu ri s�( .g.�months,�y ars).� 

• Questions about exposure and time distribution: 

Is the exposure time-inv ri nt (1) or time-v rying (2)? 

Th �first�option�r f rs�to�th �cas �wh r �th � xposur �do s�not�chang �ov r�for�any�participant,�whil �in�th � 
s cond�option�th � xposur �can�vary�ov r�tim �for�som �or�all�participants.� 

Do you  ssume th t the exposure prev lence is const nt over time (1), 
th t it ch nges line rly with time (2), or you w nt to enter the 
prev lence  t e ch time point(3) 

Wh n�th � xposur �is�tim :varying�and�th �us r�wants�to�comput �pow r,�numb r�of�participants�or� 
minimum�d t ctabl � ff ct,�th s �thr  �choic s�ar �allow d�to�d scrib �th � xposur �pr val nc �at� ach� 
tim �point.�Wh n�th � xposur �is�tim :invariant�or�th �us r�wants�to�comput �th �r quir d�numb r�of� 
r p at d�m asur s,�or�th �optimal�combination�of�participants�and�r p at d�m asur s,�only�a�constant� 
pr val nc �is�allow d.�� 
If�th �first�option�is�chos n,�th �pr val nc �is�assum d�to�b �th �sam �at� ach�tim �point.�In�th �s cond� 
option,�th �pr val nc �is�assum d�to�chang �lin arly�with�tim ,�and�th �us r�will�n  d�to� nt r�th � 
pr val nc �at�bas lin �and�at�th � nd�of�follow:up.�In�th �third�option,�th �us r�will�b �r quir d�to� nt r�th � 
 xposur �pr val nc �at�all�tim �points.� 

Enter the exposure prev lence (pe) (0<pe<1): 
� 
It�r f rs�to�th �pr val nc �of� xposur ,�wh n�th � xposur �is�tim :invariant.�If�th �pr val nc �is�10%,�typ � 
0.10� 
� 
Enter the exposure prev lence  t time j (0<pej <1): 

This�qu stion�is�ask d�for� v ry�tim �point�wh n�th �us r�chos �to� nt r�all�pr val nc s,�or�for�th �first�and� 
last�tim �point�if�th �pr val nc �was�assum d�to�chang �lin arly�with�tim .� 
� 
Enter the intr cl ss correl tion of exposure 
(min(rho.e)<rho.e<m x(rho.e)): 

Th �intraclass�corr lation�of� xposur �can�b �r gard d�as�a�m asur �of�within:subj ct�variation�of�th � 
 xposur �variabl .�Wh n�th � xposur �is�tim :invariant�th r �is�no�variation�within�a�subj ct,�and� ρ e = 1.� 

Th �low r�th �valu �of�th �intraclass�corr lation,�th �mor �th � xposur �variabl �chang s�within�subj cts.� 
Th �upp r�and�low r�bounds�that�this�param t r�can�tak �ar �provid d,�and�th y�ar �a�function�of�th � 
numb r�of�r p at d�m asur s�and�th � xposur �pr val nc .�Th �intraclass�corr lation�of� xposur �can�also� 
b �r gard d�as�m asur �of�balanc �in�th �numb r�of� xpos d�p riods�p r�subj ct,� .�Wh n� �is� E

i• E
i• 

balanc d�across�subj cts,�th n� v ryon �is� xpos d�for�th �sam �numb r�of�p riods,�for� xampl �as�in�a� 
crossov r�study,�and� ρ e 

�tak s�its�minimal�valu � −1/ r .�Conv rs ly,�wh n�th �r spons �is�tim :invariant,� 

p = p ∀  �and�th �imbalanc �is�maximal�sinc � �is� ith r�z ro�with�probability� (1 − p ) �or� r  1 �with� 
e  e Ei• e 

probability� pe
,�and� ρ e = 1.� 

� 
Enter the intr cl ss correl tion of exposure (rho.e<=1) (lower bound is 
not checked since it depends on r) 
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� 
It�r f rs�to�th �sam �quantity�than�th �pr vious�qu stion.�This�qu stion�is�ask d�wh n�th �us r�wants�to� 
calculat �th �r quir d�numb r�of�r p at d�m asur s�or�th �optimal�combination�of�participants�and�r p at d� 
m asur s.�In�this�cas ,�a�low r�bound�for�th �intraclass�corr lation�is�not�provid d�b caus �it�d p nds�on�th � 
numb r�of�r p at d�m asur s,�and�this�quantity�is�not�fix d.�It�is�not�r comm nd d�to� nt r�n gativ �valu s� 
or�valu s�that�ar �v ry�clos �to�z ro,�sinc �th �low r�bound�can�b � xc  d d�for�som �valu s�of�r.� 
� 
Enter the v ri nce of the time v ri ble  t b seline, V(t0) (enter 0 if 
 ll p rticip nts begin  t the s me time): 
� 
This�param t r�is�gr at r�than�z ro�wh n�not�all�subj cts� nt r�th �study�at�th �sam �tim .�For� xampl ,� 
wh n�th �tim �variabl �of�int r st�is�ag �and�subj cts� nt r�th �study�at�diff r nt�ag s,�th �us r�n  ds�to� 
provid �an� stimat �of�th �varianc �of�ag �at�th �start�of�follow:up.� 
� 
Enter the correl tion between the time v ri ble  t b seline  nd 
exposure, rho_{e,t0}: 
� 
This�qu stion�is�only�ask d�if�V(t0)>0.�If�th �tim �variabl �of�int r st�is�ag ,�this�param t r�r f rs�to�th � 
corr lation�b tw  n�ag �at� ntry�and� xposur .�If�th �two� xposur �groups�hav �a�diff r nt�m an�ag �at� 
 ntry,�this�param t r�will�b �diff r nt�than�z ro.� 
� 

• Questions about the effect: 
� 
Will you specify the  ltern tive hypothesis on the  bsolute (bet  
coefficient) sc le (1) or the rel tive (percent) sc le (2)? 
� 
“B ta�co ffici nts”�r f r�to�th �“b tas“�of�th �lin ar�mod l,�that�is,�th �param t rs�ar � nt r d�on�th � 
additiv �scal .�For� xampl ,�und r�CMD,�you�may�want�to�b �abl �to�d t ct�a�diff r nc �of�0.25�units� 
b tw  n� xpos d�and�un xpos d.�If�that’s�th �cas ,�choos �option�(1),�“co ffici nts”.�� 
Oth rwis ,�you�may� xpr ss�th � ff cts�in�th �p rc nt�scal ,�i. .�to�d t ct�a�10%�diff r nc �b tw  n� 
 xpos d�and�un xpos d,�choos �option�(2),�“p rc nt�chang s”.� 
� 
Do you w nt the output  s   coefficient (1) or  s   percent ch nge (2)? 
� 
This�is� quival nt�to�th �pr vious�qu stion,�wh n�you�r qu st�th �minimum�d t ctabl � ff ct�(i. .�wh n� 
long.effect )�is�invok d).�If�you�want�to�g t�th �answ r�on�th �additiv �scal �(co ffici nt�or�b ta),� 
choos �(1).�Oth rwis ,�if�you�want�th �answ r�as�a�p rc ntag ,�choos �(2).� 
� 
P rc nt�chang ,�CMD:� 
� 
Enter me n response  t b seline  mong unexposed (mu00): 
� 
Th �program�qu ri s�for�this�quantity�wh n�th �us r�us s�p rc nt�chang s�(option�2�abov ),�in�th �r f r nt� 
units�of�th �d p nd nt�variabl .� 
� 
Enter the percent difference between exposed  nd unexposed groups (p1) 
(e.g. enter .10 for   10% difference): 
� 

It�r f rs�to�th �p rc nt�diff r nc �b tw  n� xpos d�and�un xpos d�groups�( p ),�wh r � 1

E(Y | k = 1) − E(Y | k = 0)i i i i 
p = , i = 1,K,N �,�wh r � Y �is�th �outcom �of�int r st�for�th � 1 

E(Yi  | ki = 0) i 

m asur m nt�tak n�at�th �  th �tim � (   = 0, K, r) �for�th � ith (i = 1, K, N ) �participant�and� k = 0 �i 
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indicat s�th �participant�is�not� xpos d�and� k = 1�th �participant�is� xpos d.�Und r�CMD�this�ratio�is�th � i 

sam �for�all� .�� 
� 
P rc nt�chang ,�LDD,�fix d�s:� 
� 
Enter me n response  t b seline  mong unexposed (mu00): 
� 
Th �program�qu ri s�for�this�quantity�wh n�th �us r�us s�p rc nt�chang s,�in�th �r f r nt�units�of�th � 
d p nd nt�variabl .� 

Enter the percent ch nge from b seline to time=s  mong unexposed (p2) 
(e.g. enter 0.10 for   10% ch nge): 
� 
Wh n�th �fr qu ncy�of�m asur m nt,� s ,�is�fix d,�th �program�asks�for�th �p rc nt�chang �from�bas lin �to� 
s�tim �units�(i. .�p rc nt�chang �from�bas lin �to�first�post:bas lin �m asur m nt)�among�un xpos d.� 

( | k = 0) − E Y | k = 0)E Y (is i i0 i 
p2 = , i = 1, L, N (1 − pe ) ,�wh r � p �is�th �pr val nc �of� xposur .� e

E Y ( i0 | ki = 0) 
� 
Enter the percent b seline difference between exposed  nd unexposed 
groups (p1) (e.g. enter .10 for   10% difference): 
� 

This�is�only�qu ri d�for�LDD�if� p = 0 ,�i. .�if�th �un xpos d�ar �assum d�to� xp ri nc �no�chang �in� 2 

r spons �ov r�tim .�It�r f rs�to�th �p rc nt�diff r nc �b tw  n� xpos d�and�un xpos d�groups�( p )�at� 1

( | k = 1) − E Y | k = 0)E Y (i0 i i0 i 
bas lin �(or�at�th �m an�initial�tim ),�wh r � p = , i = 1, L, �,� 1 

E Y ( i0 | ki = 0) 
N 

wh r � Yi �is�th �outcom �of�int r st�for�th �m asur m nt�tak n�at�th �  th �tim � (   = 0, K, r) �for�th � 

ith (i = 1, K, N ) �participant�and� k = 0 �indicat s�th �un xpos d�group�and� k = 1�th � xpos d�group.� 

� 
Enter the percent difference between the ch nge from b seline to time=s 
in the exposed group  nd the unexposed group (p3) 
(e.g. enter 0.1 for   10% difference): 
� 
Wh n�th �fr qu ncy�of�m asur m nt,�s,�is�fix d,�th �program�asks�for�th �p rc nt�diff r nc �b tw  n�th � 
chang �from�bas lin �(or�from�th �m an�initial�tim )��to�tim �s�(th �first�r p at d�m asur m nt)�in�th � 

 xpos d�group�and�th �un xpos d�group�( p ),�wh r � 3

( −Yi | k = 1) − is −Y 0 | ki = 0) 
p3 = 

E Y is 0 i E Y ( i 
, i = 1, L, N .� 

( k = 0)E Y −Y |is i0 i 

Enter the percent ch nge from b seline to time=s  mong the exposed (p3) 
(e.g. enter 0.10 for   10% ch nge): 

� 

Wh n�th r �is�no� ff ct�of�tim �among�th �un xpos d,�i. . p = 0 ,�and�th �fr qu ncy�of�m asur m nt,� s ,� 2 

is�fix d,� p3 �is�d fin d�as�th �p rc nt�chang �from�bas lin �(or�from�th �m an�initial�tim )��to�tim �s�(th � 

E Y | k = 1 − E Y | k = 1( is ) ( i )i 0 i 
first�r p at d�m asur m nt)�in�th � xpos d�group,� p = , i = 1, L,Np �3 ( k = 1) e

E Y |i0 i 

� 
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P rc nt�chang ,�LDD,�fix d�τ�:� 
� 
Enter me n response  t b seline  mong unexposed (mu00): 
� 
Th �program�qu ri s�for�this�quantity�wh n�th �us r�us s�p rc nt�chang s,�in�th �r f r nt�units�of�th � 
d p nd nt�variabl .� 

Enter the percent ch nge from b seline to end of follow-up  mong 
unexposed (p2) (e.g. enter 0.10 for   10% ch nge): 
� 
Wh n�th �follow:up�p riod,�τ ,�is�fix d,�th �program�asks�for�th �p rc nt�chang �from�bas lin �to�th � nd� 
of�follow:up�among�un xpos d.� 

E Y ( iτ | ki = 0) − E Y ( i0 | ki = 0)
� p = , i = 1, L, N (1 − p ) .� 2 ( k = 0) e

E Y |i0 i 

� 
Enter the percent b seline difference between exposed  nd unexposed 
groups (p1) (e.g. enter .10 for   10% difference): 
� 

This�is�only�qu ri d�for�LDD�if� p = 0 .�It�r f rs�to�th �p rc nt�diff r nc �b tw  n� xpos d�and�un xpos d� 2 

groups�( p )�at�bas lin �(or�at�th �m an�initial�tim ),�wh r � 1

( | k = 1) − E Y | k = 0)E Y (i0 i i0 i 
p1 = , i = 1, L, N �,�wh r � Yi �is�th �outcom �of�int r st�for�th � 

E Y ( i0 | ki = 0) 
m asur m nt�tak n�at�th �  th �tim � (   = 0, K, r) �for�th � ith (i = 1, K,n ) �participant�and� k = 0 �k 

indicat s�th �un xpos d�group�and� k = 1�th � xpos d�group.� 
� 
Enter the percent difference between the ch nge from b seline to 
end of follow-up in the exposed group  nd the unexposed group (p3) 
(e.g. enter 0.10 for   10% difference): 

� 
Wh n�th �follow:up�p riod,�τ ,�is�fix d,�th �program�asks�for�th �p rc nt�diff r nc �b tw  n�th �chang � 
from�bas lin �(or�from�th �m an�initial�tim )��to�th � nd�of�follow:up�in�th � xpos d�group�and�th � 

E Y i −Y | k = 1 − E Y −Yi | k = 0( τ i0 i ) ( iτ 0 i )
un xpos d�group�( p ),�wh r � p = , i = 1, L,N .� 3 3 ( k = 0)E Y −Y |iτ i0 i 

� 
Enter the percent ch nge from b seline to end of follow-up  mong the 
exposed (p3) (e.g. enter 0.10 for   10% ch nge): 
� 

Wh n�th r �is�no� ff ct�of�tim �among�th �un xpos d,�i. . p = 0 ,�and�th �follow:up�p riod,�τ ,�is�fix d,� 2 

p �is�d fin d�as�th �p rc nt�chang �from�bas lin �(or�from�th �m an�initial�tim )��to�th � nd�of�follow:up� 3 

( iτ | k = ) − ( i0 | ki = 1)E Y i 1 E Y 
(or�to�th �m an�final�tim )�in�th � xpos d�group,� p = , i = 1, L,Np �3 ( i ) e

E Y 0 | ki = 1 
� 
� 
Which model  re you b sing your c lcul tions on: 
(1) Model without time. No sep r tion of between-  nd within-subject 

effects 
(2) Model without time. Within-subject contr st only 
(3) Model with time. No sep r tion of between-  nd within-subject 
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effects 
(4) Model with time. Within-subject contr st only 
Model: 

This�qu stion�is�ask d�wh n�th � xposur �is�tim :varying�and�on �will�b �t sting�a�main� ff ct�of� xposur � 
(CMD�hypoth sis).�Th �four�mod ls�ar �d scrib d�in�Basagaña,�Liao�and�Spi g lman�(2010)� 
and�th y�ar :� 
(1):� E (Y | X ) = E (Y | E ) = β  β E � 

i  i i  i  0 1 i  

W(2):� E (Y − Y | E ,E ) = β ( E − E ) � i,   1 i  i ,   1 i  1 i ,   1 i  

(3):� E (Yi  | Xi ) = E (Yi  | Ei  , ti  ) = β0  β1Ei   β2ti  � 

W W
E (Yi ,   1 −Yi,   | Ei ,   1, Ei  ) = β2  β1 ( Ei ,   1 − Ei  ) � (4):� 

� 
Which model  re you b sing your c lcul tions on: 
(1) Cumul tive exposure effect model. No sep r tion of between-  nd 

within-subject effects 
(2) Cumul tive exposure effect model. Within-subject contr st only 
(3) Acute exposure effect model. No sep r tion of between-  nd 

within-subject effects 
(4) Acute exposure effect model. Within-subject contr st only 
Model: 

This�qu stion�is�ask d�wh n�th � xposur �is�tim :varying�and�on �assum s�th �LDD�hypoth sis.�Th �four� 
mod ls�ar �d scrib d�in�Basagaña�and�Spi g lman�(2010)�and�th y�ar :� 

*(1)� E (Y | X ) = γ  γ t  γ E � 
i  i 0 t i  e* i  

W W(2)� E (Yi  − Yi,  −1 | Xi ) = γ t  γ e* Ei  
� 

(3)� E (Y | X ) = γ  γ t  γ E  γ ( E × t ) � i  i 0 t i  e i  te i  i  

W W W(4)� E (Yi ,   1 −Yi  | Xi ) = γ t  γ e (Ei,   1 − Ei  )  γ te 
( Ei,   1 − Ei  ) ti    Ei,   1 

 �
  

� 
� 
Absolut �diff r nc �(b ta�co ffici nt),�CMD:� 
� 
Enter the difference between groups (bet 2): 
� 
This�qu stion�is�ask d�wh n�th � xposur �is�tim :invariant�and�th �diff r nc �b tw  n� xpos d�and� 
un xpos d�is�assum d�to�b �constant�ov r�tim �(constant�m an�diff r nc ,�CMD),�b ta2�is�th �diff r nc � 

b tw  n�th � xpos d�and�un xpos d�in�units�of�th �r spons .�Mod l:� E (Y | X ) = β  β t  β k �i  i  0 1 i  2 i 

� 
Enter the v lue of the coefficient of interest in your model, i.e. the 
difference between exposed  nd unexposed periods (bet ): 

� 
This�qu stion�is�ask d�wh n�th � xposur �is�tim :varying�and�on �assum s�th �CMD�hypoth sis.�For�mod l� 
(1)�and�(3),�it�r f rs�to� β ,�and�for�mod ls�(2)�and�(4)�it�r f rs�to� W .� 

1
β e 

� 
� 
Absolut �diff r nc �(b ta�co ffici nt),�LDD:� 
� 
Enter the inter ction coefficient (g mm 3): 
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� 
This�qu stion�is�ask d�wh n�th � xposur �is�tim :invariant�and�it�is�assum d�that�th r �is�an� xposur �by� 
tim �int raction�(lin arly�div rg nt�diff r nc s,�LDD),�gamma3�is�th �valu �of�th �int raction�t rm,�that�is,� 
th �diff r nc �in�th �slop s�ov r�tim �b tw  n� xpos d�and�un xpos d,�in�units�of�r spons �divid d�by�units� 
of�tim .� 

Mod l:� E (Y | X ) = γ  γ t  γ k  γ (t × k ) �i  i  0 1 i  2 i 3 i  i 

� 
Enter the v lue of the coefficient of interest in your model, i.e. the 
difference in the r tes of ch nge of exposed  nd unexposed periods 
(g mm ) 
� 
This�qu stion�is�ask d�wh n�th � xposur �is�tim :varying�and�th �LDD�hypoth sis�is�assum d.�For�mod l� 

W 
(1),�it�r f rs�to� γ ;�for�mod l�(2),�it�r f rs�to� γ ;�for�mod l�(3),�it�r f rs�to� γ ;�and�for�mod l�(4)�it�r f rs� e* e te 

W 
to� γ .� te 

� 
� 

• Questions about the covariance: 
� 
Which cov ri nce m trix  re you  ssuming: compound symmetry (1), d mped 
exponenti l (2) or r ndom slopes (3)? 
� 
Choos �th �assum d�covarianc �structur �for�th �r siduals�of�th �r gr ssion.� 
� 
Compound�Symm try�(CS)� 
� 
Enter the v ri nce of the response given the cov ri tes (sigm 2): 
� 
sigma2�is�th �varianc �of�th �r spons �giv n�th �covariat s,�which�is�assum d�to�b �constant�ov r�tim .� 
This�param t r�is�not� qual�to�th �marginal,�cross:s ctional�varianc .�It�can�b �approximat d�by�th � 
varianc �of�th �r spons �among�th �un xpos d�at�bas lin ,�a�quantity�that�may�b �availabl �from�th � 
lit ratur �or�pilot�data,�or�if�ag �is�th �tim �variabl �of�int r st,�within�a�r asonably�narrow�ag �group.�If� 
only�a�marginal�r spons �varianc �is�availabl �ov r�a�rang �of�ag s�and� xposur �l v ls,�as�will�oft n�b �th � 
cas �in� pid miology,�th �inv stigator�can�approximat �th �r sidual�varianc �by�multiplying�it�by�th � 
quantity�� 1− R2 ,�wh r � R2 ��is�th �assum d�proportion�of�th �marginal�varianc �of�th �r spons �variabl �that� 

2
is� xplain d�by�th �mod l�to�b �fit�wh n�th �study�is�conduct d.�Typically,�in� pid miology,� R �rang s� 
from�0.10�to�0.30�or�so.� 
� 
Enter the correl tion between two me sures of the s me subject (rho): 
� 
rho�( ρ ∈[0,1) )�is�th �corr lation�b tw  n�two�m asur m nts�from�th �sam �subj ct.�It�is�also�call d�th � 

2 2 2 2 2 
r liability�co ffici nt,�or�intraclass�corr lation�co ffici nt,� ρ =σ (σ  σ ) ,�wh r � σ �and� σ �ar � b w b b w 

2 2 2 
th �b tw  n:�and�within:subj ct�r sidual�varianc ,�r sp ctiv ly,�and� σ  σ = σ .� w b 

� 
Damp d� xpon ntial�(DEX)� 

Enter the v ri nce of the response given the cov ri tes (sigm 2): 
� 
sigma2�is�th �varianc �of�th �r spons �giv n�th �covariat s,�which�is�assum d�to�b �constant�ov r�tim .� 
This�param t r�is�not� qual�to�th �marginal,�cross:s ctional�varianc .�It�can�b �approximat d�by�th � 
varianc �of�th �r spons �among�th �un xpos d�at�bas lin ,�a�quantity�that�may�b �availabl �from�th � 
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lit ratur �or�pilot�data,�or�if�ag �is�th �tim �variabl �of�int r st,�within�a�r asonably�narrow�ag �group.�If� 
only�a�marginal�r spons �varianc �is�availabl �ov r�a�rang �of�ag s�and� xposur �l v ls,�as�will�oft n�b �th � 
cas �in� pid miology,�th �inv stigator�can�approximat �th �r sidual�varianc �by�multiplying�it�by�th � 
quantity�� 1− R2 ,�wh r � R2 ��is�th �assum d�proportion�of�th �marginal�varianc �of�th �r spons �variabl �that� 

2
is� xplain d�by�th �mod l�to�b �fit�wh n�th �study�is�conduct d.�Typically,�in� pid miology,� R �rang s� 
from�0.10�to�0.30�or�so.� 
� 
Enter the correl tion between two me sures of the s me subject 
sep r ted by one unit (rho): 
� 
Wh n�damp d� xpon ntial�(DEX)�covarianc �structur �is�assum d,�rho�is�th �corr lation�b tw  n�two� 
m asur s�from�th �sam �subj ct�s parat d�by�on �unit�of�tim ,� ρ ∈[0,1) .� 
� 
Enter the d mping coefficient (thet ): 

Wh n�damp d� xpon ntial�(DEX)�covarianc �structur �is�assum d,�th �param t r�th ta�( θ ∈[0,1] )� 
controls�th �d gr  �of�att nuation�of�th �corr lations�ov r�tim .�This�covarianc �structur �r duc s�to�th � 
compound�symm try�wh n�θ�=�0,�and�AR(1)�covarianc �structur �wh n�θ�=�1.� 
� 
If�on �wants�to� xplor �th �r sulting�corr lation�matrix,�th �function�DEX.matrix r,s,rho,theta) 

can�b �us d.�This�function�has�to�b �invok d�from�R,�b for �or�aft r�invoking�any�of�th �long.pow r(),� 
long.N(),�long.r(),�long. ff ct()�or�long.opt(),�but�not�during�its� x cution,�i. .�it�cannot�b �us d�wh n�th � 
us r�int rfac �is�printing�th �qu ri s�d scrib d�in�this�s ction.� 
As�an� xampl ,�if�on �typ s�DEX.matrix 3,1,.8,.5),�th �following�r sult�is�obtain d:� 
� 

[,1] [,2] [,3] [,4] 
[1,] 1.000 0.800 0.729 0.679 
[2,] 0.800 1.000 0.800 0.729 
[3,] 0.729 0.800 1.000 0.800 
[4,] 0.679 0.729 0.800 1.000 

� 
Random�int rc pts�and�slop s�(RS) 

Enter (1) for st nd rd not tion (v ri nce of residu ls  nd r ndom 
effects) or (2) for "reli bility" not tion: 
� 

2 
Und r�RS,�th �program�allows�two�notations.�Th �standard�“mix d�mod l”�notation�us s� σ ,�th � within 

2 
within:subj ct�r sidual�varianc ; σ ,�th �varianc �of�th �random� ff ct�associat d�with�th �int rc pt,�or� 

b
0

2 
th �b tw  n:subj cts�varianc �at�bas lin �or�at�m an�initial�tim ; σ �th �varianc �of�th �random� ff ct� 

b
1

associat d�with�tim ,�and� σ ,�th �covarianc �b tw  n�random� ff cts.�Th �r liability�notation,�which�is� b b 0 1

mor �intuitiv �and�may�b �pr f rabl �wh n�pilot�data�is�unavailabl �to�provid � stimat s�of�th �covarianc � 
2 

param t rs,�us s� σ t ,�th �r sidual�varianc �at�bas lin �or�at�m an�initial�tim ; ρ ,�th �r liability�co ffici nt� 
0 t0 

at�bas lin �or�at�m an�initial�tim ;� ρ % �or� ρ % ,�th �slop �r liability�with� r% �r p at d�m asur s;�and� b
1
,s r , b

1
,τ ,r 

ρ ,�th �corr lation�b tw  n�random� ff cts.� b0b1 

RS,�standard�notation 

Enter the within-subject v ri nce (sigm _within^2): 
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2 
Th �within�subj ct�r sidual�varianc ,� σ ,�qu ri d�und r�RS�wh n�on �us s�th �standard�mix d�mod l� within 

notation.� 
� 
Enter the v ri nce of the intercept r ndom effect (sigm _{b0}^2): 

2 
Th �varianc �of�th �random� ff ct�associat d�with�th �int rc pt,� σ ,�qu ri d�und r�RS�wh n�th �standard� 

b
0

mix d�mod l�notation�is�us d.� 
� 
Enter the v ri nce of the r ndom effect  ssoci ted with time 
(sigm _{b1}^2): 

2 
Th �varianc �of�th �random� ff ct�associat d�with�tim ,� σ ,�qu ri d�und r�RS�wh n�th �standard�mix d� b1 

mod l�notation�is�us d.� 

Enter the cov ri nce of the r ndom effects (sigm _{b0,b1}): 

Th �covarianc �of�th �random� ff cts�of�th �int rc pt�and�tim ,� σ ,�qu ri d�und r�RS�wh n�th �standard� b b 0 1

mix d�mod l�notation�is�us d.� 

If�on �wants�to� xplor �th �r sulting�covarianc �and�corr lation�matrix,�th �function� 
RS.matrix r,s,sigma2w,sigma20,sigma21,sigma01)�can�b �us d.�This�function�has�to�b � 
invok d�from�R,�b for �or�aft r�invoking�any�of�th �long.pow r(),�long.N(),�long.r(),�long. ff ct()�or� 
long.opt(),�but�not�during�its� x cution,�i. .�it�cannot�b �us d�wh n�th �us r�int rfac �is�printing�th �qu ri s� 
d scrib d�in�this�s ction.� 
As�an� xampl ,�if�on �typ s�RS.matrix 4,1,.03,.27,0.01,-.005),�th �following�r sult�is� 
obtain d:� 

Covariance matrix: 
[,1] [,2] [,3] [,4] [,5] 

[1,] 0.300 0.265 0.260 0.255 0.250 
[2,] 0.265 0.300 0.275 0.280 0.285 
[3,] 0.260 0.275 0.320 0.305 0.320 
[4,] 0.255 0.280 0.305 0.360 0.355 
[5,] 0.250 0.285 0.320 0.355 0.420 

Correlation matrix: 
[,1] [,2] [,3] [,4] [,5] 

[1,] 1.0000000 0.8833333 0.8391464 0.7759403 0.7042952 
[2,] 0.8833333 1.0000000 0.8875587 0.8520129 0.8028965 
[3,] 0.8391464 0.8875587 1.0000000 0.8986149 0.8728716 
[4,] 0.7759403 0.8520129 0.8986149 1.0000000 0.9129615 
[5,] 0.7042952 0.8028965 0.8728716 0.9129615 1.0000000 

RS,�r liability�notation 

Enter the v ri nce of the response given the cov ri tes  t b seline 
(sigm 2): 
� 
Wh n�random�int rc pts�and�slop s�assum d�(RS)�is�assum d,�th �varianc �of�th �r spons �giv n�th � 
covariat s�chang s�with�tim .�That�is�why�th �program�asks�about�th �varianc �of�th �r spons �within� 
 xposur s�groups�at�bas lin �or�at�m an�initial�tim .�This�param t r�is�not� qual�to�th �marginal,�cross: 
s ctional�varianc .�It�can�b �approximat d�by�th �varianc �of�th �r spons �among�th �un xpos d�at� 
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bas lin ,�a�quantity�that�may�b �availabl �from�th �lit ratur �or�pilot�data,�or�if�ag �is�th �tim �variabl �of� 
int r st,�within�a�r asonably�narrow�ag �group.�If�only�a�marginal�r spons �varianc �is�availabl �ov r�a� 
rang �of�ag s�and� xposur �l v ls,�as�will�oft n�b �th �cas �in� pid miology,�th �inv stigator�can� 
approximat �th �r sidual�varianc �by�multiplying�it�by�th �quantity�� 1− R2 ,�wh r � R2 ��is�th �assum d� 
proportion�of�th �marginal�varianc �of�th �r spons �variabl �that�is� xplain d�by�th �mod l�to�b �fit�wh n� 

2
th �study�is�conduct d.�Typically,�in� pid miology,� R �rang s�from�0.10�to�0.30�or�so.� 
� 
Enter the reli bility coefficient  t b seline (rho_t0): 
� 

Wh n�random�int rc pts�and�slop s�(RS)�is�assum d,�rho_t0�( ρ ∈[0,1) )�is�th �r liability�co ffici nt�at� t0 

bas lin �(or�at�m an�initial�tim ),�i. .�th �p rc ntag �of�r sidual�varianc �at�bas lin �or�at�m an�initial�tim � 
that�is�du �to�b tw  n:subj ct�variation.� 

Enter the tri l v lue of the number of me surements  t which the 
slope reli bility will be provided (\tilde r>0 ): 

Wh n�th �numb r�of�r p at d�m asur s�is�not�fix d,�i. .�wh n� r �is�on �of�th �unknowns,� r% �is�th �trial� 
valu �for�th �r p at d�m asur m nts�that�was�us d�to�sp cify�th �slop �r liability� ρ % �or� ρ % �.�� b

1
,s r , b

1
,τ ,r 

� 
Enter the slope reli bility for (\tilde r) repe ted me surements 
(0<rho[b1,s,\tilde r]<1 or 0<rho[b1,t u,\tilde r]<1): 
�� 

Wh n�random�int rc pts�and�slop s�(RS)�is�assum d�and�th �r liability�notation�is�us d,� ρ % �or� b
1
,s r , 

ρ % �ar �th �slop �r liability�with� r% �r p at d�m asurm nts,�i. .�th �p rc ntag �of�th �varianc �of�th � b
1
,τ ,r 

slop s�for�tim �that�is�du �to�b tw  n:subj ct�variation.�This�param t r�b longs�to�th �int rval�[0,�1),�and� 
wh n�this�param t r�is�0,�th �r sulting�covarianc �matrix�r duc s�to�compound�symm try.� 
� 
Enter the correl tion between the r ndom effects of slope  nd intercept 
(-1<rho[b0,b1]<1): 
� 
Wh n�random�int rc pts�and�slop s�ar �assum d,�th �corr lation�b tw  n�th �random� ff cts�associat d� 

with�th �int rc pt�and�th �random� ff ct�associat d�with�th �slop s,� ρ ,��is�n  d d.�If�it�is�assum d�that� b b 0 1

participants�hav �a�rang �of�valu s�of�tim �( .g�ag )�at�th �start�of�th �study,�it�is�assum d�that�th �data�ar � 
c nt r d�at�th �m an�initial�tim .� 
� 
If�on �wants�to� xplor �th �r sulting�covarianc �and�corr lation�matrix,�th �function� 
RS.matrix.reliab r,s,sigma2,rho,rho.b1,rho01,r.tilde)�can�b �us d,�wh r �rho�is� 

ρ ,�rho.b1 is ρ % ,�and�rho01�is� ρ .�This�function�has�to�b �invok d�from�R,�b for �or�aft r� b ,s r , b b 

invoking�any�of�th �long.pow r(),�long.N(),�long.r(),�long. ff ct()�or�long.opt(),�but�not�during�its� 
 x cution,�i. .�it�cannot�b �us d�wh n�th �us r�int rfac �is�printing�th �qu ri s�d scrib d�in�this�s ction.� 
As�an� xampl ,�if�on �typ s�RS.matrix.reliab 4,1,.32,.8,0.5,-.2,5),�th �following�r sult� 
is�obtain d:� 

t0 1 0 1

Covariance matrix: 
[,1] [,2] [,3] [,4] [,5] 

[1,] 0.3200000 0.2498804 0.2437609 0.2376413 0.2315217 
[2,] 0.2498804 0.3114180 0.2449556 0.2424931 0.2400307 
[3,] 0.2437609 0.2449556 0.3101503 0.2473450 0.2485397 
[4,] 0.2376413 0.2424931 0.2473450 0.3161969 0.2570487 
[5,] 0.2315217 0.2400307 0.2485397 0.2570487 0.3295577 

Correlation matrix: 
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[,1] [,2] [,3] [,4] [,5] 
[1,] 1.0000000 0.7915628 0.7737540 0.7470818 0.7129367 
[2,] 0.7915628 1.0000000 0.7881872 0.7727675 0.7492543 
[3,] 0.7737540 0.7881872 1.0000000 0.7898384 0.7773990 
[4,] 0.7470818 0.7727675 0.7898384 1.0000000 0.7962894 
[5,] 0.7129367 0.7492543 0.7773990 0.7962894 1.0000000 

� 
� 
• Questions about costs: 
� 
Do you w nt to m ximize power subject to   given cost (1) or to 
minimize the tot l cost subject to   given power (2)? 

Us d�to�d t rmin �which�of�th �optimization�probl ms�to�solv :�maximiz �th �pow r�of�th �study�without� 
 xc  ding�a�c rtain�cost�or�minimiz �th �total�cost�of�th �study�subj ct�to�th �pow r�of�th �study�b ing� 
 qual�or�gr at r�than�a�giv n�pow r.� 

Do you w nt to m ximize power subject to   given cost (1) or to 
minimize the tot l cost subject to   given power (2)? 

� 
Ent r�(1)�to�find�th �optimal� (N , r) �that�maximiz s�th �pow r�of�th �study�without� xc  ding�a�c rtain� 

cost�or�budg t,�or�(2)�to�find�th �optimal� (N , r) �that�minimiz s�th �total�cost�of�th �study�subj ct�to�having� 

at�l ast�th �sp cifi d�pow r.� 
� 
Enter the  v il ble budget (C>0): 
� 
Th �total�budg t�of�th �study,�in�mon tary�units.� 
� 
Enter the cost of the first observ tion of e ch subject (c1>0): 
� 
Th � stimat d�cost�of�r cruiting�and�int rvi wing�th �subj ct�for�th �first�tim ,�in�mon tary�units.� 
� 
Enter the r tio of costs between the first me sure  nd the rest 
(k pp >=1) 

It�is�assum d�that�th �first�m asur m nt�will�b �mor � xp nsiv �than�th �r st,�sinc �th �first�m asur � 
includ s�th �cost�of�r cruiting�th �subj ct.�kappa�is�th �cost�of�th �first�m asur m nt�ov r�th �cost�of�th � 
s cond�(or�any�of�th �following)�m asur m nt.�Wh n�kappa�is�1,�all�obs rvations�hav �th �sam �cost.� 
�� 

� 
� 
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2 1 2  Examples of use 
� 

Example 1: power calculation  
� 
In�this� xampl ,�w �comput �th �pow r�of�a�study�with�133�subj cts�and�6�post:bas lin � 
r p at d�m asur s,�assuming�DEX�covarianc �structur ,�to�d t ct�a�10%�diff r nc �in� 
slop s.�It�follows�th � xampl �datas t�us d�in�Basagaña�and�Spi g lman�(2007).� 
� 

> optitxs ) 
Do you want to: 
 1) Compute POWER for fixed sample size and number of repeated measures 
 2) Compute the required NUMBER OF PARTICIPANTS to achieve a pre-specified 

power for a fixed number of repeated measures 
 3) Compute the required NUMBER OF REPEATED MEASURES to achieve a 

pre-specified power for a fixed number of participants 
 4) Compute the MINIMUM DETECTABLE EFFECT that one can achieve with a 

specified power and for a fixed number of participants and repeated 
measures 

 5) Compute the OPTIMAL COMBINATION of number of subjects and number of 
repeated measures in terms of maximizing the power to detect a difference 
for a fixed budget or in terms of minimizing cost subject to fixed power 

Option: 1 

* By just pressing <Enter> after each question, the default value, shown 
between square brackets, will be entered. 

* Press <Esc> to quit 

Enter the total sample size  N) [100]: 133 

Enter the number of post-baseline measures  r) [1]: 6 

Enter the time between repeated measures  s) [1]: 3 

Is the exposure time-invariant  1) or time-varying  2) [1]? 1 

Enter the exposure prevalence  pe)  0<=pe<=1) [0.5]: 0.79 

Enter the variance of the time variable at baseline, V t0) 
 enter 0 if all participants begin at the same time) [0]: 100 

Enter the correlation between the time variable at baseline and exposure, 
rho_{e,t0} 

 enter 0 if all participants begin at the same time) [0]: 0 

Constant mean difference  1) or Linearly divergent difference  2) [1]: 2 

Will you specify the alternative hypothesis on the absolute  beta coefficient) 
scale  1) or the relative  percent) scale  2) [1]? 2 

Enter mean response at baseline among unexposed  mu00) [10]: 3.5 

Enter the percent change from baseline to end of follow-up among unexposed  p2) 
 e.g. enter 0.10 for a 10% change) [0.1]: -.182 

Enter the percent difference between the change from baseline to 
end of follow-up in the exposed group and the unexposed group  p3) 
 e.g. enter 0.10 for a 10% difference) [0.1]: .1 
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Which covariance matrix are you assuming: compound symmetry  1), 
damped exponential  2) or random slopes  3) [1]? 2 

Enter the residual variance of the response given the assumed model 
covariates  sigma2) [1]: .3179 

Enter the correlation between two measures of the same subject separated 
by one unit  0<rho<1) [0.8]: .896 

Enter the damping coefficient  theta) [0.5]: .18 

Power = 0.1868039 

Do you want to continue using the program  y/n) [y]? n 

> 

Example 2: Sample size calculation (N) 
� 
This�is�an� xampl �of�a�sampl �siz �calculation�with�6�post:bas lin �m asur s,�to�provid � 
a�pow r�no�l ss�than�0.9�(90%)�to�d t ct�an�int raction�t rm�(a�diff r nc �b tw  n�th � 
slop s�of�th � xpos d�and�un xpos d)�of�15%.�RS�covarianc �structur �is�assum d.�It� 
follows�th � xampl �datas t�us d�in�Basagaña�and�Spi g lman�(2007).� 
� 

> optitxs ) 
Do you want to: 
 1) Compute POWER for fixed sample size and number of repeated measures 
 2) Compute the required NUMBER OF PARTICIPANTS to achieve a pre-specified 

power for a fixed number of repeated measures 
 3) Compute the required NUMBER OF REPEATED MEASURES to achieve a 

pre-specified power for a fixed number of participants 
 4) Compute the MINIMUM DETECTABLE EFFECT that one can achieve with a 

specified power and for a fixed number of participants and repeated 
measures 

 5) Compute the OPTIMAL COMBINATION of number of subjects and number of 
repeated measures in terms of maximizing the power to detect a difference 
for a fixed budget or in terms of minimizing cost subject to fixed power 

Option: 2 

* By just pressing <Enter> after each question, the default value, shown 
between square brackets, will be entered. 

* Press <Esc> to quit 

Enter the number of post-baseline measures  r) [1]: 6 

Enter the desired power  0<Pi<1) [0.8]: .9 

Enter the time between repeated measures  s) [1]: 3 

Is the exposure time-invariant  1) or time-varying  2) [1]? 1 

Enter the exposure prevalence  pe)  0<=pe<=1) [0.5]: .79 

Enter the variance of the time variable at baseline, V t0) 
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 enter 0 if all participants begin at the same time) [0]: 100 

Enter the correlation between the time variable at baseline and exposure, 
rho_{e,t0} [0]: 0 

Constant mean difference  1) or Linearly divergent difference  2) [1]: 2 

Will you specify the alternative hypothesis on the absolute  beta coefficient) 
scale  1) or the relative  percent) scale  2) [1]? 2 

Enter mean response at baseline among unexposed  mu00) [10]: 3.5 

Enter the percent change from baseline to end of follow-up among unexposed  p2) 
 e.g. enter 0.10 for a 10% change) [0.1]: -.182 

Enter the percent difference between the change from baseline to 
end of follow-up in the exposed group and the unexposed group  p3) 
 e.g. enter 0.10 for a 10% difference) [0.1]: .15 

Which covariance matrix are you assuming: compound symmetry  1), 
damped exponential  2) or random slopes  3) [1]? 3 

Enter  1) for standard notation  variance of residuals and random effects) 
or  2) for "reliability" notation [1]: 2 

Enter the variance of the response given the assumed model covariates 
at baseline  sigma2) [1]: .34 

Enter the reliability coefficient at baseline  0<rho_t0<1) [0.8]: .877 

Enter the slope reliability for 6 repeated measurements 
 0<rho_{b1,s,\tilde r}<1 or 0<rho_{b1,tau,\tilde r}<1) [0.1]: .36 

Enter the correlation between the random effects of slope 
and intercept  -1<rho[b0,b1]<1) [0]: -.32 

Sample size = 563 

Do you want to continue using the program  y/n) [y]? n 

> 

Example 3: Minimum detectable effect  
� 
In�this� xampl ,�w �find�th �minimum�d t ctabl � ff ct�(in�units�of�th �r spons )�of�a� 
study�with�133�subj cts�with�6�post:bas lin �m asur s,�that�assum s�th �diff r nc �is� 
constant�ov r�tim �and�th �covarianc �structur �is�CS.�It�follows�th � xampl �giv n�in� 
Basagaña�and�Spi g lman�(2007).� 
� 

> optitxs ) 
Do you want to: 
 1) Compute POWER for fixed sample size and number of repeated measures 
 2) Compute the required NUMBER OF PARTICIPANTS to achieve a pre-specified 

power for a fixed number of repeated measures 
 3) Compute the required NUMBER OF REPEATED MEASURES to achieve a 
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pre-specified power for a fixed number of participants 
 4) Compute the MINIMUM DETECTABLE EFFECT that one can achieve with a 

specified power and for a fixed number of participants and repeated 
measures 

 5) Compute the OPTIMAL COMBINATION of number of subjects and number of 
repeated measures in terms of maximizing the power to detect a difference 
for a fixed budget or in terms of minimizing cost subject to fixed power 

Option: 4 

* By just pressing <Enter> after each question, the default value, shown 
between square brackets, will be entered. 

* Press <Esc> to quit 

Enter the total sample size  N) [100]: 133 

Enter the number of post-baseline measures  r) [1]: 6 

Enter the desired power  0<Pi<1) [0.8]: .9 

Enter the time between repeated measures  s) [1]: 3 

Is the exposure time-invariant  1) or time-varying  2) [1]? 1 

Enter the exposure prevalence  pe)  0<=pe<=1) [0.5]: .79 

Enter the variance of the time variable at baseline, V t0) 
 enter 0 if all participants begin at the same time) [0]: 100 

Enter the correlation between the time variable at baseline and exposure, 
rho_{e,t0} [0]: 0 

Constant mean difference  1) or Linearly divergent difference  2) [1]: 1 

Do you want the output as a coefficient  1) or as a percent change  2) [1]? 1 

Which covariance matrix are you assuming: compound symmetry  1), 
damped exponential  2) or random slopes  3) [1]? 1 

Enter the residual variance of the response given the assumed model 
covariates  sigma2) [1]: .3214 

Enter the correlation between two measures of the same subject 
 0<rho<1) [0.8]: .857 

Minimum detectable beta1 = +/- 0.3664611 

Do you want to continue using the program  y/n) [y]? n 

> 

Example 4: Finding the minimum number of repeated measurements for a fixed 
number of participants  
� 
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H r ,�w �show�how�to�find�th �numb r�of�r p at d�m asur s�to�d t ct�a�10%�diff r nc � 
in�m ans�(CMD)�with�pow r�0.9�(90%)�and�CS�covarianc �structur ,��in�a�study�with�133� 
subj cts.�It�follows�th � xampl �giv n�in�Basagaña�and�Spi g lman�(2007).� 
�� 

> optitxs ) 
Do you want to: 
 1) Compute POWER for fixed sample size and number of repeated measures 
 2) Compute the required NUMBER OF PARTICIPANTS to achieve a pre-specified 

power for a fixed number of repeated measures 
 3) Compute the required NUMBER OF REPEATED MEASURES to achieve a 

pre-specified power for a fixed number of participants 
 4) Compute the MINIMUM DETECTABLE EFFECT that one can achieve with a 

specified power and for a fixed number of participants and repeated 
measures 

 5) Compute the OPTIMAL COMBINATION of number of subjects and number of 
repeated measures in terms of maximizing the power to detect a difference 
for a fixed budget or in terms of minimizing cost subject to fixed power 

Option: 3 

* By just pressing <Enter> after each question, the default value, shown 
between square brackets, will be entered. 

* Press <Esc> to quit 

Enter the total sample size  N) [100]: 133 

Enter the desired power  0<Pi<1) [0.8]: .9 

Are you assuming the time between measurements  s) is fixed  1), or 
the total duration of follow-up  tau) is fixed  2) [1]? 2 

Enter the time of follow-up  tau) [1]: 18 

Is the exposure time-invariant  1) or time-varying  2) [1]? 1 

Enter the exposure prevalence  pe)  0<pe<1) [0.5]: .79 

Enter the variance of the time variable at baseline, V t0) 
 enter 0 if all participants begin at the same time) [0]: 100 

Enter the correlation between the time variable at baseline and exposure, 
rho_{e,t0} [0]: 0 

Constant mean difference  1) or Linearly divergent difference  2) [1]: 1 

Will you specify the alternative hypothesis on the absolute  beta coefficient) 
scale  1) or the relative  percent) scale  2) [1]? 2 

Enter mean response at baseline among unexposed  mu00) [10]: 3.5 

Enter the percent difference between exposed and unexposed 
groups  p1)  e.g. enter .10 for a 10% difference) [0.1]: .1 

Which covariance matrix are you assuming: compound symmetry  1), 
damped exponential  2) or random slopes  3) [1]? 1 

Enter the residual variance of the response given the assumed model 
covariates  sigma2) [1]: .3214 

Enter the correlation between two measures of the same subject 
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 0<rho<1) [0.8]: .857 

The maximum power  as r->infinity) that can be obtained in your study is 
0.8795273 

You should take the largest number of measurements possible and use 
module long.power ) to calculate the power achieved 

Do you want to continue using the program  y/n) [y]? n 

> 

� 
� 

Example 5  Optimal combination of number of subjects and number of repeated 
measures to maximize power subject to a cost constraint  
� 
H r ,�w �show�how�to�find�th �optimal�combination�(N,�r)�that�maximiz s�pow r,�subj ct� 
to�th �cost�b ing�l ss�than�100,000�mon tary�units.�Th �cost�of�th �first�m asur �is�80� 
mon tary�units�and�th �ratio�of�costs�of�th �first�m asur m nt�v rsus�th �r st�is�20.�W � 
assum �RS�covarianc �structur �and�LDD,�and�want�to�d t ct�a�10%�diff r nc �in�th � 
slop s�of�th � xpos d�compar d�to�th �un xpos d.�It�follows�th � xampl �giv n�in� 
Basagaña�and�Spi g lman�(2007).� 
� 

> optitxs ) 
Do you want to: 
 1) Compute POWER for fixed sample size and number of repeated measures 
 2) Compute the required NUMBER OF PARTICIPANTS to achieve a pre-specified 

power for a fixed number of repeated measures 
 3) Compute the required NUMBER OF REPEATED MEASURES to achieve a 

pre-specified power for a fixed number of participants 
 4) Compute the MINIMUM DETECTABLE EFFECT that one can achieve with a 

specified power and for a fixed number of participants and repeated 
measures 

 5) Compute the OPTIMAL COMBINATION of number of subjects and number of 
repeated measures in terms of maximizing the power to detect a difference 
for a fixed budget or in terms of minimizing cost subject to fixed power 

Option: 5 

* By just pressing <Enter> after each question, the default value, shown 
between square brackets, will be entered. 

* Press <Esc> to quit 

Do you want to maximize power subject to a given cost  1) or to 
minimize the total cost subject to a given power  2)[1]? 1 

Are you assuming the time between measurements  s) is fixed  1), or 
the total duration of follow-up  tau) is fixed  2) [1]? 2 

Enter the time of follow-up  tau) [1]: 18 

Is the exposure time-invariant  1) or time-varying  2) [1]? 1 

Enter the exposure prevalence  pe)  0<=pe<=1) [0.5]: .79 

Enter the variance of the time variable at baseline, V t0) 
 enter 0 if all participants begin at the same time) [0]: 100 

� 30� 



           
    
 

           
 

            
           
 

          
 

              
          
 

           
              
          
 

         
          
 

            
         
 

            
      
 

         
 

            
                  
 

        
         
 

         
      
 

       
 

             
 

               
 

         
                
 

         
 

Enter the correlation between the time variable at baseline and exposure, 
rho_{e,t0} [0]: 0 

Constant mean difference  1) or Linearly divergent difference  2) [1]: 2 

Will you specify the alternative hypothesis on the absolute  beta coefficient) 
scale  1) or the relative  percent) scale  2) [1]? 2 

Enter mean response at baseline among unexposed  mu00) [10]: 3.5 

Enter the percent change from baseline to end of follow-up among unexposed  p2) 
 e.g. enter 0.10 for a 10% change) [0.1]: -.182 

Enter the percent difference between the change from baseline to 
end of follow-up in the exposed group and the unexposed group  p3) 
 e.g. enter 0.10 for a 10% difference) [0.1]: .1 

Which covariance matrix are you assuming: compound symmetry  1), 
damped exponential  2) or random slopes  3) [1]? 3 

Enter  1) for standard notation  variance of residuals and random effects) 
or  2) for "reliability" notation [1]: 2 

Enter the variance of the response given the assumed model covariates 
at baseline  sigma2) [1]: .34 

Enter the reliability coefficient at baseline  0<rho_t0<1) [0.8]: .877 

Enter the trial value of the number of measurements at which the 
slope reliability will be provided  \tilde r>0 ) [5]: 6 

Enter the slope reliability for 6 repeated measurements 
 0<rho_{b1,s,\tilde r}<1 or 0<rho_{b1,tau,\tilde r}<1) [0.1]: .364 

Enter the correlation between the random effects of slope 
and intercept  -1<rho[b0,b1]<1) [0]: -.32 

Enter the available budget  C>0) [1000]: 100000 

Enter the cost of the first observation of each subject  c1>0) [80]: 80 

Enter the ratio of costs between the first measure and the rest  kappa) [2]: 20 

Power optimization problem  max power for a given cost): 
Optimal r= 12 , Optimal N= 781 , Power= 0.83 ,Cost= 99968 

Slope reliability at r= 12 : 0.4818737 
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Do you want to continue using the program  y/n) [y]? n 
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Example 6  Optimal combination of number of subjects and number of repeated 
measures to minimize the total cost of the study subject to achieving a fixed power  
� 
H r �th �optimal�combination�(N,�r)�which�minimiz s�cost,�subj ct�to�th �pow r�of�th � 
study�b ing�at�l ast�80%,�th �cost�of�th �first�m asur �b ing�80�mon tary�units�and�th � 
ratio�of�costs�of�th �first�m asur m nt�v rsus�th �r st�b ing�20,�is�d t rmin d.�W �assum � 
RS�covarianc �structur �and�LDD,�and�want�to�d t ct�a�10%�diff r nc �in�th �int raction� 
t rm.�It�is�bas d�on�th �datas t�us d�in�Basagaña�and�Spi g lman�(2007).� 

> optitxs ) 
Do you want to: 
 1) Compute POWER for fixed sample size and number of repeated measures 
 2) Compute the required NUMBER OF PARTICIPANTS to achieve a pre-specified 

power for a fixed number of repeated measures 
 3) Compute the required NUMBER OF REPEATED MEASURES to achieve a 

pre-specified power for a fixed number of participants 
 4) Compute the MINIMUM DETECTABLE EFFECT that one can achieve with a 

specified power and for a fixed number of participants and repeated 
measures 

 5) Compute the OPTIMAL COMBINATION of number of subjects and number of 
repeated measures in terms of maximizing the power to detect a difference 
for a fixed budget or in terms of minimizing cost subject to fixed power 

Option: 5 

* By just pressing <Enter> after each question, the default value, shown 
between square brackets, will be entered. 

* Press <Esc> to quit 

Do you want to maximize power subject to a given cost  1) or to 
minimize the total cost subject to a given power  2)[1]? 2 

Enter the desired power  0<Pi<1) [0.8]: .8 
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Are you assuming the time between measurements  s) is fixed  1), or 
the total duration of follow-up  tau) is fixed  2) [1]? 2 

Enter the time of follow-up  tau) [1]: 18 

Is the exposure time-invariant  1) or time-varying  2) [1]? 1 

Enter the exposure prevalence  pe)  0<=pe<=1) [0.5]: .79 

Enter the variance of the time variable at baseline, V t0) 
 enter 0 if all participants begin at the same time) [0]: 100 

Enter the correlation between the time variable at baseline and exposure, 
rho_{e,t0} [0]: 0 

Constant mean difference  1) or Linearly divergent difference  2) [1]: 2 

Will you specify the alternative hypothesis on the absolute  beta coefficient) 
scale  1) or the relative  percent) scale  2) [1]? 2 

Enter mean response at baseline among unexposed  mu00) [10]: 3.5 

Enter the percent change from baseline to end of follow-up among unexposed  p2) 
 e.g. enter 0.10 for a 10% change) [0.1]: -.182 

Enter the percent difference between the change from baseline to 
end of follow-up in the exposed group and the unexposed group  p3) 
 e.g. enter 0.10 for a 10% difference) [0.1]: .1 

Which covariance matrix are you assuming: compound symmetry  1), 
damped exponential  2) or random slopes  3) [1]? 3 

Enter  1) for standard notation  variance of residuals and random effects) 
or  2) for "reliability" notation [1]: 2 

Enter the variance of the response given the assumed model covariates 
at baseline  sigma2) [1]: .34 

Enter the reliability coefficient at baseline  0<rho_t0<1) [0.8]: .877 

Enter the trial value of the number of measurements at which the 
slope reliability will be provided  \tilde r>0 ) [5]: 6 

Enter the slope reliability for 6 repeated measurements 
 0<rho_{b1,s,\tilde r}<1 or 0<rho_{b1,tau,\tilde r}<1) [0.1]: .364 

Enter the correlation between the random effects of slope 
and intercept  -1<rho[b0,b1]<1) [0]: -.32 

Enter the cost of the first observation of each subject  c1>0) [80]: 80 

Enter the ratio of costs between the first measure and the rest  kappa) [2]: 20 

Cost optimization problem  min cost for a given power): 
Optimal r= 12 , Optimal N= 732 , Power= 0.8 ,Cost= 93696 

Slope reliability at r= 12 : 0.4818737 
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Do you want to continue using the program  y/n) [y]? n 

� 

Example 7  Power calculation, time varying<exposure  

H r ,�w �comput �th �pow r�of�a�study�with�31�partiticipants�and�14�post:bas lin � 
m asur s,�assuming�CS�covarianc �structur �of�th �r spons ,�to�d t ct��a�10�L/min� 
d cr as �in�PEF�associat d�with�vaccuuming.�W �assum �CMD�and�a�mod l�without� 
tim �and�w �want�to� stimat �th �within:subj ct� ff ct�of� xposur ,�so�w �assum �th � 

Wmod l� E (Y −Y | E ,E ) = β ( E − E ) .�This� xampl �is�bas d�on�th �datas t�on� i ,   1 i  i,   1 i  e i,   1 i  

r spiratory�function�and�cl aning�tasks/product�us d�in�Basagaña,�Liao�and�Spi g lman� 
(2010).�� 
� 

> optitxs ) 
Do you want to: 
 1) Compute POWER for fixed sample size and number of repeated measures 
 2) Compute the required NUMBER OF PARTICIPANTS to achieve a pre-specified 

power for a fixed number of repeated measures 
 3) Compute the required NUMBER OF REPEATED MEASURES to achieve a 

pre-specified power for a fixed number of participants 
 4) Compute the MINIMUM DETECTABLE EFFECT that one can achieve with a 

specified power and for a fixed number of participants and repeated 
measures 

 5) Compute the OPTIMAL COMBINATION of number of subjects and number of 
repeated measures in terms of maximizing the power to detect a difference 
for a fixed budget or in terms of minimizing cost subject to fixed power 

Option: 1 

* By just pressing <Enter> after each question, the default value, shown 
between square brackets, will be entered. 
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* Press <Esc> to quit 

Enter the total sample size  N) [100]: 31 

Enter the number of post-baseline measures  r) [1]: 14 

Enter the time between repeated measures  s) [1]: 1 

Is the exposure time-invariant  1) or time-varying  2) [1]? 2 

Do you assume that the exposure prevalence is constant over time  1), 
that it changes linearly with time  2), or you want to enter the prevalence at 
each time point 3) [1]? 1 

Enter the mean exposure prevalence  0<pe<1) [0.5]: .37 

Enter the intraclass correlation of exposure  -0.066<rho.e<1) [0.5]: .13 

Constant mean difference  1) or Linearly divergent difference  2) [1]: 1 

Which model are you basing your calculations on: 
 1) Model without time. No separation of between- and within-subject effects 
 2) Model without time. Within-subject contrast only 
 3) Model with time. No separation of between- and within-subject effects 
 4) Model with time. Within-subject contrast only 
Model [1]: 2 

Will you specify the alternative hypothesis on the absolute  beta coefficient) 
scale  1) or the relative  percent) scale  2) [1]? 1 

Enter the value of the coefficient of interest in your model, i.e. the 
difference between exposed and unexposed periods  beta) [0.1]: 10 

Which covariance matrix are you assuming: compound symmetry  1), 
damped exponential  2) or random slopes  3) [1]? 1 

Enter the residual variance of the response given the assumed model 
covariates  sigma2) [1]: 4570 

Enter the correlation between two measures of the same subject 
 0<rho<1) [0.8]: .88 

Power = 0.9796308 

Do you want to continue using the program  y/n) [y]? n 

� 

Example 8  Sample size calculation, time varying<exposure  
� 
� 
H r ,�w �comput �th �r quir d�sampl �siz �for�a�study�with�31�partiticipants�and�14�post: 
bas lin �m asur s�to�d t ct�a�5�L/min�d cr as �in�PEF�associat d�with�th �us �of�air: 
fr sh n r�sprays�with�90%�pow r,�assuming�DEX�covarianc �structur �of�th �r spons ,� 
W �assum �LDD�and�a�cumulativ � xposur � ff ct,�and�w �want�to� stimat �th �within: 

W Wsubj ct� ff ct�of� xposur ,�so�w �assum �th �mod l� E (Yi  −Yi,  −1 | Xi ) = γ t  γ e Ei  .�This� 

� 37� 



 
  
     

              
             
               
             
               
              
                  
        
              
                  
                     

  
 
            

        
 
     

 
         

 
       

 
         

 
          

 
            

                
      
 

          
 

          
 

         
 

           
 

         
          

       
        
          

       
        

   
 

            
           
 

       
 

         
          

 xampl �is�bas d�on�th �datas t�on�r spiratory�function�and�cl aning�tasks/product�us d� 
in�Basagaña,�Liao�and�Spi g lman�(2010).� 
� 

> optitxs ) 
Do you want to: 
 1) Compute POWER for fixed sample size and number of repeated measures 
 2) Compute the required NUMBER OF PARTICIPANTS to achieve a pre-specified 

power for a fixed number of repeated measures 
 3) Compute the required NUMBER OF REPEATED MEASURES to achieve a 

pre-specified power for a fixed number of participants 
 4) Compute the MINIMUM DETECTABLE EFFECT that one can achieve with a 

specified power and for a fixed number of participants and repeated 
measures 

 5) Compute the OPTIMAL COMBINATION of number of subjects and number of 
repeated measures in terms of maximizing the power to detect a difference 
for a fixed budget or in terms of minimizing cost subject to fixed power 

Option: 2 

* By just pressing <Enter> after each question, the default value, shown 
between square brackets, will be entered. 

* Press <Esc> to quit 

Enter the number of post-baseline measures  r) [1]: 14 

Enter the desired power  0<Pi<1) [0.8]: .9 

Enter the time between repeated measures  s) [1]: 1 

Is the exposure time-invariant  1) or time-varying  2) [1]? 2 

Do you assume that the exposure prevalence is constant over time  1), 
that it changes linearly with time  2), or you want to enter the prevalence at 
each time point 3) [1]? 2 

Enter the exposure prevalence at time 0  0<pe0<1) [0.5]: .35 

Enter the exposure prevalence at time 14  0<pe14<1) [0.5]: .45 

Enter the intraclass correlation of exposure  -0.071<rho.e<0.808) [0.5]: .13 

Constant mean difference  1) or Linearly divergent difference  2) [1]: 2 

Which model are you basing your calculations on: 
 1) Cumulative exposure effect model. No separation of between- and 

within-subject effects 
 2) Cumulative exposure effect model. Within-subject contrast only 
 3) Acute exposure effect model. No separation of between- and 

within-subject effects 
 4) Acute exposure effect model. Within-subject contrast only 
Model [1]: 2 

Will you specify the alternative hypothesis on the absolute  beta coefficient) 
scale  1) or the relative  percent) scale  2) [1]? 1 

Enter the interaction coefficient  gamma3) [0.1]: 5 

Which covariance matrix are you assuming: compound symmetry  1), 
damped exponential  2) or random slopes  3) [1]? 2 
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Enter the residual variance of the response given the assumed model 
covariates  sigma2) [1]: 4570 

Enter the correlation between two measures of the same subject separated 
by one time unit  0<rho<1) [0.8]: .88 

Enter the damping coefficient  theta) [0.5]: .12 

Sample size = 28 

Do you want to continue using the program  y/n) [y]? n 

� 
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	 	 	 	 	 	 	 	 	 	 	 		2 1 3  Decide a plausible value for the intraclass correlation of exposure ρρρρe 

� 
If� ΣE �is�th �covarianc �matrix�of� xposur ,�w �d fin �th �intraclass�corr lation�of� 

 xposur �as�� 
� 

1 'Σ 1 − tr(Σ )
ρ = E E .� e 

r tr(ΣE ) 
S  �Basagaña,�Liao�and�Spi g lman�(2010)�for�mor �d tails.�� 
� 
Th �intraclass�corr lation�of� xposur �can�b �r gard d�as�a�m asur �of�within:subj ct� 
variation�of� xposur .�Wh n� ρ e �tak s�its�maximum,� ρ e = 1,�th r �is�no�within:subj ct� 

variation�of� xposur ,�that�is�participants�ar � ith r� xpos d�or�un xpos d�for�th �whol � 
p riod�(tim :invariant� xposur ).�Conv rs ly,�wh n�it�tak s�its�minimum,�−1/r,�th � 
within:subj ct�variation�of� xposur �is�maximal.� 
� 
Th �param t r� ρ e �has�oth r�us ful�int rpr tations.�Wh n�th � xposur �pr val nc �is� 

constant�ov r�tim �and�th � xposur �has�compound�symm try�covarianc ,�th �intraclass� 
corr lation�co ffici nt�is� qual�to�th �common�corr lation.�Th �intraclass�corr lation�of� 
 xposur �can�also�b �r gard d�as�a�m asur �of�imbalanc �in�th �numb r�of� xpos d� 

p riods�p r�subj ct,�Ei・.�Wh n�Ei・�is� qual�across�subj cts,�th n� v ryon �is� xpos d�for� 
th �sam �numb r�of�p riods�as,�for� xampl ,�in�uniform�crossov r�studi s.�Th n,� 
ρ e = −1/ r .�Conv rs ly,�wh n�th � xposur �is�tim �invariant,�th �imbalanc �is�maximal� 

sinc �Ei・is� ith r�z ro�with�probability�(1�−�pe)�or�r�+�1�with�probability�pe,�and�ρe�=�1.� 
� 
In�obs rvational�studi s,�int rm diat �valu s�b tw  n�ρe�=�−1/r�(sam �numb r�of� xpos d� 
p riods�for�all�participants)�and�ρe�=�1�(tim :invariant� xposur )�will�oft n�b �obs rv d,� 
and�wh n�pilot�data�ar �not�availabl ,�th �inv stigator�can�ass ss�th �s nsitivity�of�th � 
study�d sign�ov r�a�rang �of�plausibl �valu s�for�ρe.�To�h lp�th �inv stigator�ass ss�what� 
valu s�of�ρe�ar �appropriat �for�his�or�h r� xposur ,�our�program�can�comput �th � 

distribution�of�Ei・onc �r�and� pe �ar �fix d�and�a�CS�covarianc �of� xposur �is�assum d.� 

Th �inv stigator�is�mor �lik ly�to�know�if�th �distribution�of�th �numb r�of� xpos d� 
p riods�mak s�s ns �for�th ir�population�than�to�ass ss�dir ctly�valu s�of� ρ e .� 

� 
Th r �ar �two�functions�in�optitxs()�that�s rv �this�purpos :� 
decide.rhoe r,pe,rhoe)�and�decide.rhoe.int r,pe).� 
� 
In�th �first�on ,�th �us r� nt rs�th �valu �of�r,�th �numb r�of�post:bas lin �r p at d� 
m asur s,� pe ,�th �(av rag )�pr val nc �of� xposur ,�and�a�valu �of� ρ e ,�and�th �program� 

r turns�a�tabl �and�a�graph�of�th �corr sponding�distribution�of�th �numb r�of� xpos d� 
p riods.� 
� 
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� 
� 
� 
Th �s cond�function,�only�r quir s�a�valu �for�r�and�for�p .�Th n�th �us r�can�mov �a� 
slid �bar�to�chang �th �valu s�of� ρ e �and�graphically�s  �th � ff cts�it�produc s�on�th � 

distribution�of�th �numb r�of� xpos d�p riods.� 
� 
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2 2  Batch use of the program 
� 
� 

In�“batch”�mod ,�th �us r� nt rs�all�n  d d�param t rs�in�an�input�fil �and�th �r sults�ar � 
stor d�in�an�output�fil .�This�approach�is�us ful�wh n�on �wants�to�r p at�th �sam � 
calculation�using�diff r nt�valu s�of�th �param t rs.�Each�row�of�th �input�fil �r pr s nts� 
a�diff r nt�s t�of�param t rs,�and�th �calculations�ar �p rform d�for� v ry�row�in�th �fil .� 
Sinc �our�program�can�b �us d�to�comput �s v ral�quantiti s,�and�sinc �it�fits�s v ral� 
diff r nt�cas s�( .g.�CMD/LDD�hypoth sis,�tim :invariant�or�tim :varying� xposur )�and� 
it�allows�diff r nt�notations�( .g.�co ffici nts�vs.�p rc nt�chang s,�traditional�vs.� 
r liability�notation),�a�lot�of�diff r nt�cas s�r quiring�diff r nt�input�param t rs�aris .�In� 
th �n xt�s ction,�th �diff r nt�possibl �cas s�ar �r pr s nt d�using�flow�charts,�and�th y� 
point�to�th �function�that�n  ds�to�b �invok d�for� ach�particular�cas ,�and�what� 
param t rs�n  d�to�b � nt r d�in�th �input�fil .�How v r,�on �can�also�invok �th �function� 
long.function ),�which�will�ask�th �us r�to�answ r�som �qu stions�and�th n�it�will� 
provid �th �nam �of�th �function�to�us �and�what�param t rs�th �input�fil �must�contain.� 
N xt�s ction�provid s�an� xampl �of�us .� 
� 
� 
Th �output�fil �will�contain�th �following:� 
� 
• For�functions�r turning�th �pow r�of�th �study:�th �pow r�of�th �study,π .� 
• For�functions�r turning�th �sampl s�siz :�th �r quir d�sampl �siz ,�N.� 
• For�functions�r turning�th �minimum�d t ctabl � ff ct:�th �minimum�d t ctabl � ff ct,� 

 ith r�in�form�of�a�co ffici nt�or�in�p rc nt�form,�d p nding�on�what�th �us r�sp cifi d.� 
• For�functions�r turning�th �r quir d�numb r�of�r p at d�m asur m nts:�th �r quir d� 

numb r�of�r p at d�m asur m nts,�r.�In�addition,�th �following�cod s�can�b �obtain d:� 
o :999:�Th �r quir d�pow r�is�gr at r�than�limit�of�th �pow r�as�r�go s�to� 

infinity�for�this�particular�cas .� 
o :888:�Th �r quir d�pow r�cannot�b �r ach d�with�f w r�than�max.r�post: 

bas lin �m asur s.� 
• For�functions�r turning�th �optimal�combination�of�numb r�of�participants�and�numb r� 

of�r p at d�m asur m nts�subj ct�to�a�cost�or�a�pow r�constraint,� ach�row�contains� 
four�valu s:�N,�r,�pow r�(π ),�and�th �total�cost�of�th �study.� 

� 
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2 2 1  Description of all possible input parameters 
� 

Papers Name in R Description 

N� N Numb r�of�participants� 
r� r Numb r�of�post:bas lin �m asur m nts� 
� max.r Maximum�valu �of� r �that�will�b �consid r d�wh n�finding�th � 

r quir d�numb r�of�r p at d�m asur s�or�th �optimal� 
combination�of�participants�and�r p at d�m asur s� 

Π� Pi Pow r� 
� fixed 1�indicat s� s �is�fix d,�2�indicat s�τ �is�fix d� 
� s.or.tau if�fix d=1,� nt r�th �valu �of� s ,�if�fix d=2,� nt r�th �valu �of�τ � 

p � e
pe Pr val nc �of� xposur � 

p � e0 
pe0 Exposur �pr val nc �at�bas lin � 

p � er
per Exposur �pr val nc �at�th � nd�of�follow:up� 

ρ � e 
rho.e Intraclass�corr lation�of� xposur � 

V (t ) �0 
vt0 Varianc �of�tim �at� ntry� 

ρ �  ,t0 

rho.exp.t 
0 

Corr lation�b tw  n� xposur �and�tim �at� ntry� 

� model.cmd Mod ls�for�CMD�and�tim :varying� xposur :� 
1�=�Mod l�without�tim .�No�s paration�of�b tw  n:�and�within:� 
������subj ct� ff cts� 
2�=�Mod l�without�tim .�Within:subj ct�contrast�only� 
3�=�Mod l�with�tim .�No�s paration�of�b tw  n:�and�within:� 
������subj ct� ff cts� 
4�=�Mod l�with�tim .�Within:subj ct�contrast�only 

� model.ldd Mod ls�for�LDD�and�tim :varying� xposur :�� 
1�=�Cumulativ � xposur � ff ct�mod l.�No�s paration�of�� 
�������b tw  n:�and�within:subj ct� ff cts� 
2�=�Cumulativ � xposur � ff ct�mod l.�Within:subj ct�contrast�� 
������only� 
3�=�Acut � xposur � ff ct�mod l.�No�s paration�of�b tw  n:�and� 
������within:subj ct� ff cts� 
4�=�Acut � xposur � ff ct�mod l.�Within:subj ct�contrast�only� 

β , β ,� 2 1

W 
or� β � e 

beta Co ffici nt�of�int r st�und r�CMD� 

γ ,� γ ,� 3 e* 

Wγ ,� γ ,� e te 

W 
or� γ � te 

gamma Co ffici nt�of�int r st�und r�LDD� 

� �00 
mu00 Exp ct d�valu �of�th �r spons �at�bas lin �among�un xpos d� 

p �1
p1 P rc nt�diff r nc �b tw  n� xpos d�and�un xpos d�at�bas lin � 
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p �2
p2 P rc nt�chang �from�bas lin �to�tim �=� s �(if�fix d=1)�or�to�tim � 

=�τ �(if�fix d=2)� 
p �3 p3 P rc nt�diff r nc �b tw  n�th �chang �from�bas lin �to�tim �=� 

s �(if�fix d=1)�or�to�tim �=�τ �(if�fix d=2)�in�th � xpos d�and� 
un xpos d� 

σ 2 � sigma2 R sidual�varianc �of�th �r spons � 
2σ � 
0t 

sigma2 R sidual�varianc �of�th �r spons �at�bas lin �und r�RS� 

ρ � rho Intraclass�corr lation�of�th �r spons � 
θ � theta Damping�param t r�und r�DEX� 
ρ � t0 

rho Intraclass�corr lation�of�th �r spons �at�bas lin �und r�RS� 

ρ 
% , 1 ,b ,s r 

ρ � 
1 ,b τ ,r% 

rho.b1 Slop �r liability�und r�RS�� 

ρ �b 10 ,b 
rho01 Corr lation�b tw  n�int rc pt�and�slop �random� ff cts� 

r% � r.tilde Trial�valu �of� r �at�which�th �slop �r liability�will�b �provid d� 
2σ �within 

sigma2w Within:subj ct�varianc �of�th �r spons �und r�RS� 
2σ � 
0b 

sigma20 Varianc �of�th �random� ff ct�associat d�with�th �int rc pt� 

2σ � 
1b 

sigma21 Varianc �of�th �random� ff ct�associat d�with�tim � 

σ � 
0 1b b 

sigma01 Covarianc �b tw  n�int rc pt�and�slop �random� ff cts� 

α � alpha Typ �I� rror� 
C � budget Availabl �butg t�for�th �study� 
c �1 c1 Cost�of�th �first�obs rvation�of� ach�participant� 

κ � k Ratio�of��costs�b tw  n�th �first�m asur �and�th �r st� 
� 
� 
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2 2 2  Example of use: 

> long.function ) 

* By just pressing <Enter> after each question, the default value, shown 
between square brackets, will be entered. 

* Press <Esc> to quit 

Do you want to compute: 
 1) Power  Pi) 
 2) Number of participants  N) 
 3) Minimum detectable effect 
 4) Number of repeated measurements  r) 
 5) Optimal  N,r) to maximize power subject to a cost constraint 
 6) Optimal  N,r) to minimize cost subject to a power constraint 
Option [1]: 6 

Is the exposure time-invariant  1) or time-varying  2) [1]? 1 

Constant mean difference  1) or Linearly divergent difference  2) [1]: 2 

Will you specify the alternative hypothesis on the absolute  beta coefficient) 
scale  1) or the relative  percent) scale  2) [1]? 2 

Which covariance matrix are you assuming: compound symmetry  1), 
damped exponential  2) or random slopes  3) [1]? 3 

Enter  1) for standard notation  variance of residuals and random effects) 
or  2) for "reliability" notation [1]: 2 

Function: opt.cost.LDD.p.RS.reliab infile,outfile) 
The input file should contain the following columns: 
Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho rho.b1 rho01 
r.tilde c1 k max.r alpha 

Do you want to continue using the program  y/n) [y]? n 

� 
Now,�w �can�invok �th �function�opt.cost.LDD.p.RS.reliab,�and�do�th �calculations�for� 
s rv ral�valu s�of�th �param t rs:� 
� 

> opt.cost.LDD.p.RS.reliab "c:\\optitxs\\inExample.txt","c:\\optitxs\\ 
outExample.txt") 

� 
Th �input�fil �inExample.txt�contain d�th �following:�� 
� 
0.8 2 18 .79 100 0 3.5 .1 -.182 .1 .34 .877 .364 -.32 6 80 5 50 .05 
0.8 2 18 .79 100 0 3.5 .1 -.182 .1 .34 .877 .5 -.32 6 80 5 50 .05 
0.8 2 18 .79 100 0 3.5 .1 -.182 .1 .34 .877 .8 -.32 6 80 5 50 .05 
0.8 2 18 .79 100 0 3.5 .1 -.182 .1 .34 .877 .364 -.32 6 80 10 50 .05 
0.8 2 18 .79 100 0 3.5 .1 -.182 .1 .34 .877 .364 -.32 6 80 20 50 .05 

� 
This� xampl �is�inspir d�on� xampl �7�of�this�docum nt.�Th �first�thr  �rows�ar � 
id ntical,�th �only�diff r nc �b ing�th �valu �of�rho.b1.�Th �last�two�rows�try�diff r nt� 
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valu s�of�th �cost�ratio,�k.�The file should not contain the column names.�Each�row� 
indicat s�a�diff r nt�s t�of�param t rs,�so�on �should�not��pr ss�“ nt r”�until�all� 
param t rs�for�that�row�hav �b  n� nt r d.�Columns have to be space<separated �It�is� 
advisabl �to�pr ss�“ nt r”�aft r�th �last�lin �has�b  n� nt r d.� 
� 

� 
Th �output�fil �for�this� xampl �contains�th �following:� 
� 
� 
1259 1 0.8 120864 
1527 1 0.8 146592 
3411 1 0.8 327456 
1259 1 0.8 110792 
732 12 0.8 93696 

� 
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2 2 3  Cases and their corresponding functions and input parameters 
� 

2 2 3 1  Functions that return the power of the study 

Pow r� 

Tim :invariant� 
CMD� P rc nt�chang s� CS�(P1)�

 xposur � 
� 

DEX�(P2)� 

RS� Traditional�notation�(P3)� 

R liability�notation�(P4)� 

CS�(P5)�Co ffici nts� 
� 

DEX�(P6)� 

RS� Traditional�notation�(P7)� 

R liability�notation�(P8)� 

LDD� P rc nt�chang s� CS�(P9)� 
� 

DEX�(P10)� 

RS� Traditional�notation�(P11)� 

R liability�notation�(P12)� 

Co ffici nts� CS�(P13)� 
� 

DEX�(P14)� 

RS� Traditional�notation�(P15)� 

R liability�notation�(P16)� 
Tim :varying� 

CMD� P rc nt�chang s� CS�(P17)� xposur � 
� 

DEX�(P18)� 

RS� Traditional�notation�(P19)� 

R liability�notation�(P20)� 
CS�(P21)�Co ffici nts� 

� 
DEX�(P22)� 

RS� Traditional�notation�(P23)� 

R liability�notation�(P24)� 

LDD� P rc nt�chang s� CS�(P25)� 
� 

DEX�(P26)� 

RS� Traditional�notation�(P27)� 

R liability�notation�(P28)� 
CS�(P29)�Co ffici nts� 

� 
DEX�(P30)� 

RS� Traditional�notation�(P31)� 

R liability�notation�(P32)� 
� 
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P1. power.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho alpha 

P2. power.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho theta 
alpha 

P3. power.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 
� 
N r fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2w sigma20 
sigma21 sigma01 alpha� 

P4. power.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho rho.b1 
rho01 r.tilde alpha� 

P5. power.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho alpha 

P6. power.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho theta alpha 

P7. power.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2w sigma20 sigma21 
sigma01 alpha 

P8. power.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho rho.b1 rho01 
r.tilde alpha 
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P9. power.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
alpha 

P10. power.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
theta alpha 

P11. power.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2w 
sigma20 sigma21 sigma01 alpha 

P12. power.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
rho.b1 rho01 r.tilde alpha 

P13. power.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho alpha 

P14. power.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho theta 
alpha 

P15. power.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2w sigma20 
sigma21 sigma01 alpha 

P16. power.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho rho.b1 
rho01 r.tilde alpha 
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P17. power.tv.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.cmd mu00 p1 sigma2 rho 
alpha 

P18. power.tv.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.cmd mu00 p1 sigma2 rho 
theta alpha 

P19. power.tv.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.cmd mu00 p1 sigma2w 
sigma20 sigma21 sigma01 alpha 

P20. power.tv.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.cmd mu00 p1 sigma2 rho 
rho.b1 rho01 r.tilde alpha 

P21. power.tv.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.cmd beta sigma2 rho alpha 

P22. power.tv.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.cmd beta sigma2 rho theta 
alpha 

P23. power.tv.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.cmd beta sigma2w sigma20 
sigma21 sigma01 alpha 

P24. power.tv.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.cmd beta sigma2 rho rho.b1 
rho01 r.tilde alpha 
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P25. power.tv.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 p3 sigma2 
rho alpha 

P26. power.tv.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 p3 sigma2 
rho theta alpha 

P27. power.tv.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 p3 sigma2w 
sigma20 sigma21 sigma01 alpha 

P28. power.tv.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 p3 sigma2 
rho rho.b1 rho01 r.tilde alpha 

P29. power.tv.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.ldd gamma3 sigma2 rho 
alpha 

P30. power.tv.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.ldd gamma3 sigma2 rho 
theta alpha 

P31. power.tv.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.ldd gamma3 sigma2w sigma20 
sigma21 sigma01 alpha 
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P32. power.tv.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r fixed s.or.tau pe0 per rho.e model.ldd gamma3 sigma2 rho 
rho.b1 rho01 r.tilde alpha 

� 

� 53� 



	 	 	 	 	 	 	 	

 

2 2 3 2  Functions that return the required sample size 
� 

N� 

Tim :invariant� 
CMD� P rc nt�chang s� CS�(N1)�

 xposur � 
� 

DEX�(N2)� 

RS� Traditional�notation�(N3)� 

R liability�notation�(N4)� 

Co ffici nts� CS�(N5)� 
� 

DEX�(N6)� 

RS� Traditional�notation�(N7)� 

R liability�notation�(N8)� 

LDD� P rc nt�chang s� CS�(N9)� 
� 

DEX�(N10)� 

RS� Traditional�notation�(N11)� 

R liability�notation�(N12)� 

Co ffici nts� CS�(N13)� 
� 

DEX�(N14)� 

RS� Traditional�notation�(N15)� 

R liability�notation�(N16)� 
Tim :varying� 

CMD� P rc nt�chang s� CS�(N17)� xposur � 
� 

DEX�(N18)� 

RS� Traditional�notation�(N19)� 

R liability�notation�(N20)� 
Co ffici nts� CS�(N21)� 
� 

DEX�(N22)� 

RS� Traditional�notation�(N23)� 

R liability�notation�(N24)� 

LDD� P rc nt�chang s� CS�(N25)� 
� 

DEX�(N26)� 

RS� Traditional�notation�(N27)� 

R liability�notation�(N28)� 
Co ffici nts� CS�(N29)� 
� 

DEX�(N30)� 

RS� Traditional�notation�(N31)� 

R liability�notation�(N32)� 
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N1. N.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho alpha 

N2. N.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho theta 
alpha 

N3. N.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2w sigma20 
sigma21 sigma01 alpha 

N4. N.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho rho.b1 
rho01 r.tilde alpha 

N5. N.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho alpha 

N6. N.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho theta alpha 

N7. N.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2w sigma20 
sigma21 sigma01 alpha 

N8. N.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho rho.b1 
rho01 r.tilde alpha 
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N9. N.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
alpha 

N10. N.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
theta alpha 

N11. N.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2w 
sigma20 sigma21 sigma01 alpha 

N12. N.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
rho.b1 rho01 r.tilde alpha 

N13. N.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho alpha 

N14. N.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho theta 
alpha 

N15. N.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 
r Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2w sigma20 
sigma21 sigma01 alpha 

N16. N.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho rho.b1 
rho01 r.tilde alpha 
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N17. N.tv.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.cmd mu00 p1 sigma2 rho 
alpha 

N18. N.tv.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.cmd mu00 p1 sigma2 rho 
theta alpha 

N19. N.tv.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.cmd mu00 p1 sigma2w 
sigma20 sigma21 sigma01 alpha 

N20. N.tv.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.cmd mu00 p1 sigma2 rho 
rho.b1 rho01 r.tilde alpha 

N21. N.tv.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.cmd beta sigma2 rho alpha 

N22. N.tv.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.cmd beta sigma2 rho theta 
alpha 

N23. N.tv.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.cmd beta sigma2w sigma20 
sigma21 sigma01 alpha 

N24. N.tv.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.cmd beta sigma2 rho 
rho.b1 rho01 r.tilde alpha 
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N25. N.tv.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 p3 sigma2 
rho alpha 

N26. N.tv.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 p3 sigma2 
rho theta alpha 

N27. N.tv.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 p3 sigma2w 
sigma20 sigma21 sigma01 alpha 

N28. N.tv.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 p3 sigma2 
rho rho.b1 rho01 r.tilde alpha 

N29. N.tv.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.ldd gamma3 sigma2 rho 
alpha 

N30. N.tv.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.ldd gamma3 sigma2 rho 
theta alpha 

N31. N.tv.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

r Pi fixed s.or.tau pe0 per rho.e model.ldd gamma3 sigma2w 
sigma20 sigma21 sigma01 alpha 
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N32. N.tv.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 
� 
r Pi fixed s.or.tau pe0 per rho.e model.ldd gamma3 sigma2 rho 
rho.b1 rho01 r.tilde alpha 
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2 2 3 3  Functions that return the minimum detectable effect 

Eff ct� 

Tim :invariant� 
CMD� P rc nt�chang s� CS�(E1)�
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DEX�(E2)� 
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E1. effect.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 sigma2 rho alpha 

E2. effect.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 sigma2 rho theta 
alpha 

E3. effect.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 sigma2w sigma20 
sigma21 sigma01 alpha 

E4. effect.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 sigma2 rho rho.b1 
rho01 r.tilde alpha 

E5. effect.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 sigma2 rho alpha 

E6. effect.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 sigma2 rho theta alpha 

E7. effect.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 sigma2w sigma20 sigma21 
sigma01 alpha 

E8. effect.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 sigma2 rho rho.b1 rho01 
r.tilde alpha 
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E9. effect.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 sigma2 rho 
alpha 

E10. effect.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 sigma2 rho 
theta alpha 

E11. effect.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 sigma2w 
sigma20 sigma21 sigma01 alpha 

E12. effect.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 sigma2 rho 
rho.b1 rho01 r.tilde alpha 

E13. effect.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 sigma2 rho alpha 

E14. effect.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 sigma2 rho theta alpha 

E15. effect.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 sigma2w sigma20 sigma21 
sigma01 alpha 

E16. effect.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe vt0 rho.exp.t0 sigma2 rho rho.b1 rho01 
r.tilde alpha 
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E17. effect.tv.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.cmd mu00 sigma2 rho 
alpha 

E18. effect.tv.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.cmd mu00 sigma2 rho 
theta alpha 

E19. effect.tv.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.cmd mu00 sigma2w 
sigma20 sigma21 sigma01 alpha 

E20. effect.tv.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.cmd mu00 sigma2 rho 
rho.b1 rho01 r.tilde alpha 

E21. effect.tv.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.cmd sigma2 rho alpha 

E22. effect.tv.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.cmd sigma2 rho theta 
alpha 

E23. effect.tv.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.cmd sigma2w sigma20 
sigma21 sigma01 alpha 

E24. effect.tv.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.cmd sigma2 rho rho.b1 
rho01 r.tilde alpha 
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E25. effect.tv.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 sigma2 
rho alpha 

E26. effect.tv.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 sigma2 
rho theta alpha 

E27. effect.tv.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 sigma2w 
sigma20 sigma21 sigma01 alpha 

E28. effect.tv.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.ldd mu00 p1 p2 sigma2 
rho rho.b1 rho01 r.tilde alpha 

E29. effect.tv.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.ldd sigma2 rho alpha 

E30. effect.tv.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.ldd sigma2 rho theta 
alpha 

E31. effect.tv.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.ldd sigma2w sigma20 
sigma21 sigma01 alpha 

E32. effect.tv.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N r Pi fixed s.or.tau pe0 per rho.e model.ldd sigma2 rho rho.b1 
rho01 r.tilde alpha 

� 64� 



	 	 	 	 	 	 	 	 	  2 2 3 4  Functions that return the required number of repeated measures 
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r1. r.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho alpha 

r2. r.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho theta 
alpha 

r3. r.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2w sigma20 
sigma21 sigma01 alpha 

r4. r.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho rho.b1 
rho01 r.tilde alpha 

r5. r.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho alpha 

r6. r.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho theta alpha 

r7. r.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2w sigma20 
sigma21 sigma01 alpha 

r8. r.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho rho.b1 
rho01 r.tilde alpha 
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r9. r.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
alpha 

r10. r.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
theta alpha 

r11. r.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2w 
sigma20 sigma21 sigma01 alpha 

r12. r.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
rho.b1 rho01 r.tilde alpha 

r13. r.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho alpha 

r14. r.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho theta 
alpha 

r15. r.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2w sigma20 
sigma21 sigma01 alpha 

r16. r.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho rho.b1 
rho01 r.tilde alpha 
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r17. r.tv.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2 rho alpha 

r18. r.tv.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2 rho theta 
alpha 

r19. r.tv.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2w sigma20 
sigma21 sigma01 alpha 

r20. r.tv.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2 rho rho.b1 
rho01 r.tilde alpha 

r21. r.tv.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.cmd beta sigma2 rho alpha 

r22. r.tv.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.cmd beta sigma2 rho theta 
alpha 

r23. r.tv.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.cmd beta sigma2w sigma20 
sigma21 sigma01 alpha 

r24. r.tv.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.cmd beta sigma2 rho rho.b1 
rho01 r.tilde alpha 
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r25. r.tv.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2 rho 
alpha 

r26. r.tv.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2 rho 
theta alpha 

r27. r.tv.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2w 
sigma20 sigma21 sigma01 alpha 

r28. r.tv.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2 rho 
rho.b1 rho01 r.tilde alpha 

r29. r.tv.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.ldd gamma3 sigma2 rho alpha 

r30. r.tv.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.ldd gamma3 sigma2 rho theta 
alpha 

r31. r.tv.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.ldd gamma3 sigma2w sigma20 
sigma21 sigma01 alpha 

r32. r.tv.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

N Pi fixed s.or.tau pe rho.e model.ldd gamma3 sigma2 rho rho.b1 
rho01 r.tilde alpha 

� 
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	 	 	 	 	 	 	 	 	 	 	 	 	2 2 3 5  Functions that return the optimal combination (N, r) under a cost constraint 
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R liability�notation�(o28)� 
Co ffici nts� CS�(o29)� 
� 

DEX�(o30)� 

RS� Traditional�notation�(o31)� 

R liability�notation�(o32)� 
� 
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o1. opt.power.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho budget c1 k 
max.r alpha 

o2. opt.power.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho theta budget 
c1 k max.r alpha 

o3. opt.power.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2w sigma20 sigma21 
sigma01 budget c1 k max.r alpha 

o4. opt.power.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho rho.b1 rho01 
r.tilde budget c1 k max.r alpha 

o5. opt.power.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho budget c1 k 
max.r alpha 

o6. opt.power.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho theta budget c1 
k max.r alpha 

o7. opt.power.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2w sigma20 sigma21 
sigma01 budget c1 k max.r alpha 

o8. opt.power.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho rho.b1 rho01 
r.tilde budget c1 k max.r alpha 
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o9. opt.power.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho budget 
c1 k max.r alpha 

o10. opt.power.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho theta 
budget c1 k max.r alpha 

o11. opt.power.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2w sigma20 
sigma21 sigma01 budget c1 k max.r alpha 

o12. opt.power.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho rho.b1 
rho01 r.tilde budget c1 k max.r alpha 

o13. opt.power.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho budget c1 k 
max.r alpha 

o14. opt.power.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho theta budget 
c1 k max.r alpha 

o15. opt.power.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2w sigma20 sigma21 
sigma01 budget c1 k max.r alpha 

o16. opt.power.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho rho.b1 rho01 
r.tilde budget c1 k max.r alpha 
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o17. opt.power.tv.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2 rho budget c1 k 
max.r alpha 

o18. opt.power.tv.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2 rho theta budget 
c1 k max.r alpha 

o19. opt.power.tv.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2w sigma20 sigma21 
sigma01 budget c1 k max.r alpha 

o20. opt.power.tv.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2 rho rho.b1 rho01 
r.tilde budget c1 k max.r alpha 

o21. opt.power.tv.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.cmd beta sigma2 rho budget c1 k 
max.r alpha 

o22. opt.power.tv.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.cmd beta sigma2 rho theta budget c1 
k max.r alpha 

o23. opt.power.tv.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.cmd beta sigma2w sigma20 sigma21 
sigma01 budget c1 k max.r alpha 

o24. opt.power.tv.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.cmd beta sigma2 rho rho.b1 rho01 
r.tilde budget c1 k max.r alpha 

� 73� 



  
 

 
             

    
 

  
 

 
             

     
 

  
 

 
            

       
 

  
 

 
             

       
 

  
 

 
            

  
 

  
 

 
           

    
 

  
 

 
          

      
 

  
 

 
           

      

o25. opt.power.tv.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2 rho budget 
c1 k max.r alpha 

o26. opt.power.tv.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2 rho theta 
budget c1 k max.r alpha 

o27. opt.power.tv.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2w sigma20 
sigma21 sigma01 budget c1 k max.r alpha 

o28. opt.power.tv.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2 rho rho.b1 
rho01 r.tilde budget c1 k max.r alpha 

o29. opt.power.tv.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.ldd gamma3 sigma2 rho budget c1 k 
max.r alpha 

o30. opt.power.tv.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.ldd gamma3 sigma2 rho theta budget 
c1 k max.r alpha 

o31. opt.power.tv.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.ldd gamma3 sigma2w sigma20 sigma21 
sigma01 budget c1 k max.r alpha 

o32. opt.power.tv.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

fixed s.or.tau pe rho.e model.ldd gamma3 sigma2 rho rho.b1 rho01 
r.tilde budget c1 k max.r alpha 
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2 2 3 6  Functions that return the optimal combination (N, r) under a power 
constraint 

Optimal�(N,r)� 
Pow r�constraint� 

Tim :invariant� 
CMD� P rc nt�chang s� CS�(o33)� 

 xposur � 

DEX�(o34)� 

RS� Traditional�notation�(o35)� 

R liability�notation�(o36)� 

CS�(o37)� 

DEX�(o38)� 

RS� 

Co ffici nts� 

Traditional�notation�(o39)� 

R liability�notation�(o40)� 

LDD� P rc nt�chang s� CS�(o41)� 

DEX�(o42)� 

RS� Traditional�notation�(o43)� 

R liability�notation�(o44)� 

Co ffici nts� CS�(o45)� 

DEX�(o46)� 

RS� Traditional�notation�(o47)� 

R liability�notation�(o48)� 
Tim :varying� 

CMD� P rc nt�chang s� CS�(o49)� xposur � 

DEX�(o50)� 

RS� Traditional�notation�(o51)� 

R liability�notation�(o52)� 
CS�(o53)� 

DEX�(o54)� 

RS� 

Co ffici nts� 

Traditional�notation�(o55)� 

R liability�notation�(o56)� 

LDD� P rc nt�chang s� CS�(o57)� 

DEX�(o58)� 

RS� Traditional�notation�(o59)� 

R liability�notation�(o60)� 
CS�(o61)� 

DEX�(o62)� 

RS� 

Co ffici nts� 

Traditional�notation�(o63)� 

R liability�notation�(o64)� 
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o33. opt.cost.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho c1 k max.r 
alpha 

o34. opt.cost.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho theta c1 k 
max.r alpha 

o35. opt.cost.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2w sigma20 
sigma21 sigma01 c1 k max.r alpha 

o36. opt.cost.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 sigma2 rho rho.b1 
rho01 r.tilde c1 k max.r alpha 

o37. opt.cost.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho c1 k max.r 
alpha 

o38. opt.cost.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho theta c1 k 
max.r alpha 

o39. opt.cost.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2w sigma20 sigma21 
sigma01 c1 k max.r alpha 

o40. opt.cost.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 beta sigma2 rho rho.b1 rho01 
r.tilde c1 k max.r alpha 
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o41. opt.cost.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho c1 k 
max.r alpha 

o42. opt.cost.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
theta c1 k max.r alpha 

o43. opt.cost.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2w sigma20 
sigma21 sigma01 c1 k max.r alpha 

o44. opt.cost.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 mu00 p1 p2 p3 sigma2 rho 
rho.b1 rho01 r.tilde c1 k max.r alpha 

o45. opt.cost.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho c1 k max.r 
alpha 

o46. opt.cost.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho theta c1 k 
max.r alpha 

o47. opt.cost.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2w sigma20 
sigma21 sigma01 c1 k max.r alpha 
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o48. opt.cost.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe vt0 rho.exp.t0 gamma3 sigma2 rho rho.b1 
rho01 r.tilde c1 k max.r alpha 

o49. opt.cost.tv.CMD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2 rho c1 k 
max.r alpha 

o50. opt.cost.tv.CMD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2 rho theta c1 
k max.r alpha 

o51. opt.cost.tv.CMD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2w sigma20 
sigma21 sigma01 c1 k max.r alpha 

o52. opt.cost.tv.CMD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.cmd mu00 p1 sigma2 rho rho.b1 
rho01 r.tilde c1 k max.r alpha 

o53. opt.cost.tv.CMD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.cmd beta sigma2 rho c1 k max.r 
alpha 

o54. opt.cost.tv.CMD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.cmd beta sigma2 rho theta c1 k 
max.r alpha 

o55. opt.cost.tv.CMD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.cmd beta sigma2w sigma20 sigma21 
sigma01 c1 k max.r alpha 
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o56. opt.cost.tv.CMD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.cmd beta sigma2 rho rho.b1 rho01 
r.tilde c1 k max.r alpha 

o57. opt.cost.tv.LDD.p.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2 rho c1 
k max.r alpha 

o58. opt.cost.tv.LDD.p.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2 rho 
theta c1 k max.r alpha 

o59. opt.cost.tv.LDD.p.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2w 
sigma20 sigma21 sigma01 c1 k max.r alpha 

o60. opt.cost.tv.LDD.p.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.ldd mu00 p1 p2 p3 sigma2 rho 
rho.b1 rho01 r.tilde c1 k max.r alpha 

o61. opt.cost.tv.LDD.coef.CS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.ldd gamma3 sigma2 rho c1 k max.r 
alpha 

o62. opt.cost.tv.LDD.coef.DEX infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.ldd gamma3 sigma2 rho theta c1 k 
max.r alpha 
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o63. opt.cost.tv.LDD.coef.RS infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.ldd gamma3 sigma2w sigma20 
sigma21 sigma01 c1 k max.r alpha 

o64. opt.cost.tv.LDD.coef.RS.reliab infile,outfile) 

Th �input�fil �should�contain�th �following�columns:� 

Pi fixed s.or.tau pe rho.e model.ldd gamma3 sigma2 rho rho.b1 
rho01 r.tilde c1 k max.r alpha 

� 
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Changes from previous version 
� 
� 
• A�g n ral�m nu�has�b  n�introduc d.�Now�th �program�is�call d�as�optitxs ),� 

inst ad�of�having�fiv �diff r nt�calls,�on �for� ach�modul .� 

• Th �functions�decide.rhoe )�and�decide.rhoe.int )�hav �b  n� 

incorporat d�to�h lp�d cid �a�valu �for�ρ .� 

• Th �phrasing�of�th �qu stion�for�p1�und r�CMD�has�b  n�chang d.� 

• Corr ct d�a�bug�on�pow r�calculation�wh n�N=0.� 

• For�th �optimal�combination�part,�in�addition�to�th �plot,�now�th �program�shows�a� 

spr adsh  t�with�all�combinations�of�(N,r),�th ir�pow r,�and�th ir�costs.� 
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