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Introduction:	
  
	
  
Cardiovascular	
  disease	
  (CVD)	
  is	
  a	
  broad	
  term	
  used	
  to	
  describe	
  a	
  range	
  of	
  diseases	
  that	
  
involve	
  the	
  heart	
  or	
  blood	
  vessels,	
  including	
  aneurysms,	
  angina,	
  arthrosclerosis,	
  
congestive	
  heart	
  failure,	
  heart	
  attacks,	
  and	
  peripheral	
  vascular	
  disease.	
  	
  It	
  has	
  been	
  the	
  
leading	
  cause	
  of	
  death	
  in	
  the	
  United	
  States	
  for	
  the	
  past	
  80	
  years	
  and	
  remains	
  the	
  most	
  
common	
  cause	
  of	
  deaths	
  worldwide.	
  	
  It	
  also	
  results	
  in	
  substantial	
  health-­‐care	
  
expenditures.	
  	
  Many	
  forms	
  of	
  CVD	
  can	
  be	
  prevented	
  or	
  treated	
  with	
  healthy	
  lifestyle	
  
choices.	
  	
  Our	
  project	
  analyzes	
  the	
  many	
  risk	
  factors	
  associated	
  with	
  CVD	
  and	
  predicts	
  
the	
  risk	
  level	
  of	
  developing	
  CVD	
  in	
  10	
  different	
  patients.	
  
	
  
Procedure:	
  
	
  
In	
  order	
  to	
  come	
  up	
  with	
  a	
  method	
  for	
  accurately	
  quantifying	
  risk	
  for	
  cardiovascular	
  
disease,	
  we	
  began	
  by	
  collecting	
  expert	
  opinions.	
  	
  The	
  following	
  four	
  physicians	
  served	
  
as	
  our	
  experts:	
  Michael	
  Scheer,	
  M.D.,	
  Daniel	
  Liesen,	
  M.D.,	
  Amit	
  Parikh,	
  D.O.,	
  and	
  Jose	
  
Novoa,	
  M.D.	
  	
  Giving	
  each	
  a	
  list	
  of	
  modifiable	
  and	
  nonmodifiable	
  risks,	
  further	
  divided	
  
into	
  21	
  separate	
  factors,	
  we	
  asked	
  each	
  to	
  assess	
  the	
  severity	
  of	
  the	
  risk	
  by	
  assigning	
  a	
  
weight	
  to	
  each	
  category	
  (see	
  Appendix	
  A	
  for	
  information	
  about	
  the	
  21	
  factors).	
  	
  We	
  
specified	
  that	
  they	
  assume	
  each	
  particular	
  habit	
  would	
  put	
  the	
  patient	
  among	
  the	
  least	
  
healthy	
  5	
  percent	
  in	
  each	
  category.	
  	
  For	
  example,	
  for	
  sodium	
  intake,	
  the	
  experts	
  were	
  to	
  
assume	
  the	
  particular	
  patient	
  consumed	
  95%	
  more	
  sodium	
  than	
  all	
  other	
  patients.	
  	
  We	
  
gave	
  the	
  following	
  example	
  for	
  them	
  to	
  follow:	
  
a.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Modifiable	
  70%,	
  Nonmodifiable	
  30%	
  
b.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Then	
  under	
  Modifiable:	
  Smoking	
  19%,	
  Stress	
  5%,	
  Diabetes	
  10%,	
  Hypertension	
  
15%,	
  Physical	
  Inactivity	
  7%,	
  Obesity	
  24%,	
  Diet	
  6%,	
  Cholesterol	
  14%	
  
c.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Then	
  under	
  Obesity:	
  BMI	
  63%,	
  Waist	
  Circumference	
  37%	
  
After	
  collecting	
  all	
  of	
  our	
  numbers,	
  we	
  tabulated	
  them	
  and	
  created	
  Analytical	
  Hierarchy	
  
Process	
  (AHP),	
  Guiasu,	
  and	
  Yen	
  equations	
  to	
  calculate	
  risk	
  (see	
  Results	
  for	
  information	
  
about	
  the	
  scoring	
  process	
  for	
  the	
  various	
  factors).	
  	
  Taking	
  ten	
  patient	
  files	
  with	
  a	
  wide	
  
variety	
  of	
  scores	
  in	
  each	
  category,	
  we	
  were	
  able	
  to	
  apply	
  the	
  equations	
  and	
  determine	
  
who	
  faced	
  the	
  highest	
  risk	
  of	
  CVD.	
  
	
  
Results:	
  
	
  
The	
  AHP,	
  Guiasu,	
  and	
  Yen	
  methods	
  combined	
  all	
  four	
  of	
  our	
  expert	
  rankings,	
  and	
  
produced	
  an	
  equation	
  that	
  assigned	
  different	
  weights	
  to	
  each	
  of	
  our	
  21	
  factors.	
  	
  	
  
	
  
The	
  AHP	
  method:	
  In	
  this	
  method,	
  multiply	
  each	
  factor	
  by	
  the	
  average	
  of	
  the	
  expert	
  
opinions	
  for	
  that	
  particular	
  factor,	
  as	
  a	
  fraction	
  of	
  the	
  total	
  of	
  all	
  factor	
  averages.	
  	
  Then	
  
multiply	
  the	
  number	
  obtained	
  for	
  each	
  factor	
  by	
  the	
  factor	
  variables	
  in	
  the	
  equation	
  
(F1,	
  F2,...)	
  
	
  

Paper 1 Quest: A Journal of Undergraduate Student Research Page 2



	
  

Equation	
  with	
  the	
  two	
  main	
  factors:	
  
	
  
AHP	
  G+	
  equation	
  
	
  
G+	
  =	
  0.7000F1	
  +	
  0.3000F2	
  
	
  
Final	
  equation	
  with	
  all	
  factors:	
  
	
  
AHP	
  final	
  F+	
  equation	
  
	
  
AHPF+	
  =	
  0.1540	
  F1	
  +	
  0.0280	
  F2	
  +	
  0.0840	
  F3	
  +	
  0.1015	
  F4	
  +	
  0.0578	
  F5	
  +	
  0.0526	
  F6	
  
	
  
	
  	
   +	
  0.0401	
  F7	
  +	
  0.0480	
  F8	
  +	
  0.0047	
  F9	
  +	
  0.0102	
  F10	
  +	
  0.0384	
  F11	
  +	
  0.0485	
  F12	
  
	
  
	
  	
   +	
  0.0321	
  F13	
  +	
  0.1095	
  F14	
  +	
  0.0420	
  F15	
  +	
  0.0443	
  F16	
  +	
  0.0117	
  F17	
  +	
  0.0117F18	
  
	
  
	
  	
   +	
  0.0143	
  F19	
  +	
  0.0326	
  F20	
  +	
  0.0339	
  F21	
  
	
  
The	
  Guiasu	
  method:	
  In	
  this	
  method,	
  first	
  normalize	
  one	
  expert's	
  total	
  opinion	
  for	
  each	
  
factor.	
  	
  Then	
  average	
  the	
  sum	
  of	
  the	
  experts	
  for	
  each	
  factor.	
  	
  Then	
  multiply	
  the	
  result	
  by	
  
each	
  factor	
  variable	
  in	
  the	
  equation.	
  
	
  
Equation	
  with	
  the	
  two	
  main	
  factors:	
  
	
  
Guiasu	
  G+	
  equation	
  
	
  
G+	
  =	
  0.7000F1	
  +	
  0.3000F2	
  
	
  
Final	
  equation	
  with	
  all	
  factors:	
  
	
  
Guiasu	
  final	
  F+	
  equation:	
  
	
  
GuiasuF+	
  =	
  0.1540	
  F1	
  +	
  0.0280	
  F2	
  +	
  0.0840	
  F3	
  +	
  0.1015	
  F4	
  +	
  0.0578	
  F5	
  +	
  0.0526	
  F6	
  
	
  
	
  	
  	
  	
  	
   +	
  0.0401	
  F7	
  +	
  0.0480	
  F8	
  +	
  0.0047	
  F9	
  +	
  0.0102	
  F10	
  +	
  0.0384	
  F11	
  +	
  0.0485	
  F12	
  
	
  
	
  	
  	
  	
  	
   +	
  0.0321	
  F13	
  +	
  0.1095	
  F14	
  +	
  0.0420	
  F15	
  +	
  0.0443	
  F16	
  +	
  0.0117	
  F17	
  +	
  0.0117F18	
  
	
  
	
  	
  	
  	
  	
   +	
  0.0143	
  F19	
  +	
  0.0326	
  F20	
  +	
  0.0339	
  F21	
  
	
  
The	
  Yen	
  method:	
  In	
  this	
  method,	
  each	
  expert's	
  opinion	
  is	
  taken	
  as	
  a	
  fraction	
  of	
  the	
  
largest	
  element	
  for	
  that	
  particular	
  factor,	
  and	
  then	
  that	
  number	
  for	
  each	
  factor	
  is	
  
averaged	
  and	
  that	
  average	
  is	
  divided	
  by	
  the	
  total	
  of	
  all	
  averages	
  for	
  that	
  factor	
  and	
  then	
  

Paper 1 Quest: A Journal of Undergraduate Student Research Page 3



	
  

multiplied	
  by	
  the	
  factor	
  variables	
  in	
  the	
  equation.	
  
	
  
Equation	
  with	
  the	
  two	
  main	
  factors:	
  
	
  
Yen	
  G+	
  equation	
  
	
  
G+	
  =	
  0.6769F1	
  +	
  0.3231F2	
  
	
  
Final	
  equation	
  with	
  all	
  factors:	
  
	
  
Yen	
  final	
  F+	
  equation	
  
	
  
YenF+	
  =	
  0.1409	
  F1	
  +	
  0.0283	
  F2	
  +	
  0.0832	
  F3	
  +	
  0.0999	
  F4	
  +	
  0.0597	
  F5	
  +	
  0.0496	
  F6	
  
	
  
	
  	
   +	
  0.0382	
  F7	
  +	
  0.0477	
  F8	
  +	
  0.0052	
  F9	
  +	
  0.0131	
  F10	
  +	
  0.0348	
  F11	
  +	
  0.0448	
  F12	
  
	
  
	
  	
   +	
  0.0314	
  F13	
  +	
  0.1204	
  F14	
  +	
  0.0494	
  F15	
  +	
  0.0509	
  F16	
  +	
  0.0122	
  F17	
  +	
  0.0125F18	
  
	
  
	
  	
   +	
  0.0148	
  F19	
  +	
  0.0307	
  F20	
  +	
  0.0323	
  F21	
  
	
  
PREFERENCE	
  RELATIONS	
  
	
  
	
  	
  	
  	
  Mu	
  	
  	
  E1	
  	
  	
   	
  	
  	
  E2	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  E3	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  E4	
  	
  	
  RowAvg	
  
	
  
	
  	
  	
  	
  F1	
  	
  0.8000	
  	
  0.8000	
  	
  0.8000	
  	
  0.4000	
  	
  0.7000	
  
	
  
	
  	
  	
  	
  F2	
  	
  0.2000	
  	
  0.2000	
  	
  0.2000	
  	
  0.6000	
  	
  0.3000	
  
	
  
R1	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
0.5000	
  1.0000	
  
	
  
0.0000	
  0.5000	
  
	
  
R2	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
0.5000	
  1.0000	
  
	
  
0.0000	
  0.5000	
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R3	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
0.5000	
  1.0000	
  
	
  
0.0000	
  0.5000	
  
	
  
R4	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
0.5000	
  0.3000	
  
	
  
0.7000	
  0.5000	
  
	
  
************************	
  
	
  
A1	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
0.0000	
  1.0000	
  
	
  
0.0000	
  0.0000	
  
	
  
A2	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
0.0000	
  1.0000	
  
	
  
0.0000	
  0.0000	
  
	
  
A3	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
0.0000	
  1.0000	
  
	
  
0.0000	
  0.0000	
  
	
  
A4	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
0.0000	
  0.0000	
  
	
  
1.0000	
  0.0000	
  
	
  
**********************	
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Matrix	
  R	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
0.0000	
  0.7500	
  
	
  
0.2500	
  0.0000	
  
	
  
Matrix	
  G	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
	
  
0.0000	
  1.0000	
  
	
  
0.0000	
  0.0000	
  
	
  
gList:	
  The	
  mean	
  degree	
  to	
  which	
  g1	
  is	
  preferred	
  to	
  all	
  other	
  g2,	
  and	
  the	
  opposite	
  
	
  
g1	
  =	
  1.0000	
  
	
  
g2	
  =	
  0.0000	
  
	
  
gList:	
  The	
  degree	
  to	
  which	
  g1	
  is	
  preferred	
  to	
  g2;	
  The	
  degree	
  to	
  which	
  g2	
  is	
  preferred	
  to	
  
g1;	
  Q	
  denotes	
  "most"	
  
	
  
zQ(g1)	
  =	
  1.0000	
  
	
  
zQ(g2)	
  =	
  0.0000	
  
	
  
Matrix	
  I(S):	
  Indifference	
  relation;	
  x	
  and	
  y	
  are	
  indifferent	
  
	
  
0.0000	
  0.2500	
  
	
  
0.2500	
  0.0000	
  
	
  
Matrix	
  R(S):	
  Incompatibility	
  relation;	
  x	
  and	
  y	
  are	
  not	
  compatible	
  
	
  
1.0000	
  0.2500	
  
	
  
0.2500	
  1.0000	
  
	
  
Matrix	
  >(S):	
  Preference	
  relation;	
  x	
  is	
  preferred	
  to	
  y	
  
	
  
0.0000	
  0.7500	
  
	
  
0.2500	
  0.0000	
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Matrix	
  ~(S):	
  Non-­‐preference	
  relation;	
  cannot	
  discriminate	
  between	
  x	
  and	
  y	
  
	
  
1.0000	
  0.2500	
  
	
  
0.2500	
  1.0000	
  
	
  
Matrix:	
  V(1,	
  2):	
  Degree	
  of	
  agreement	
  between	
  experts	
  1	
  and	
  2	
  
	
  
1.0000	
  1.0000	
  
	
  
1.0000	
  1.0000	
  
	
  
Matrix:	
  V(1,	
  3):	
  Degree	
  of	
  agreement	
  between	
  experts	
  1	
  and	
  3	
  
	
  
1.0000	
  1.0000	
  
	
  
1.0000	
  1.0000	
  
	
  
Matrix:	
  V(1,	
  4):	
  Degree	
  of	
  agreement	
  between	
  experts	
  1	
  and	
  4	
  
	
  
1.0000	
  0.0000	
  
	
  
0.0000	
  1.0000	
  
	
  
Matrix:	
  V(2,	
  3):	
  Degree	
  of	
  agreement	
  between	
  experts	
  2	
  and	
  3	
  
	
  
1.0000	
  1.0000	
  
	
  
1.0000	
  1.0000	
  
	
  
Matrix:	
  V(2,	
  4):	
  Degree	
  of	
  agreement	
  between	
  experts	
  2	
  and	
  4	
  
	
  
1.0000	
  0.0000	
  
	
  
0.0000	
  1.0000	
  
	
  
Matrix:	
  V(3,	
  4):	
  Degree	
  of	
  agreement	
  between	
  experts	
  3	
  and	
  4	
  
	
  
1.0000	
  0.0000	
  
	
  
0.0000	
  1.0000	
  
	
  
	
  

Paper 1 Quest: A Journal of Undergraduate Student Research Page 7



	
  

Matrix	
  VB:	
  Degree	
  of	
  agreement	
  of	
  all	
  pairs	
  of	
  experts	
  
	
  
	
  1.0000	
  1.0000	
  0.0000	
  
	
  
	
  1.0000	
  0.0000	
  0.0000	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  
The	
  degree	
  of	
  agreement	
  of	
  all	
  pair	
  of	
  experts	
  is:	
  0.5000	
  
	
  
Based	
  on	
  these	
  equations,	
  we	
  found	
  rankings	
  for	
  the	
  10	
  patients.	
  
Patient	
  Number	
   AHP	
  Ranking	
   Guiasu	
  Ranking	
   Yen	
  Ranking	
  

1	
   7	
   7	
   7	
  

2	
   2	
   2	
   2	
  

3	
   10	
   10	
   10	
  

4	
   1	
   1	
   1	
  

5	
   9	
   9	
   8	
  

6	
   4	
   4	
   4	
  

7	
   6	
   6	
   6	
  

8	
   5	
   5	
   5	
  

9	
   3	
   3	
   3	
  

10	
   8	
   8	
   9	
  

Note:	
  Information	
  on	
  the	
  different	
  patients	
  can	
  be	
  found	
  in	
  Appendix	
  C.	
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We	
  further	
  analyzed	
  our	
  results	
  using	
  the	
  IBM	
  SPSS	
  Statistics	
  Program.	
  	
  This	
  program	
  
used	
  a	
  nonparametric	
  Chi-­‐squared	
  test	
  to	
  determine	
  if	
  we	
  could	
  retain	
  our	
  hypothesis:	
  
that	
  all	
  of	
  the	
  R	
  values	
  are	
  the	
  same	
  number.	
  	
  The	
  results	
  show	
  that	
  there	
  are	
  no	
  
significant	
  differences	
  among	
  our	
  values;	
  thus,	
  the	
  null	
  hypothesis	
  cannot	
  be	
  rejected.	
  

	
  
Conclusion:	
  
We	
  found	
  these	
  mathematical	
  models	
  to	
  be	
  useful	
  and	
  effective	
  for	
  assessing	
  risk	
  of	
  
cardiovascular	
  disease	
  for	
  a	
  spectrum	
  of	
  patients.	
  	
  We	
  believe	
  these	
  methods	
  could	
  be	
  
successfully	
  used	
  in	
  future	
  studies.	
  	
  The	
  results	
  and	
  information	
  provided	
  through	
  this	
  
study	
  could	
  be	
  used	
  to	
  improve	
  assessments	
  for	
  which	
  patients	
  may	
  be	
  “at	
  risk”	
  for	
  a	
  
variety	
  of	
  medical	
  conditions	
  associated	
  with	
  CVD	
  and	
  to	
  create	
  focus	
  groups	
  for	
  those	
  
patients.	
  	
  In	
  addition,	
  the	
  different	
  weights	
  for	
  each	
  of	
  the	
  factors	
  can	
  be	
  used	
  to	
  
determine	
  which	
  factor	
  contributes	
  most	
  to	
  an	
  increased	
  risk	
  for	
  CVD.	
  	
  This	
  factor	
  can	
  
then	
  be	
  targeted	
  accordingly	
  by	
  physicians	
  and	
  other	
  health	
  care	
  workers.	
  	
  Thus,	
  these	
  
techniques	
  translate	
  well	
  for	
  application	
  to	
  real	
  world	
  settings.	
  	
  Similarly,	
  these	
  models	
  
could	
  help	
  to	
  assess	
  risks	
  of	
  other	
  health	
  concerns	
  as	
  well.	
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Appendix	
  A	
  
Risk	
  of	
  Cardiovascular	
  Disease	
  

Modifiable	
  
• Smoking	
  

o damages	
  the	
  endothelium	
  (the	
  lining	
  of	
  the	
  blood	
  vessels)	
  
o increases	
  fatty	
  deposits	
  in	
  the	
  arteries	
  
o increases	
  clotting	
  
o raises	
  low-­‐density	
  lipoprotein,	
  reduces	
  high-­‐density	
  lipoprotein	
  
o Nicotine	
  accelerates	
  the	
  heart	
  rate	
  and	
  raises	
  blood	
  pressure	
  

• Stress	
  
o causes	
  people	
  to	
  adopt	
  poor	
  habits	
  like	
  smoking	
  and	
  eating	
  badly,	
  

which	
  are	
  risk	
  factors	
  for	
  CVD	
  	
  
o Studies	
  show	
  that	
  acute	
  stress	
  triggers	
  reduced	
  blood	
  flow	
  to	
  the	
  heart	
  

• Diabetes	
  
o People	
  with	
  diabetes	
  are	
  2-­‐4	
  times	
  more	
  likely	
  to	
  develop	
  CVD	
  
o Uncontrolled	
  diabetes	
  causes	
  damage	
  to	
  your	
  body’s	
  blood	
  vessels	
  

making	
  them	
  more	
  prone	
  to	
  damage	
  from	
  atherosclerosis	
  and	
  
hypertension	
  

• Hypertension	
  
o stresses	
  your	
  body’s	
  blood	
  vessels,	
  causing	
  them	
  to	
  clog	
  or	
  weaken	
  
o leads	
  to	
  narrowing	
  of	
  the	
  blood	
  vessels	
  making	
  them	
  more	
  likely	
  to	
  

block	
  from	
  blood	
  clots	
  or	
  bits	
  of	
  fatty	
  material	
  breaking	
  off	
  from	
  the	
  
lining	
  of	
  the	
  blood	
  vessel	
  wall	
  

• Physical	
  Inactivity	
  
o Being	
  inactive	
  has	
  negative	
  effects	
  on	
  your	
  blood	
  pressure,	
  blood	
  lipid	
  

levels,	
  blood	
  glucose	
  levels,	
  blood	
  clotting	
  factors,	
  the	
  health	
  of	
  your	
  
blood	
  vessels	
  and	
  inflammation,	
  which	
  are	
  factors	
  of	
  CVD	
  

• Obesity	
  
o If	
  you	
  are	
  overweight	
  you	
  may	
  develop	
  hypertension,	
  diabetes	
  and	
  

atherosclerosis,	
  risk	
  factors	
  of	
  CVD	
  	
  
o BMI	
  

 the	
  relationship	
  between	
  your	
  height	
  and	
  your	
  weight	
  
 >25	
  is	
  overweight	
  

o Waist	
  circumference	
  
 fat,	
  especially	
  intra-­‐abdominal	
  fat,	
  has	
  significant	
  impact	
  on	
  our	
  

metabolism	
  
 This	
  fat	
  affects	
  your	
  blood	
  pressure,	
  your	
  blood	
  lipid	
  levels,	
  and	
  

interferes	
  with	
  your	
  ability	
  to	
  use	
  insulin	
  effectively	
  
 If	
  you	
  cannot	
  use	
  insulin	
  properly	
  you	
  may	
  develop	
  diabetes,	
  a	
  

risk	
  factor	
  of	
  CVD	
  
 Males	
  >	
  102cm	
  
 Females	
  >	
  88cm	
  

• Diet	
  
o Fats	
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 abnormal	
  blood	
  lipid	
  levels	
  have	
  a	
  strong	
  correlation	
  with	
  the	
  
risk	
  of	
  CVD	
  

 abnormal	
  blood	
  lipids	
  are	
  related	
  to	
  what	
  you	
  eat	
  
 diets	
  high	
  in	
  saturated	
  fats	
  and	
  trans	
  fats	
  leads	
  to	
  high	
  levels	
  of	
  

cholesterol	
  
o Alcohol	
  

 Too	
  much	
  can	
  damage	
  the	
  heart	
  
o Sodium	
  

 Dietary	
  salt	
  is	
  a	
  significant	
  factor	
  in	
  raising	
  blood	
  pressure	
  	
  
 >2500	
  mg/dL	
  

• Cholesterol	
  
o LDLs	
  

 High	
  levels	
  of	
  LDL	
  lead	
  to	
  atherosclerosis	
  	
  
 >130	
  mg/dL	
  

o HDLs	
  
 HDL	
  reduces	
  the	
  risk	
  of	
  CVD	
  as	
  it	
  carries	
  cholesterol	
  away	
  from	
  

the	
  blood	
  stream	
  
 <40	
  mg/dL	
  

o Triglycerides	
  
 most	
  common	
  type	
  of	
  fat	
  in	
  the	
  body	
  
 High	
  levels	
  of	
  triglyceride	
  combined	
  with	
  high	
  levels	
  of	
  LDL	
  

cholesterol	
  speed	
  up	
  atherosclerosis	
  increasing	
  the	
  risk	
  for	
  
heart	
  attack	
  and	
  stroke	
  	
  

 >150	
  	
  
Non-­Modifiable	
  

• Age	
  
o Plaque	
  build	
  up	
  happens	
  over	
  an	
  extended	
  period	
  of	
  time	
  

• Gender	
  
o Men	
  have	
  a	
  greater	
  risk	
  than	
  a	
  pre-­‐menopausal	
  woman	
  
o Estrogen	
  protects	
  you	
  from	
  CVD	
  

• Race	
  
o Asian	
  population	
  has	
  lowest	
  percentage	
  of	
  CVD	
  
o African	
  Americans	
  have	
  highest	
  percentage	
  of	
  CVD	
  

• Family	
  History	
  
o Your	
  family’s	
  history	
  of	
  CVD	
  indicates	
  your	
  risk	
  

	
  
*All	
  information	
  provided	
  by	
  the	
  World	
  Heart	
  Foundation	
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Appendix	
  B	
  
We	
  collected	
  patient	
  information	
  on	
  the	
  following	
  21	
  factors.	
  	
  Based	
  upon	
  the	
  results,	
  
the	
  patients	
  were	
  categorized	
  into	
  a	
  group	
  (the	
  left	
  column)	
  for	
  each	
  factor.	
  	
  The	
  point	
  
value	
  assigned	
  (the	
  right	
  column)	
  to	
  the	
  specific	
  group	
  is	
  the	
  value	
  that	
  will	
  be	
  
incorporated	
  into	
  the	
  determined	
  equations.	
  	
  We	
  came	
  up	
  with	
  each	
  of	
  the	
  categories	
  
and	
  their	
  respective	
  values	
  using	
  data	
  from	
  various	
  sources	
  (see	
  resources).	
  
 

F1: Smoking 
Never Smoked 0 
Used to Smoke .2 

0-1 Pack .4 
<1-2 Packs .6 
<2-3 Packs .8 
3+ Packs 1 

  
   

 
 
 
 

 
 

 
 
 

 
  

 
 

 

F2: Stress 
(Self-Reported Level of Stress) 

Very Low 0 
Low .25 

Moderate .5 
High .75 

Very High 1 

F4: Hypertension (Systolic Pressure) 
<120 0 

120-129 .25 
130-139 .5 
140-159 .75 
≥140 1 

F3: Diabetes 
No 0 
Yes 1 

F5: Physical Inactivity 
(Minutes of Exercise Per Week) 

>151 0 
101-150 .25 
51-100 .5 
1-50 .75 

0 1 

F6: Body Mass Index (kg/m2) 
<25 0 

25-29 .5 
>30 1 

F8: Fat (Saturated and Trans as a  
percentage of total calories) 
≤10% 0 

11-20% .33 
21-30% .66 
>30% 1 

F7: Waist Circumference (cm) 
Men Women  
<80 <70 0 

80-99 70-89 .33 
100-120 90-109 .66 

>120 >110 1 

F9: Alcohol (number of drinks per day) 
Men Women  
0-2 0-1 0 
3-6 2-4 .5 
>6 >5 1 

F10: Sodium (mg) 
0-2500 0 

2501-3000 .25 
3001-3500 .5 
3501-4000 .75 
>4000 1 

Paper 1 Quest: A Journal of Undergraduate Student Research Page 13



	
  

 
 
 

 
 
 
 
 
 
 

 
F13: Triglycerides (mg/dL) 
<150 0 

150-199 .33 
200-499 .66 
≥500 1 

 
 

F15: Gender 
Pre-Menopausal Female 0 
Post-Menopausal Female 1 

Male 1 
 

 
F17: Family History of Type-II Diabetes 

No 0 
Yes 1 

 
 

F19: Family History of Hypertension 
No 0 
Yes 1 

 
 

F21: Family History of Heart Attacks 
No 0 
Yes 1 

 
	
  
	
  

F11: HDL (mg/dL) 
>60 0 

50-59 .25 
45-49 .5 
35-44 .75 
<35 1 

F12: LDL (mg/dL) 
<100 0 

100-129 .25 
130-159 .5 
160-190 .75 
>190 1 

F14: Age (years) 
Under 40 0 

40-49 .25 
50-59 .5 
60-69 .75 
≥70 1 

F16: Race 
African 1 
Asian 1 

Any other race 0 

F18: Family History of High Cholesterol 
No 0 
Yes 1 

F20: Family History of Heart Disease 
No 0 
Yes 1 
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Appendix	
  C	
  
Patient	
  1	
   	
  
Gender:male	
   1	
  
Age:41	
   0.25	
  
Race:Caucasian	
   0	
  
Diabetes:no	
   0	
  
Smoking:2	
  packs/day	
   0.6	
  
Alcohol:6/day	
   0.5	
  
Stress	
  Level:high	
   0.75	
  
Physical	
  Inactivity:60	
  min/week	
   0.5	
  
Hypertension:119	
   0	
  
BMI:32	
   1	
  
Waist	
  Circumference:83	
  cm	
   0.33	
  
Fat	
  %:	
  7	
   0	
  
Sodium	
  Intake:2560	
   0.25	
  
HDL:62	
   0	
  
LDL:120	
   0.25	
  
Triglycerides:143	
   0	
  
Family	
  History:yes	
   1	
  
	
   	
  
Patient	
  2	
   	
  
Gender:female	
   0	
  
Age:79	
   1	
  
Race:African	
  American	
   1	
  
Diabetes:yes	
   1	
  
Smoking:2	
  packs/day	
   0.6	
  
Alcohol:no	
   0	
  
Stress	
  Level:low	
   0.25	
  
Physical	
  Inactivity:0	
  min/week	
   1	
  
Hypertension:120	
   0.25	
  
BMI:20	
   0	
  
Waist	
  Circumference:58cm	
   0	
  
Fat	
  %:7	
   0	
  
Sodium	
  Intake:2500	
   0.25	
  
HDL:55	
   0.25	
  
LDL:130	
   0.5	
  
Triglycerides:153	
   0.33	
  
Family	
  History:no	
   0	
  
	
   	
  
Patient	
  3	
   	
  
Gender:male	
   1	
  
Age:64	
   0.75	
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Race:	
  Hispanic	
   0	
  
Diabetes:no	
   0	
  
Smoking:no	
   0	
  
Alcohol:no	
   0	
  
Stress	
  Level:very	
  low	
   0	
  
Physical	
  Inactivity:140min/week	
   0.25	
  
Hypertension:115	
   0	
  
BMI:25	
   0.5	
  
Waist	
  Circumference:78	
   0	
  
Fat	
  %:8	
   0	
  
Sodium	
  Intake:2800	
   0.25	
  
HDL:61	
   0	
  
LDL:102	
   0.25	
  
Triglycerides:155	
   0.33	
  
Family	
  History:yes	
   1	
  
	
   	
  
Patient	
  4	
   	
  
Gender:female	
   0	
  
Age:42	
   0.25	
  
Race:African	
  American	
   1	
  
Diabetes:yes	
   1	
  
Smoking:3packs/day	
   0.8	
  
Alcohol:2/day	
   0.5	
  
Stress	
  Level:high	
   0.75	
  
Physical	
  Inactivity:0	
   1	
  
Hypertension:135	
   0.5	
  
BMI:31	
   1	
  
Waist	
  Circumference:93	
   0.66	
  
Fat	
  %:18	
   0.33	
  
Sodium	
  Intake:3560	
   0.75	
  
HDL:36	
   0.75	
  
LDL:191	
   1	
  
Triglycerides:204	
   0.66	
  
Family	
  History:no	
   0	
  
	
   	
  
Patient	
  5	
   	
  
Gender:male	
   1	
  
Age:18	
   0	
  
Race:Asian	
   1	
  
Diabetes:no	
   0	
  
Smoking:no	
   0	
  
Alcohol:7/day	
   1	
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Stress	
  Level:moderate	
   0.5	
  
Physical	
  Inactivity:112min/week	
   0.25	
  
Hypertension:120	
   0.25	
  
BMI:28	
   0.5	
  
Waist	
  Circumference:78	
   0	
  
Fat	
  %:15	
   0.33	
  
Sodium	
  Intake:3900	
   0.75	
  
HDL:46	
   0.5	
  
LDL:103	
   0.25	
  
Triglycerides:148	
   0	
  
Family	
  History:yes	
   1	
  
	
   	
  
Patient	
  6	
   	
  
Gender:female	
   0	
  
Age:103	
   1	
  
Race:Pacific	
  Islander	
   1	
  
Diabetes:yes	
   1	
  
Smoking:no	
   0	
  
Alcohol:no	
   0	
  
Stress	
  Level:very	
  low	
   0	
  
Physical	
  Inactivity:0	
   1	
  
Hypertension:118	
   0	
  
BMI:21	
   0	
  
Waist	
  Circumference:55	
   0	
  
Fat	
  %:5	
   0	
  
Sodium	
  Intake:1700	
   0	
  
HDL:53	
   0.25	
  
LDL:95	
   0	
  
Triglycerides:140	
   0	
  
Family	
  History:no	
   0	
  
	
   	
  
Patient	
  7	
   	
  
Gender:female	
   0	
  
Age:33	
   0	
  
Race:Hispanic	
   0	
  
Diabetes:yes	
   1	
  
Smoking:1pack/day	
   0.4	
  
Alcohol:1/day	
   0	
  
Stress	
  Level:high	
   0.75	
  
Physical	
  Inactivity:170min/week	
   0	
  
Hypertension:120	
   0.25	
  
BMI:26	
   0.5	
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Waist	
  Circumference:71	
   0.33	
  
Fat	
  %:12	
   0.33	
  
Sodium	
  Intake:2600	
   0.25	
  
HDL:52	
   0.25	
  
LDL:128	
   0.25	
  
Triglycerides:160	
   0.33	
  
Family	
  History:yes	
   1	
  
	
   	
  
Patient	
  8	
   	
  
Gender:male	
   1	
  
Age:96	
   1	
  
Race:Caucasian	
   0	
  
Diabetes:no	
   0	
  
Smoking:used	
  to	
  smoke	
   0.2	
  
Alcohol:no	
   0	
  
Stress	
  Level:low	
   0.25	
  
Physical	
  Inactivity:45min/week	
   0.75	
  
Hypertension:125	
   0.25	
  
BMI:24	
   0	
  
Waist	
  Circumference:82	
   0.33	
  
Fat	
  %:11	
   0.33	
  
Sodium	
  Intake:2400	
   0	
  
HDL:58	
   0.25	
  
LDL:131	
   0.5	
  
Triglycerides:160	
   0.33	
  
Family	
  History:no	
   0	
  
	
   	
  
Patient	
  9	
   	
  
Gender:male	
   1	
  
Age:25	
   0	
  
Race:African	
  American	
   1	
  
Diabetes:yes	
   1	
  
Smoking:no	
   0	
  
Alcohol:no	
   0	
  
Stress	
  Level:moderate	
   0.5	
  
Physical	
  Inactivity:170min/week	
   0	
  
Hypertension:115	
   0	
  
BMI:24	
   0	
  
Waist	
  Circumference:75	
   0	
  
Fat	
  %:23	
   0.66	
  
Sodium	
  Intake:3900	
   0.75	
  
HDL:46	
   0.5	
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LDL:183	
   0.75	
  
Triglycerides:204	
   0.66	
  
Family	
  History:yes	
   1	
  
	
   	
  
Patient	
  10	
   	
  
Gender:female	
   0	
  
Age:53	
   0.5	
  
Race:Pakistani	
   0	
  
Diabetes:no	
   0	
  
Smoking:no	
   0	
  
Alcohol:no	
   0	
  
Stress	
  Level:high	
   0.75	
  
Physical	
  Inactivity:140min/week	
   0.25	
  
Hypertension:140	
   0.75	
  
BMI:27	
   0.5	
  
Waist	
  Circumference:78	
   0.33	
  
Fat	
  %:5	
   0	
  
Sodium	
  Intake:2400	
   0	
  
HDL:36	
   0.75	
  
LDL:185	
   0.75	
  
Triglycerides:280	
   0.66	
  
Family	
  History:yes	
   1	
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Appendix	
  D	
  

Risk of Cardiovascular Disease 
F1 Smoking   

F2 Stress   

F3 Diabetes   

F4 Hypertension   

F5 Physical Inactivity   

F6 BMI 
Obesity 

F7 Waist Circumference 

F8 Fat (Saturated and 
Trans) 

F9 Alcohol Diet 

F10 Sodium 

F11 HDLs 

F12 LDLs 

Modifiable 

Cholesterol 

F13 Triglycerides 

F14 Age   

F15 Gender   

F16 Race   

F17 Type-II Diabetes 

F18 High Cholesterol 

F19 Hypertension 

F20 Heart Disease 

Non-
Modifiable 

Family History 

F21 Heart Attacks 
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Evaluation of the Rethink Autism Program 
 
 

Objective 

The goal of this project/study is to examine the success of the Rethink Autism program by 

looking at improvements made by participating students. Performance levels based on different 

skills of individuals on the autism spectrum were compared before and after time spent in the 

program.  We were able come up with and narrow down certain key factors that contributed a 

major role in the ongoing success of students. Through this, we were able to come up with a 

mathematical model to assess the successes of the autism programs. 

Introduction 

Autism is a neurobiological disorder that ranges in symptoms and severity for each 

individual. Common features of autism include social impairment, such as lack of ability to 

communicate properly, and adherence to strict routines and repetitive behaviors. One in every 

110 children is diagnosed with autism and unfortunately, Nebraska is ranked 49th in the nation 

for special needs services. Autism Action Partnership (AAP) is a non-profit organization that 

works for Nebraska families to better service those on the autism spectrum. Due to the generosity 

of a number of Nebraska foundations, AAP is rewarded grants in order to fund programs to 

improve the lives of autism spectrum peoples. They also work to raise the awareness and 

knowledge of the disorder by reaching out to people at conventions, fundraising events, and 

through social media networks. 

This last year AAP funded the Rethink Autism program in a number of schools in 

Nebraska. Rethink Autism was created in order to provide affordable science-based treatment to 

children with autism. The program is used to further the performance of individuals with autism 

in a number of daily-life skills and activities. The program is broken down into eight categories; 
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each has specific lessons to be mastered by the individuals over the course of a timeframe. The 

eight categories include, but are not limited to, pre-academic skills, academic skills, daily living 

skills, expressive language skills, receptive language skills, motor skills, play/leisure skills, and 

social/emotional skills. Each of these categories includes many sub-factors for analysis. 

Individuals on the autism spectrum struggle in a number of these areas, if not all.  

In order for the program to work, individuals must first be assessed according to their 

own needs. Students take tests that assess their individual level of performance in the numerous 

areas of focus. Lesson plans and program goals for each student are then devised. The 

curriculum is broken into easily manageable step for the teachers and students. This allows for 

ongoing assessment throughout the program. Student’s success is evaluated on the basis of 

number of steps mastered in each lesson and number of lessons mastered in a given time period. 

Methods 

Participants 

With the help of AAP, we were able to contact two different elementary schools in the 

Hall and Cumming counties of Nebraska. In the Hall County School, we had three students 

following the Rethink program whereas in our Cuming County School, we had two students 

following the program.  Each student was given an individualized lesson plan and his or her 

success in lesson achievement was recorded each month.  Both schools sent us each student’s 

progress in lesson achievement. The Hall County School sent us data from four months of using 

the program and the Cuming County School for six months. 

Procedures 

 In order to assess the quality of the Rethink Autism program in the further development 

of autism spectrum elementary school students, we identified five factors that contribute to their 
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success. These factors include: skill development, comfortability/social relations, structured 

system with trained staff, transition planning, and parent/peer involvement. These categories 

were rated in importance by four experts in the field. We then took the categories we identified 

and applied them to the outline of the Rethink Autism program. 

 One of the categories we identified is having a structured system with a trained staff. This 

category is the broadest of the five. The program in itself serves as a structured system. Each 

individual student is given a lesson plan designed for the individual. The lesson plan is a routine 

that the students follow throughout the program with a particular teacher. The teacher follows 

guidelines that are also given to them in the Rethink Autism handbook.  

 With the other four categories, we were able to take the Rethink Autism program outline 

and break up the general lesson plan into subcategories. Under skill development we put 

academic, expressive language, receptive language, and motor skills. Under comfortability/social 

relations we put pre-academic, (having to deal with making eye contact, identifying sounds, and 

communicating thoughts and feelings), and social/emotional. Under transition planning we put 

daily living skills, and under parent/peer involvement we put play/leisure. 

Results 

 We assigned the Hall County School the title of “School 1,” with students “1a, 1b, and 

1c.” The Cuming County School was assigned “School 2,” with students “2a and 2b.” The 

numbers of steps mastered by student 1a in the four consecutive months of evaluation were 4, 6, 

10, and 3. The numbers of lessons mastered by student 1a in the four months were 1, 2, 4, and 1. 

Student 1b had steps mastered scores of 5, 3, 6, and 0. The lessons mastered scores for student 1b 

were 2, 1, 2, and 0. Student 1c had steps mastered scores of 8, 5, 6, and 4. Lessons mastered 

scores for student 1c were 3, 1, 2, and 1. In school 2 they followed the program for six months. 
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Student 2a had lessons mastered scores for the consecutive six months of 3, 5, 4, 2, 1 and 1. 

Student 2a’s lessons mastered scores were 1, 1, 2, 0, 1, and 0. Student 2b had steps mastered 

scores of 14, 10, 9, 3, and 1. The lessons mastered scores for student 2b were 6, 7, 2, 7, 1, and 0.  
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Mathematical Modeling for the Effectiveness of Programs for Children with Autism 
 

Overarching Goal: 
• G: Effectiveness of Autism Development Programs 

 
Factors: 

• F1: Skill Development 
• F2: Comfortability/Social Relations 
• F3: Structured System with Trained Staff 
• F4: Transition Planning 
• F5: Parent/Peer Involvement 

 
Analytical Hierarchy Process: 
 
Given the following matrix W, 

Matrix W 
 E1 E2 E3 E4 

F1 .8 .7 .8 .7 
F2 .6 .7 .6 .6 
F3 .9 .8 .8 .8 
F4 .5 .6 .4 .6 
F5 .5 .5 .5 .6 

 
Take the row averages and add them: 

• W1 = 0.75 
• W2 = 0.625 
• W3 = 0.825 
• W4 = 0.525 
• W5 = 0.525 
• Wtot = 3.25 

 
Let us define the following adjectives for our factors when defining values: 

• Poor = 0.1 
• Okay = 0.3 
• Good = 0.5  
• Very Good = 0.7 
• Excellent = 0.9 

 
Therefore, the final equation will be: 

• G = !1!#1+  !2!#2+  !3!#3+  !4!#4+  !5!#5 
• G = .2308F1 + .1923F2 + .2538F3 + .1615F4 + .1615F5 

 
 
Guiasu Method 
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Given matrix W (reference above), divide each column by its column total. 
 

 E1 E2 E3 E4 
F1 833 733 831 733 
F2 633 733 631 633 
F3 933 833 831 833 
F4 533 633 431 633 
F5 533 533 531 633 

Take the row averages and add them (should add up to one): 
• W1 = 0.231 
• W2 = 0.192 
• W3 = 0.254 
• W4 = 0.161 
• W5 = 0.162 
• Wtot = 1.000 

 
Let us define the following adjectives for our factors when defining values: 

• Poor = 0.1 
• Okay = 0.3 
• Good = 0.5  
• Very Good = 0.7 
• Excellent = 0.9 

 
Therefore, the final equation will be: 

• G = !1!#1+  !2!#2+  !3!#3+  !4!#4+  !5!#5 
• G = .2312F1 + .1923F2 + .2539F3 + .1610F4 + .1615F5 

 
Yen Method 
 
Given matrix W (reference first matrix), divide each number by the greatest number within the 
matrix: 
 
 
 
 
 
 

 E1 E2 E3 E4 
F1 89 78 88 78 

F2 69 78 68 68 

F3 99 88 88 88 
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F4 59 68 48 68 

F5 59 58 58 68 

 
Take the row averages and add them: 

• W1 = 0.910 
• W2 = 0.760 
• W3 = 1.000 
• W4 = 0.639 
• W5 = 0.639 
• Wtot = 3.948 

 
Let us define the following adjectives for our factors when defining values: 

• Poor = 0.1 
• Okay = 0.3 
• Good = 0.5  
• Very Good = 0.7 
• Excellent = 0.9 

 
Therefore, the final equation will be: 

• G = !1!#1+  !2!#2+  !3!#3+  !4!#4+  !5!#5 
• G = .2304F1 + .1926F2 + .2533F3 + .1618F4 + .1618F5 

 
The average equation for G as a result of all the methods sets out to be as follows: 

• G = .2308F1 + .1924F2 + 2537F3 + .1614F4 + .1616F5 
• Gtot greater than 0.7 is considered very good with minor areas of improvement. 

 
Example 1: 

• G = .2308(.9) + .1924(.7) + .2537(.7) + .1614(.5) + .1616(.9) = .7461 
• This analysis for a program is very good! As we can see, improvement would be needed 

in factor 4, but the rest seem to be in great shape. 
 
Example 2: 

• G = .2308(.5) + .1924(.9) + .2537(.9) + .1614(.3) + .1616(.5) = .6461 
• This analysis for this program is sub-par. Improvement is needed within three factors. 

Bringing those factors up to a 0.7 would make this program very effective 
• G = .2308(.7) + .1924(.9) + .2537(.9) + .1614(.7) + .1616(.7) = .7892 
• If those three factors were improved that much, this program would be much more 

effective model-wise than our first example. 
 
Fuzzy Set Analysis: 
 

Matrix W 
 E1 E2 E3 E4 

F1 .8 .7 .8 .7 
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F2 .6 .7 .6 .6 
F3 .9 .8 .8 .8 
F4 .5 .6 .4 .6 
F5 .5 .5 .5 .6 

 
Definition: ρk(Fi,Fj) = (eik – ejk + 0.5) ʌ 1 if eik ≥ ejk 
   1 – [ejk – eik + 0.5] ʌ 1 if ejk> eik 

 
Matrix R1 

 F1 F2 F3 F4 F5 
F1 .5 .7 .4 .8 .8 
F2 .3 .5 .2 .6 .6 
F3 .6 .8 .5 .9 .9 
F4 .2 .4 .1 .5 .5 
F5 .2 .4 .1 .5 .5 

 
 

Matrix R2 
 F1 F2 F3 F4 F5 

F1 .5 .5 .4 .6 .7 
F2 .5 .5 .4 .6 .7 
F3 .6 .6 .5 .7 .8 
F4 .4 .4 .3 .5 .6 
F5 .3 .3 .2 .4 .5 

 
 
 
 
 
 
 

Matrix R3 
 F1 F2 F3 F4 F5 

F1 .5 .7 .5 .9 .8 
F2 .3 .5 .3 .7 .6 
F3 .5 .7 .5 .9 .8 
F4 .1 .3 .1 .5 .4 
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F5 .2 .4 .2 .6 .5 

 
 

Matrix R4 
 F1 F2 F3 F4 F5 

F1 .5 .6 .4 .6 .6 
F2 .4 .5 .3 .5 .5 
F3 .6 .7 .5 .7 .7 
F4 .4 .5 .3 .5 .5 
F5 .4 .5 .3 .5 .5 

 
 
 
Definition:  

Assign value “1” for a number ρ(Fi,Fj) > 0.5 
Assign value “0” for a number ρ(Fi,Fj) < 0.5 

 
Let Ak = [aij

k]; k = 1, 2, 3, 4 
 
 Where aij

k =  1 if rij
k> 0.5 

   0 otherwise 
 

Matrix A1 
 F1 F2 F3 F4 F5 

F1 0 1 0 1 1 
F2 0 0 0 1 1 
F3 1 1 0 1 1 
F4 0 0 0 0 1 
F5 0 0 0 0 0 

 
 
 
 

Matrix A2 
 F1 F2 F3 F4 F5 

F1 0 0 0 1 1 
F2 0 0 0 1 1 
F3 1 1 0 1 1 
F4 0 0 0 0 1 
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F5 0 0 0 0 0 

 
Matrix A3 

 F1 F2 F3 F4 F5 
F1 0 1 0 1 1 
F2 0 0 0 1 1 
F3 0 1 0 1 1 
F4 0 0 0 0 0 
F5 0 0 0 1 0 

 
Matrix A4 

 F1 F2 F3 F4 F5 
F1 0 1 0 1 1 
F2 0 0 0 0 0 
F3 1 1 0 1 1 
F4 0 0 0 0 0 
F5 0 0 0 0 0 

 
Definition: 
 Let rij =  14.=140ij

kif i ≠ j 
  0 otherwise 
 Where i, j = 1, 2, 3, 4 
 Let Rtot = [rij] 
 
 
 
 
 
 
 
 
 
 

Matrix Rtot 

 F1 F2 F3 F4 F5 
F1 0 34 0 1 1 
F2 0 0 0 34 34 
F3 34 1 0 1 1 
F4 0 0 0 0 24 
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F5 0 0 0 14 0 

 
  
Let gij = 1 if rij> 0.5 
 0 otherwise 
 
 Then gi = 14.=150ij 
 Let G = [gij] 
 

Matrix G 
 F1 F2 F3 F4 F5 

F1 0 1 0 1 1 
F2 0 0 0 1 1 
F3 1 1 0 1 1 
F4 0 0 0 0 0 
F5 0 0 0 0 0 

 
 gn = 2=150ij 

 g1 = 14(0+1+0+1+1) = 34 
 g2 = 14(0+0+0+1+1) = 24 
 g3 = 14(1+1+0+1+1) = 44 
 g4 = 0 
 g5 = 0 
 
Let zq

i
 =  µq(gi) for I = 1, 2, 3, 4, 5  

 Q is defines as “most” 
 then µ(Q)(x) =  1 if 0.8 ≤ 1 
   2x – 0.6 if 0.3 < x ≤ 0.8 
   0 if x ≤ 0.3 
 
 
Fuzzy Q is called consensus winner; it is defined to be the fuzzy subset 
 WQ(Fi) = zQ

i, i = 1, 2, 3, 4, 5 
As the fuzzy subset of the set of Fi that preferred to Q other Fj. 
 
zQ

1 = µQ(g1) = µQ(34) = 2(34) – 0.6 = 0.9 
zQ

2 = µQ(g2) = µQ(24) = 2(24) – 0.6 = 0.4 
zQ

3 = µQ(g3) = µQ(44) = 1 
zQ

4 = µQ(g4) = 0 
zQ

5 = µQ(g5) = 0 
 
Therefore, 

• WQ(F1) = 0.9 
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• WQ(F2) = 0.4 
• WQ(F3) = 1.0 
• WQ(F4) = 0.0 
• WQ(F5) = 0.0 

 
Relations Method: 
 
Let S, I, >, R, ~ be relations on X 

• S = outranking = xSy means x is not worse than y 
o Induces from S: Ұ x,yε X 

• I = indifference = xIy means x and y are indifferent 
o I(x)(x,y) = S(x,y) ʌ S(y,x) 

• > = preference = x>y means x is preferred to y 
o >(S) = S(x,y) ʌ (1 – S(y,x)) 

• R = incompatibility = xRy means x and y are incomparable 
o R(S)(x,y) = ((1 – S(x,y) ʌ (1 – S(y,x)) 

• ~ = nonpreference = x~y means x and y cannot be discriminated between 
o ~(S) = (S(x,y) ʌ S(y,x)) V ((1 – S(x,y)) ʌ (1 – S(y-x))) 

S = XxX  [0,1] 
Let S = R where 

S = R Matrix 
 F1 F2 F3 F4 F5 

F1 0 34 0 1 1 
F2 0 0 0 34 34 
F3 34 1 0 1 1 
F4 0 0 0 0 24 
F5 0 0 0 14 0 

 
Matrix I(S) 

 F1 F2 F3 F4 F5 
F1 0 0 0 0 0 
F2 0 0 0 0 0 
F3 0 0 0 0 0 
F4 0 0 0 0 14 
F5 0 0 0 14 0 

 
 

Matrix R(S) 
 F1 F2 F3 F4 F5 

F1 1 14 14 0 0 
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F2 14 1 0 14 14 
F3 14 0 1 0 0 
F4 0 14 0 1 24 
F5 0 14 0 24 1 

 
 

Matrix >(S) 
 F1 F2 F3 F4 F5 

F1 0 34 0 1 1 
F2 0 0 0 34 34 
F3 34 1 0 1 1 
F4 0 0 0 0 24 
F5 0 0 0 14 0 

 
 
 
 
 
 

Matrix ~(S) 
 F1 F2 F3 F4 F5 

F1 1 14 14 0 0 
F2 14 1 0 14 14 
F3 14 0 1 0 0 
F4 0 14 0 1 24 
F5 0 14 0 24 1 

 
Degree of Consensus: 
We consider the degree of agreement between the experts m,n = 1, 2, 3, 4 
 Vij(m,n) = 1 if |rij

m - rij
n| < 0.1 

   0 otherwise 
 
Solve for [vij

12], [vij
13], [vij

14], [vij
23], [vij

24], [vij
34] (refer to R matrices) 

 
Matrix [vij

12] 
 F1 F2 F3 F4 F5 

F1 1 0 1 0 1 
F2 0 1 0 1 1 
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F3 1 0 1 0 1 
F4 0 1 0 1 1 
F5 1 1 1 1 1 

 
 

Matrix [vij
13] 

 F1 F2 F3 F4 F5 
F1 1 1 1 1 1 
F2 1 1 1 1 1 
F3 1 1 1 1 1 
F4 1 1 1 1 1 
F5 1 1 1 1 1 

 
 
 
 
 

Matrix [vij
14] 

 F1 F2 F3 F4 F5 
F1 1 1 1 0 0 
F2 1 1 1 1 1 
F3 1 1 1 0 0 
F4 0 1 0 1 1 
F5 0 1 0 1 1 

 
 

Matrix [vij
23] 

 F1 F2 F3 F4 F5 
F1 1 0 1 0 1 
F2 0 1 1 1 1 
F3 1 1 1 0 1 
F4 0 1 0 1 0 
F5 1 1 1 0 1 

 
 

Matrix [vij
24] 

 F1 F2 F3 F4 F5 
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F1 1 1 1 1 1 
F2 1 1 1 1 0 
F3 1 1 1 1 1 
F4 1 1 1 1 1 
F5 1 1 1 1 1 

 
 

Matrix [vij
34] 

 F1 F2 F3 F4 F5 
F1 1 1 1 0 0 
F2 1 1 1 0 1 
F3 1 1 1 0 1 
F4 0 0 0 1 1 
F5 0 1 1 1 1 

 
 
 
The degree of agreement between experts m, n as to their preference is: 
 

VB (m,n) = 1103=142=3+154ℎ676  8,9=1, 2, 3, 4 
 
Therefore, 
 
Vij(1,2) = 110(0+1+0+1+0+1+1+0+1+1) = 610 = 35 
Vij(1,3) = 110(1+1+1+1+1+1+1+1+1+1) = 1010 = 1 
Vij(1,4) = 110(1+1+0+0+1+1+1+0+0+1) = 610 = 35 
Vij(2,3) = 110(0+1+0+1+1+1+1+0+1+0) = 610 = 35 
Vij(2,4) = 110(1+1+1+1+1+1+0+1+1+1) = 910 
Vij(3,4) = 110(1+1+0+0+1+0+1+0+1+1) = 610 = 35 
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Introduction 

Health care is an essential aspect of our daily lives. We rely on it far more than 

we probably realize. In 2009, the United States spent 17.6% of the GDP on health care 

(Wilson). Across other developed countries, health care consumed an average of 9% of 

the GDP. These health care costs are expected to go up in the coming years. It is 

important that we receive the best care possible and in order to do this, we continuously 

have to be monitoring the quality of healthcare.  

Purpose 

The purpose of my project is to evaluate health care systems of different 

countries based on various criteria. This has been done before by agencies including 

the World Health Organization. In 2000, they did so and they used three main criteria in 

their analysis. These criteria included were health (50%), responsiveness (25%), and 

fair financial contribution (25%). Under health they looked at life expectancy. Under 

responsiveness they looked at speed of service, protection of privacy and quality of 

amenities (World). Their results showed that France, Italy, Spain, and Japan were 

among those in the top 10. The United States was not even in the top 25. They came in 

at number 37 (Coutsoukis).  

This model has been greatly criticized. John Stossel says that using life 

expectancy can be misleading. For example, in the United States, life expectancy is 

lower due to homicides, lack of exercise and good nutrition, and high accident rates. 

Also, some say that this model hurts the free-market systems and rewards those with 

socialized health care. Stossel said, “a country with high-quality care overall but 

'unequal distribution' would rank below a country with lower quality care but equal 
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distribution” (Stossel). Bialik of The Wall Street Journal wrote that data for all the factors 

was not available for every country. They tried to use other information as a substitution 

and many critics do not think this was accurate. Philip Musgrove of the WHO report 

eventually left the WHO and he wrote an article criticizing the report (Bialik). I would like 

to create a model that takes many different factors into account to make it as fair and 

unbiased as possible. 

Procedure 

I came up with three broad categories of factors on which I have ranked the 

countries (See Figure 1)

Figure 1  

These categories are quality, cost, and access. Within quality (Figure 2), I have looked 

at prevention which includes the vaccination, diet and exercise, and regular checkups 

and screening. Within quality I also looked at life expectancy. Generally there is a 
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correlation between the quality of a health care system and how long people live. I have 

also looked at recovery rate which is quite indicative of a health care system’s level of 

quality. Then, I looked at child mortality. I used doctor quality in this category as well. 

Finally, under the section of quality, I looked at a country’s technology in regards to 

health-care.  

 

Figure 2 

The next category of criterion I evaluated was cost (Figure 3). I think it is 

important that health care is affordable to individuals. If they cannot afford healthcare 

then it does not matter how advanced or successful it is, they will not be able to access 

it. In this category, I have two broad factors: government spending and individual 

spending. I broke up individual spending into two main categories: out-of-pocket 

spending and spending on insurance. Then I looked at insurance and evaluated how 

available it is and the percentage of people that have insurance.  
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Figure 3 

Finally, I evaluated the category of access (Figure 4). As previously stated, 

regardless of how high the quality of healthcare is, it does not matter if the average 

person does not have access to it. Within this category, I examined four different 

criteria. The first of these is the distance to the nearest hospital. Next, I looked at the 

number of hospitals per 100,000 people. Furthermore, I evaluated the number of nurses 

per 100,000 people. Finally, I evaluated the time patients must wait for necessary care.  

 

Figure 4 
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Once I obtained my factors, I consulted with experts to obtain my expert 

opinions. The first of these is Dr. Donald Frey who is the Faculty Associate at the 

Creighton Center for Health Policy and Ethics. His research interests focus on 

comparing the international healthcare systems and improving the quality and access to 

healthcare (Donald). He is Expert 1. Then I consulted Dr. Micki Mallenby who is a 

mathematics professor at Creighton University. She researches the provision of 

healthcare (Dr. Micki). She is Expert 3. I asked my experts to give each of my factors a 

value on the scale of 0.0 to 1.0 with 0.0 being unimportant and 1.0 being extremely 

important. As the other experts that I contacted never got back to me I decided to 

average my numbers from the other two experts due to time constraints. This is Expert 

2. The twenty-two factors and their ranking by each of the three experts can be found in 

Table 1.  

 

Table 1: Expert Rankings 

 Expert 1 Expert 2 Expert 3 
quality 0.85 0.9 1 
prevention 0.8 0.8 0.8 
vaccination 0.9 0.95 1 
diet/exercise 0.8 0.85 0.9 
regular checkups/screening 0.7 0.55 0.4 
life expectancy 0.8 0.75 0.7 
recovery rate 0.5 0.7 0.98 
child mortality 0.95 0.8 0.6 
doctor quality 0.8 0.9 0.95 
technology 0.4 0.6 0.8 
cost 0.9 0.7 0.5 
individual spending 0.7 0.75 0.8 
insurance 0.97 0.5 0.3 
availability 0.95 0.95 0.95 
percentage that have 
insurance 0.98 0.8 0.75 
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out of pocket spending 0.7 0.75 0.9 
government spending 0.9 0.7 0.6 
access 0.7 0.7 0.7 
distance to hospital 0.4 0.4 0.4 
hospitals per 100,000 people 0.5 0.45 0.4 
nurses per 100,000 people 0.9 0.8 0.7 
time to wait for necessary care 0.92 0.9 0.9 
    

 After I received this information from my experts, I sought the help of Dr. Malik to 

write an equation for my data. I employed the Analytical Hierarchy Process (AHP), 

Guiasu Method, and Yen Method. With the AHP, the matrices are squared. Then the 

rows are summed and the row totals are summed. Then normalization is done by 

dividing the row sum by the row total. This will give the weight for each factor. Dr. Malik 

came up with three separate formulas for my three main factors and then formulas for 

my subfactors: 

Mu table:  

       E1 E2 E3 Row Avg 

F1 0.8500 0.9000 1.000 .9167 

F2 0.9000 0.7000 0.5000 0.7000 

F3 0.7000 0.7000 0.7000 0.7000 

Col Sum 2.4500 2.3000 2.2000 2.3167 

 

sg* F1 F2 F3 

F1 F1 F2 F2 

F2 F1 F2 F2 

F3 F1 F2 F3 
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Combined Mu: 0.9000 0.7000 0.7000  

G: 0.7920 

AHP (main 3 factors) 

  G+=0.3957F1+0.3022F2+0.3022F3 

Guiasu (main 3 factors) 

  G+=0.3976F1+0.2997F2+0.3027F3 

Yen (main 3 factors) 

  G+=0.3938F1+0.3046F2+0.3016F3 

F1: Quality 

F2: Cost 

F3: Access 

Subfactor:  Quality  

Mu table:  

         E1      E2      E3      RowAvg 

     F1  0.8000  0.8000  0.8000  0.8000 

     F2  0.8000  0.7500  0.7000  0.7500 

     F3  0.5000  0.7000  0.9800  0.7267 

      F4  0.9500  0.8000  0.6000  0.7833 

F5  0.8000  0.9000  0.9500  0.8833 

      F6  0.4000  0.6000  0.8000  0.6000 

Col Sum  4.2500  4.5500  4.8300  4.5433 

 

   sg*     F1   F2   F3   F4   F5   F6 
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       F1   F1   F1   F1   F1   F5   F1 

       F2   F1   F2   F2   F4   F5   F2 

   F3   F1   F2   F3   F4   F5   F3 

   F4   F1   F4   F4   F4   F5   F4 

   F5   F5   F5   F5   F5   F5   F5 

   F6   F1   F2   F3   F4   F5   F6 

Combined Mu: 0.8000 0.7500 0.5000 0.8000 0.9000 0.4000  

G: 0.7413 

AHP G+ equation 

G+ = 0.1761F1 + 0.1651F2 + 0.1599F3 + 0.1724F4 + 0.1944F5 +  

0.1321F6 

Guiasu G+ equation 

G+ = 0.1766F1 + 0.1660F2 + 0.1581F3 + 0.1745F4 + 0.1942F5 +  

0.1305F6 

Yen G+ equation 

G+ = 0.1762F1 + 0.1653F2 + 0.1594F3 + 0.1730F4 + 0.1945F5 +  

0.1317F6 

F1 - Prevention 

F2 – Life Expectancy 

F3 – Recovery Rate 

F4 – Child Mortality 

F5 – Doctor Quality 

F6 – Technology 
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Subfactor:  Cost  

Mu table:  

         E1      E2      E3      RowAvg 

     F1  0.7000  0.7500  0.8000  0.7500 

     F2  0.9000  0.7500  0.6000  0.7500 

Col Sum  1.6000  1.5000  1.4000  1.5000 

  sg*     F1   F2 

     F1   F1   F1 

     F2   F2   F2 

 

Combined Mu: 0.7000 0.7500  

G: 0.7261 

AHP G+ equation 

G+ = 0.5000F1 + 0.5000F2 

Guiasu G+ equation 

G+ = 0.5030F1 + 0.4970F2 

Yen G+ equation 

G+ = 0.5025F1 + 0.4975F2 

 

F1 – Individual Spending 

F2 – Government Spending 
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Subfactor:  Access  

Mu table:  

         E1      E2      E3      RowAvg 

     F1  0.4000  0.4000  0.4000  0.4000 

     F2  0.5000  0.4500  0.4000  0.4500 

     F3  0.9000  0.8000  0.7000  0.8000 

     F4  0.9200  0.9000  0.9000  0.9067 

Col Sum  2.7200  2.5500  2.4000  2.5567 

 

  sg*     F1   F2   F3   F4 

     F1   F1   F2   F3   F4 

     F2   F2   F2   F3   F4 

     F3   F3   F3   F3   F4 

     F4   F4   F4   F4   F4 

 

Combined Mu: 0.4000 0.4000 0.7000 0.9000  

G: 0.6776 

AHP G+ equation 

G+ = 0.1565F1 + 0.1760F2 + 0.3129F3 + 0.3546F4 

Guiasu G+ equation 

G+ = 0.1569F1 + 0.1757F2 + 0.3121F3 + 0.3554F4 

Yen G+ equation 

G+ = 0.1565F1 + 0.1759F2 + 0.3128F3 + 0.3548F4 

Paper 3 Quest: A Journal of Undergraduate Student Research Page 48



 
	
  

F1 – Distance To Hospital 

F2 - Hospital/100,000 People 

F3 - Nurses/100,000 People 

F4 – Time to wait for necessary care 

 

Subfactor: Prevention  

Mu table:  

         E1      E2      E3      RowAvg 

     F1  0.9000  0.9500  1.0000  0.9500 

     F2  0.8000  0.8500  0.9000  0.8500 

     F3  0.7000  0.5500  0.4000  0.5500 

Col Sum  2.4000  2.3500  2.3000  2.3500 

 

  sg*     F1   F2   F3 

     F1   F1   F1   F1 

     F2   F1   F2   F2 

     F3   F1   F2   F3 

Combined Mu: 0.9000 0.8000 0.4000  

G: 0.7711 

AHP G+ equation 

G+ = 0.4043F1 + 0.3617F2 + 0.2340F3 

Guiasu G+ equation 

G+ = 0.4047F1 + 0.3621F2 + 0.2332F3 
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Yen G+ equation 

G+ = 0.4032F1 + 0.3607F2 + 0.2361F3 

F1 - Vaccination 

F2 - Diet/Exercise 

F3 – Regular Checkup/Screening 

 

Subfactor:  Individual Spending  

Mu table:  

         E1      E2      E3      RowAvg 

     F1  0.9700  0.5000  0.3000  0.5900 

     F2  0.7000  0.8000  0.9000  0.8000 

Col Sum  1.6700  1.3000  1.2000  1.3900 

 

  sg*     F1   F2 

     F1   F1   F2 

     F2   F2   F2 

 

Combined Mu: 0.3000 0.8000  

G: 0.6258 

AHP G+ equation 

G+ = 0.4245F1 + 0.5755F2 

Guiasu G+ equation 

G+ = 0.4052F1 + 0.5948F2 
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Yen G+ equation 

G+ = 0.4184F1 + 0.5816F2 

F1 - Insurance 

F2 – Out of pocket 

 

Subfactor: Insurance  

Mu table:  

         E1      E2      E3      RowAvg 

     F1  0.9500  0.9500  0.9500  0.9500 

     F2  0.9800  0.8000  0.7500  0.8433 

Col Sum  1.9300  1.7500  1.7000  1.7933 

  sg*     F1   F2 

     F1   F1   F1 

     F2   F1   F2 

 

Combined Mu: 0.9500 0.7500  

G: 0.8882 

AHP G+ equation 

G+ = 0.5297F1 + 0.4703F2 

Guiasu G+ equation 

G+ = 0.5313F1 + 0.4687F2 

Yen G+ equation 

G+ = 0.5302F1 + 0.4698F2 
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F1 - Availability 

F2 – Percentage that have insurance 

 

--------------------Final Equations---------------- 

AHP final F+ equation: 

AHPF+ = 0.0282 F1 + 0.0252 F2 + 0.0163 F3 + 0.0653 F4 + 0.0633 F5 + 0.0682 F6 

      + 0.0769 F7 + 0.0523 F8 + 0.0340 F9 + 0.0302 F10 + 0.0870 F11 + 0.1511 F12 

      + 0.0473 F13 + 0.0532 F14 + 0.0945 F15 + 0.1072 F16 

------------------------------------------------ 

Guiasu final F+ equation: 

Guiasu F+ = 0.0284 F1 + 0.0254 F2 + 0.0164 F3 + 0.0660 F4 + 0.0629 F5 + 0.0694 F6 

         + 0.0772 F7 + 0.0519 F8 + 0.0324 F9 + 0.0286 F10 + 0.0897 F11 + 0.1489 F12 

         + 0.0475 F13 + 0.0532 F14 + 0.0945 F15 + 0.1076 F16 

------------------------------------------------ 

Yen final F+ equation: 

YenF+ = 0.0280 F1 + 0.0250 F2 + 0.0164 F3 + 0.0651 F4 + 0.0628 F5 + 0.0681 F6 

      + 0.0766 F7 + 0.0519 F8 + 0.0340 F9 + 0.0301 F10 + 0.0890 F11 + 0.1515 F12 

      + 0.0472 F13 + 0.0531 F14 + 0.0943 F15 + 0.1070 F16 

------------------------------------------------ 

Factor descriptions in the final equation.  

F1 - Vaccination 

F2 - Diet/Exercise 

F3 – Regular Checkup/Screening 

F4 – Life Expectancy 
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F5 – Recovery Rate 

F6 – Child Mortality 

F7 – Doctor Quality 

F8 - Technology 

F9 - Availability 

F10 – Percentage that have insurance 

F11 – Out of pocket 

F12 – Government Spending 

F13 – Distance To Hospital 

F14 - Hospital/100,000 People 

F15 - Nurses/100,000 People 

F16 – Time to wait for necessary care 

After calculating and creating the equations. Dr. Malik looked at preference relations 

and determined the degree of agreement among the three experts. 

Mu       E1       E2       E3   Row Avg 

     F1  0.8500  0.9000  1.0000  0.9167 

     F2  0.9000  0.7000  0.5000  0.7000 

     F3  0.7000  0.7000  0.7000  0.7000 

R1 --------------  

0.5000 0.4500 0.6500  

0.5500 0.5000 0.7000  

0.3500 0.3000 0.5000  

R2 --------------  

0.5000 0.7000 0.7000  

0.3000 0.5000 0.5000  

0.3000 0.5000 0.5000  
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R3 --------------  

0.5000 1.0000 0.8000  

0.0000 0.5000 0.3000  

0.2000 0.7000 0.5000  

A1 --------------  

0.0000 0.0000 1.0000  

1.0000 0.0000 1.0000  

0.0000 0.0000 0.0000  

A2 --------------  

0.0000 1.0000 1.0000  

0.0000 0.0000 0.0000  

0.0000 0.0000 0.0000  

A3 --------------  

0.0000 1.0000 1.0000  

0.0000 0.0000 0.0000  

0.0000 1.0000 0.0000  

Matrix R:---------------------- 

0.0000 0.6667 1.0000  

0.3333 0.0000 0.3333  

0.0000 0.3333 0.0000  

Matrix G:---------------------- 

0.0000 1.0000 1.0000  

0.0000 0.0000 0.0000  
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0.0000 0.0000 0.0000  

gList:----------------- 

g1 = 1.0000 

g2 = 0.0000 

g3 = 0.0000 

gList:----------------- 

zQ(g1) = 1.0000 

zQ(g2) = 0.0000 

zQ(g3) = 0.0000 

Matrix I(S):---------------------- 

0.0000 0.3333 0.0000  

0.3333 0.0000 0.3333  

0.0000 0.3333 0.0000  

Matrix R(S):---------------------- 

1.0000 0.3333 0.0000  

0.3333 1.0000 0.6667  

0.0000 0.6667 1.0000  

Matrix >(S):---------------------- 

0.0000 0.6667 1.0000  

0.3333 0.0000 0.3333  

0.0000 0.3333 0.0000  

Matrix ~(S):---------------------- 

1.0000 0.3333 0.0000  
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0.3333 1.0000 0.6667  

0.0000 0.6667 1.0000  

Matrix: V(1, 2): --------------- 

1.0000 0.0000 0.0000  

0.0000 1.0000 0.0000  

0.0000 0.0000 1.0000  

Matrix: V(1, 3): --------------- 

1.0000 0.0000 0.0000  

0.0000 1.0000 0.0000  

0.0000 0.0000 1.0000  

Matrix: V(2, 3): --------------- 

1.0000 0.0000 0.0000  

0.0000 1.0000 0.0000  

0.0000 0.0000 1.0000  

Matrix VB: -------------   

       0.0000 0.0000  

             0.0000  

The degree of agreement of all pair of experts is: 0.0000 

After obtaining these equations, I found data to use in my equations. I decided to 

analyze ten well-developed countries. I found a paper writer by Peterson and Burton of 

Cornell University analyzing OECD countries. The OECD is the Organization Economic 

Cooperation and Development. Its mission is to promote policies that will improve the 

economic and social well-being of people around the world. It consists of 34 countries 
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and I decided to look at ten of these. The countries I chose were Canada, Denmark, 

France, Germany, Netherlands, Norway, Sweden, Switzerland, the United Kingdom, 

and the United States. 

I found data for the ten countries from several sources. These can be viewed in 

Table 2. My data can be found in Table 3. Once I found data for my sources I had Dr. 

Malik help me run all the data through the equations.  

Table 2: Factors and their Source 

FACTOR SOURCE 
quality World Health Organization 
Prevention World Health Organization 
vaccination World Health Organization 
diet/exercise http://www.nationmaster.com/graph/hea_obe-

health-obesity 
regular checkups/screening Cornell University Data 
life expectancy CIA World Factbook 
recovery rate World Health Organization 
child mortality Child Mortality Estimates 
doctor quality World Health Organization 
technology Cornell University Data 
Cost The Commonwealth Fund 
individual spending OECD Data 
insurance The Commonwealth Fund 
availability The Commonwealth Fund 
percentage that have insurance OECD Health Data 
out of pocket spending World Health Organization 
government spending OECD Health Data 
Access World Health Organization 
distance to hospital World Health Organization 
hospital per 100,000 people The Commonwealth Fund 
nurses per 100,000 people OECD Health Data 2003 
time to wait for necessary care World Health Organization 
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Table 3: Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

My results are as follows: 

G Rankings                     

Country           AHP GRank  Order GRank   GRank_Order   Yen_GRank  Order 
Canada  0.5343       10       0.5347     10          0.5343       10    
Denmark  0.5721        8         0.5708     8           0.5712        8    
France  0.6139        3         0.6147     3           0.6142        3    
Germany  0.6582        1         0.6590     1           0.6580        1    
Netherlands  0.6231        2         0.6244     2           0.6233        2    
Norway  0.5726        6         0.5716     7           0.5715        7    
Sweden  0.5752        5         0.5746     5           0.5742        5    
Switzerland  0.6052        4         0.6043     4           0.6043        4    
United Kingdom 0.5575        9         0.5563     9           0.5573        9    
United States     0.5724        7         0.5732     6           0.5725        6    
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The three different methods give similar results. The only inconsistency is between 

Norway and the United States.  

Conclusion 

 I believe the United States ranked so low because of several of the data I used. 

First, the child mortality rates in the United States are quite high. Also, the life 

expectancy in the United States is low. Next, the cost of health care is high in the United 

States. In further research, I would like to look at additional countries. This model is 

likely not suited for second and third world countries so I would perhaps have to adapt it 

to look at those countries. 
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Abstract 

 Bioterrorism is a global issue that has increasingly become the focus of many countries 

and their governments.  This paper creates a model that determines a country’s vulnerability to a 

bioterrorism attack.  Importance is placed on a country’s population density, age distributions, 

healthcare facility capacities and staffing, and basic information about the five most plausible 

diseases for use in a bioterrorism attack: smallpox, anthrax, Ebola, plague, and botulism.  Fuzzy 

mathematical techniques and expert opinions are used to rank countries with respect to their 

vulnerability to a bioterrorism attack.  Specifically, fuzzy set relations, fuzzy set preferences, 

Analytic Hierarchy Process, Guiasu method, and Yen method are utilized in this assessment.  

This analysis considers the fifty most populated countries.  Conclusions are drawn and future 

research is proposed. 

 

Introduction 

 Defined by the Centers for Disease Control and Prevention (CDC) as “the deliberate 

release of viruses, bacteria, or other germs (agents) used to cause illness or death in people, 

animals, or plants,” bioterrorism has increasingly become the focus of governments around the 

globe in years following the end of the Cold War (www.cdc.gov).  For example, the threat of a 

devastating biological attack became salient to Americans and government officials following 

the September 11, 2001 attacks on the World Trade Center and Pentagon and with the anthrax 

letters that surfaced a few weeks afterwards.  Brett Giroir, former director at the Defense 

Advanced Research Projects Agency (DARPA) hints that the threat is real when he says that, “a 

person at a graduate-school level has all the tools and technology to implement a sophisticated 

program to create a bioweapon” (www.nytimes.com).  Not surprisingly, it has been reported that 

biodefense has “consistently [been] placed… at or near the top of the national-security agenda” 

(www.nytimes.com). 

In its efforts to deter bioterrorism, the United States has “invested more than $60 billion 

since 2001, developing and distributing air sensors, educating doctors about the symptoms of 

bioterror pathogens and distributing medical supplies for biodefense to hospitals around the 

country” (www.nytimes.com).  Despite the investment, “even within the biodefense community, 

there is a widespread sense that the countermeasure program is failing” (www.nytimes.com).  

This raises the question: how vulnerable are we, or any country for that matter, to a bioterrorism 

attack?   

This paper proposes a basic method of assessing how vulnerable a country is to a 

bioterrorism attack.  It uses information from the CDC, the Central Intelligence Agency (CIA) 

World Factbook, and “Bioterrorism Threat Assessment,” a published study commissioned by the 

Weapons of Mass Destruction Commission (WMDC).  In doing so, this paper will define 

characteristics of a country and infectious agents necessary for consideration in determining a 

country’s vulnerability to a bioterrorism attack.  Additionally, rankings and values for the 

vulnerability of the fifty most populated countries as determined by the CIA World Factbook are 

calculated. 

 

Model for Assessment of a Country’s Vulnerability 

 While the model proposed is original, some components have been proposed in prior 

bioterrorism literature.  In 2004, the WMDC “tasked a number of individual researchers, 

academic institutions, and think-tanks to produce papers and studies on issues related to the 

Commission’s mandate.  These… [provide a] description of the situation and some proposal(s) 

on how to reduce the dangers from WMD” (www.blixassociates.com).  Number 22 in a series of 
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41, titled “Bioterrorism and Threat Assessment” by Gary A. Ackerman and Kevin S. Moran 

provides strong support for the method developed in this paper. 

 Ackerman and Moran proposed a model for assessing a bioterrorist threat using the 

following equation: 
 

Bioterrorist threat = (consequences of attack) x (likelihood of attack) 

where consequences of attack = (value of asset being defended) x (hazard posed 

by agents) x (vulnerability of assets being 

defended) 

likelihood of attack = (motivation) x  (capability of attackers) 
 

The model used in this paper is comparable to Ackerman and Moran’s in that the 

equations used for calculating a country’s vulnerability are similar to the consequences of attack 

component of the above equation, but the exact combination of values is not the same.  This 

paper does not consider the likelihood of attack since there are many variables to consider in that 

analysis for which data is not readily available.  The three components of the equation for 

assessment of consequences of attacks are now explained and compared to factors used in this 

paper’s model. 

 The value of the asset being defended “is largely a political decision that can be aided by 

economic estimates of the monetary worth of the assets” (Ackerman 6).  In the proposed model, 

the value of the asset is not taken into consideration because it is assumed that the asset, or 

target, is the country’s population.  Because a government should concern itself with the welfare 

of the people, a country’s policy makers should consider methods by which a bioterrorism attack 

could be prevented or mitigated.  Therefore, a value for human life and casualties from a 

bioterrorism attack cannot be established and will not be considered in this assessment. 

When establishing the hazard posed by the agents, a variety of factors have to be 

considered.  These include level of communicability, average incubation period, and average rate 

of mortality, among others (Ackerman 6).  In addition, this paper will consider the average 

duration of the disease because we are considering information about physicians and hospitals in 

our assessment.  Because there is a lack of real-world data, mathematical models are often used 

to estimate values for the harmfulness of an infectious agent (Ackerman 6).  Mathematical 

models are not used in this assessment, rather data from the CDC and other sources will be 

utilized. 

 Finally, when determining the vulnerability of the assets being defended, Ackerman and 

Moran suggest looking at factors such as concentration of populations in urban center and the 

effects of globalization.  The effect of globalization again reinforces the importance of 

considering the transmission rate of an infectious agent in this assessment.  Because urban 

centers can be defined in a variety of ways, values provided by the CIA World Factbook for 

urbanization and population residing in main cities will be used. 

 

Infectious Agents 

The U.S. Department of Homeland Security (DHS) has created a list of biological agents 

which are deemed the most important pathogens against which the United States should be 

prepared to defend.  These pathogens are known as material threats.  This list is comprised of 

various bacteria, viruses, and toxins of which the most commonly known and most plausible for 

use are smallpox (Variola major), anthrax (Bacillus anthracis), Ebola (a viral hemorrhagic 

fever), plague (Yersinia pestis), and botulism (Clostridium botulinum) (www.nytimes.com).  

These five infectious agents are listed as high priority Category A agents by the CDC.  In a 2008 
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bioterrorism risk assessment document, the Committee on Methodological Improvements to the 

Department of Homeland Security’s Biological Agent Risk Analysis defines Category A agents 

as follows: 
 

Category A agents include organisms that pose a risk to national security because 

they can be easily disseminated or transmitted from person to person, they result 

in high mortality rates and have the potential for major public health impacts, they 

might cause social disruptions, and they require special action for public health 

preparedness. 
 

Ackerman and Moran also state that the five aforementioned infectious agents are “the primary 

biological agents considered suitable for bioterrorism.”  Based on information from the DHS, 

CDC, and other sources, the infectious agents considered in this assessment are smallpox 

(Variola major), anthrax (Bacillus anthracis), Ebola (Ebolavirus), plague (Yersinia pestis), and 

botulism (Clostridium botulinum).  We now look more closely at the infectious agents deemed 

most plausible for use in a bioterrorism attack. 

 Variola major, or smallpox, is a virus that was “declared eradicated by the World Health 

Assembly, [the decision-making body of the World Health Organization (WHO),] in May 1980.  

There are only two know repositories of [the] virus remaining, one in the United States and one 

in Russia” (Ellison 578).  The incubation period is about 7 to 17 days, during which the disease 

is highly contagious, in part due to the fact that smallpox can be transmitted as an airborne 

particle (Beltz 685, Ellison 579).  People are no longer vaccinated against smallpox because of 

the vaccine’s “high potential to cause pathological reactions” (Beltz 685).  While it is not 

extremely deadly, if untreated, smallpox has a lethality rate of about 30% (Koblentz 23).  It is a 

biosafety level 4 agent (Ellison 578).  

 Bacillus anthracis, or anthrax, is a bacterium that can affect an individual through three 

different exposure methods: cutaneous, gastrointestinal, and inhalation.  Inhalational anthrax is 

the type that bioterrorists use because the infected individual does not necessarily know that he 

or she has been infected by this method.  Because anthrax is a bacterium, there are several 

antibiotics that are effective against it if treatment is administered early on after symptoms arise.  

The mortality rate of those affected by inhalational anthrax, if untreated, is greater than or equal 

to 90% (Koblentz 23).  It is a biosafety level 2 agent (Ellison 498). 

 Ebola is a viral hemorrhagic fever that is caused by a filovirus.  It has gained a place in 

pop culture from publicity in movies like Outbreak and books like The Hot Zone by Richard 

Preston.  Different strains of Ebolavirus have been found but each causes similar reactions in 

humans: massive hemorrhaging from all orifices.  It is unknown how the disease is transferred to 

humans, but fruit bats are known to be a common reservoir of the virus (Beltz 269). “There is no 

specific treatment currently effective against [Ebola] (Beltz 264).  Hospitals work to lessen the 

symptoms and regulate the body during the massive internal hemorrhagic that occurs (Beltz 

264).  Ebola has a lethality rate of about 90% if untreated (Koblentz 23).  It is a biosafety level 4 

agent (Ellison 543). 

 Yersinia pestis, or plague, is a bacterium that can cause three types of plague in humans: 

bubonic, septicemic, and pneumonic (Beltz 671).  Pneumonic plague is the most plausible for 

use in a bioterrorism attack.  Plague has been used as a biological agent since as early as World 

War II (Beltz 673).  “A 1970 WHO study concluded that… 50 kilograms of Y. pestis released as 

an aerosol over a city of 5 million could produce up to 150,000 cases of pneumonic plague and 

36,000 deaths” (Beltz 673).  If untreated, plague has a lethality rate greater than 90% (Koblentz 

23).  It is a biosafety level 2 agent (Ellison 520). 
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 Clostridium botulinum, or botulism, is a “bacterium that produces neurotoxins” such as 

botulinum neurotoxin A (Ellison 503).  Botulinum toxin A “inhibits muscle action, resulting in 

flaccid muscle paralysis, and may lead to respiratory failure and death if untreated” (Beltz 696).  

It is more potent when ingested or injected rather than inhaled (Ellison 470).  This implies that a 

release of botulism would most likely be through contaminating food sources.  Botulism is not 

contagious but, if untreated, can cause more than 90% mortality rate in an infected population 

(Koblentz 23).  It is a biosafety level 2 agent (Ellison 503). 

 For specific values on lethality if untreated, incubation period, duration, degree of 

person-to-person transmission, and treatment availability for the five infectious agents see 

Appendix C.  For definitions of biosafety levels, see Appendix A.  Since the diseases used in this 

assessment have been determined, specific information about each disease must be considered as 

well as factors about a country, both of which are used in calculating a country’s vulnerability to 

a bioterrorism attack. 

 

Factors in Determining a Country’s Vulnerability to a Bioterrorism Attack 

The following factors will be considered when assessing how vulnerable a country is to a 

biological attack: 1) urbanization; 2) percentage of population under 14 years old and percentage 

of population over 65 years old; 3) percentage of population residing in the largest cities; 4) 

physician density; 5) hospital bed density; 6) incubation period of the agent; 7) lethality of the 

agent; 8) duration of the disease; and 9) degree of person-to-person transmission of the infectious 

agent.  See Appendix A for definitions of the factors as well as how the values are determined.  

See Appendix B for a diagram illustrating the relationship between factors and sub-factors. 

These aforementioned factors are important in determining a country’s vulnerability to a 

bioterrorism attack because they often play an active role in the outbreak of any traditional 

disease.  If more of the population is urbanized and lives in the largest cities, then more of the 

population lives in close proximity of each other and most likely has increased contact with 

people.  When an infectious agent is released in such an environment, the rate at which the agent 

travels through the population is much higher than in an area with a smaller population.  

Additionally, the youth and elderly are usually more susceptible to infection because of 

underdeveloped or weakened immune systems.  If more of the population falls into either the 

“under 14 years old” or “over 65 years old” categories, then there is a greater likelihood that 

more of the population will be afflicted by the biological agent.  This would result in more of the 

population being incapacitated and thus increases the vulnerability of a country. 

Similarly, the lethality and degree of person-to-person interactions play an obvious role 

in increasing vulnerability.  The more lethal a biological agent is, the more devastating it will be, 

and the more contagious an agent is, the faster it will spread through a population, resulting in a 

greater probability of a disastrous outcome.  The ratio of hospital beds to physicians per 1,000 

people is also important for consideration.  If there are fewer beds per physician, then the 

physicians will be able to better take care of their patients.  If the bed-physician ratio is higher, 

than the physician will be more spread out among his or her patients.  The duration of the disease 

is also important because it illustrates for how long the affected population will be incapacitated 

or spending time in a hospital setting.  Finally, the incubation period is important because the 

longer an incubation period, the more time an infected individual can interact with others and 

spread the disease.  Most diseases do not show symptoms during the incubation period, so the 

infected population would not know they are carriers and serving as vectors for disease 

transmission. 
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Based on these factors, many assumptions have to be made in order to “create” a 

controlled environment for the assessment of a country’s vulnerability to a bioterrorism attack.  

The most important assumptions are discussed in the next section. 

 

Assumptions 

The effect each material threat would have in a bioterrorism attack is dependent on a 

variety of factors which includes but is not limited to the biological agent used, extent of 

weaponization, amount released, method of delivery, genetic vulnerability of target population, 

number of personal interactions by each infected individual, and meteorological conditions 

(nytimes.com).  These factors only illustrate a portion of the picture when describing a 

bioterrorism attack.  The details of the country, such as population densities, number of 

physicians and hospital beds per 1,000 people, etc., and specifics of each infectious agent, such 

as treatment options, degree of person-to-person transmission, etc., must also be considered.  

Because of the number of variables involved in determining the impact of a biological attack, 

several assumptions will be made for the purpose of the project. 

The primary assumption is that the biological agents used in this analysis will be natural 

biological agents and not genetically engineered agents.  Genetically engineered agents are often 

more difficult to obtain or develop.  Because of this difficulty, the probability of a genetically 

engineered biological attack is less than the probability of using a natural biological agent in an 

attack.  Also, because natural biological agents are often available in stock cultures and easier to 

obtain than genetically engineered agents, natural biological agents have more of an appeal to 

potential bioterrorists (Koblentz 214-215).  Based on the greater likelihood of a natural infectious 

agent being used, the biological agents considered in this analysis will be only naturally 

occurring bacteria, viruses, and toxins.  More specifically, instead of looking at a wide variety of 

infectious agents, the five most plausible agents for a biological attack will be used as the 

scenarios for which the analysis is conducted. 

An equally important assumption is that the extent of weaponization and method of 

delivery will be quantitatively and qualitatively enough to have an impact on the target.  

Different amounts of each agent are necessary for infection, but to create a uniform situation for 

the hypothetical release of each agent, it will be assumed that a sufficient amount of each agent is 

released and that the agent is potent enough to infect a sizeable population and be transmitted to 

others.  Similarly, it will be assumed that the target population is genetically vulnerable to the 

infectious agent and that the infected population interacts with uninfected targets at a consistent, 

standardized rate.  The targets in a bioterrorism attack are usually in highly populated areas 

where maximum damage can be inflicted.  Because the necessary data for individual cities is not 

readily available, the data representative of the entire country will be utilized in the assessment.  

The some statistics for the entire country are not entirely effective in analysis because they serve 

as averages over the entire population and not specific to metropolitan or high density areas 

where a biological agent would most likely be released.  This condition must be kept in mind 

when analyzing a country’s vulnerability to a bioterrorism attack. 

Finally, in assessing a country’s vulnerability to a bioterrorism attack, a country’s 

preventive measures are not taken into account.  Ackerman and Moran state that: 
 

Preparedness can make all the difference to the outcome of a bioterrorist attack.  
Unlike weapons with more immediate effects, such as explosives, there is the 

possibility to mitigate the effects of a biological attack through measures, 

including rapid detection, treatment with antibiotics, vaccination, and quarantine.  
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One simulation of an anthrax attack conducted by the Center for Nonproliferation 

Studies, for example, showed that the difference in the ultimate mortality figures 

between a poorly coordinated and ill-prepared response and a polished and 

efficient response was 120,000 as opposed to 35,000 deaths [respectively]. 
 

The preventative measures, response capabilities, and preparedness of a country are difficult to 

assess since different scenarios exist in every country and common data is not published on these 

topics.  Preparedness does, however, make a large difference in a country’s vulnerability as is 

seen in the study conducted by the Center for Nonproliferation Studies.  Therefore, the 

vulnerability score determined by this paper will reflect a country’s vulnerability if no 

precautionary action has been taken and all countries have uniform preparedness. 

 These factors are controlled in order to standardize the assessment.  Next, the equation 

used in determining a value, or score, for a country’s vulnerability is explained. 

 

Equation behind Determining a Country’s Vulnerability to a Bioterrorism Attack 

 Using statistics from the CIA World Factbook, a score was determined for the top fifty 

most populated countries.  This score is comprised of values of the nine factors mentioned 

previously.  The score for each country was determined using the following equation: 
 

                                      
        

         
             

where                                          
  and  lethality = percent lethality if disease is untreated 

trans = the level of person-to-person transmission 

treat = availability of treatment 

bed dens = number of hospital beds per 1,000 people 

phys dens = number of physicians per 1,000 people 

dur = duration of disease 

inc = incubation period of disease 

%urb = percent of population that is urbanized 

%<14 = percent of population under 14 years old 

%>65 = percent of population over 65 

Σ%maj cities = percentage of population living in the major cities 
 

The following values are used in the equation for trans: 1=no person-to-person 

transmission; 2= low person-to-person transmission; 3=moderate person-to-person transmission; 

and 4=high person-to-person transmission.  The following values are used in the equation for 

treat: ½=treatment available; and 1=no treatment available.  For inc, the average incubation time 

for the disease is calculated as a percentage of the number of days in a month.  For example, if 

the average incubation time for the disease were 15 days, then the value used for inc would be 

0.50.  Finally, dur is calculated in a similar way as inc.  The average duration time for the disease 

is calculated as a percentage of the number of days in a month. 

 The lethality, rate of person-to-person transmission, and availability of a treatment all 

contribute to the severity of a disease.  The greater the rate of person-to-person transmission, the 

more severe the disease which is why high transmission is assigned as 4 and no transmission is 

assigned as 1.  Similarly, the availability of a treatment would decrease the severity of the 

disease which is why treatment availability is assigned as ½ and no treatment availability is 

assigned as 1.  
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 The percentage of the population that is urbanized is important because those are the 

people most likely to be in a location of a bioterrorism attack.  Of this group, the people under 

the age of 14 and over the age of 65 are most at risk because they either have underdeveloped 

immune systems or are immunosuppressed.  Therefore, the total percentage of these population 

groups is multiplied by the urbanization percentage.  To account for the other residents of major 

cities and the corresponding suburban areas, the percentage of people living in the major cities is 

added to the already calculated percentage value.  The product of the bed-to-physician ratio per 

1,000 people and disease duration is added to the previous value.  Finally, the incubation period 

value is added. 

See Appendix B for a diagram illustrating the relationship between factors and sub-

factors.  See Appendix C for more detailed definitions of factors as determined by the CIA 

World Factbook. 

 

Mathematical Calculations Involving Expert Opinions 

The above equation is applied to each of the five diseases, resulting in five new scores for 

each country.  Through an electronic survey, a group of experts was asked to rank the severity of 

each of the five diseases based on how devastating the infectious agent could be on a population 

under the above assumptions.  See Appendix E for a copy of the survey. 

The following matrix presents the results.  The experts (see Appendix D for names and 

titles) ranked the severity of each disease as “extremely dangerous,” “moderately dangerous,” 

“dangerous,” “slightly dangerous,” and “not dangerous.”  These rankings were converted into 

numerical values based on the following key: 1=not dangerous; 2=slightly dangerous; 

3=dangerous; 4=moderately dangerous; 5=extremely dangerous.  We let    be Expert i, where i 
= 1, 2, 3, 4, 5, 6, 7 and F1=smallpox, F2=anthrax, F3=Ebola, F4=plague, and F5=botulism. 

 

              
  
  
  
  
   

 
 
 
 
                   
                   
                   
                   
                    

 
 
 
 
 

 

This matrix was then adjusted to an equivalent matrix by dividing all values by 5, which resulted 

in the matrix below. 

  

                       
  
  
  
  
   

 
 
 
 
                     
                     
                     
                     
                      

 
 
 
 
 

 

 The experts’ rankings determine the weight for the five calculated scores for every 

country.  There are three methods by which the weights can be calculated: Analytic Hierarchy 

Process (AHP) method, Guiasu method, and Yen method.  See Appendix F for specific 

calculations of equations. 

For the AHP method, the weight of each factor is determined by taking the row average 

of matrix A for each row Fi and then dividing the obtained values by the sum of all row averages.  

This value is now the weight for the Fi in the overall equation G+ for determining an AHP score.   
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The Guiasu method calculates weights for each factor by first normalizing the data.  The 

values of matrix A are normalized with respect to the column in which the data value resides.  

Normalization is calculated by dividing each element of matrix A by the sum of all elements in 

the given column.  Using this normalized data, the row average for each row Fi is calculated.  

This value now provides the weight for Fi in the overall equation G+ for determining a Guiasu 

score. 

The Yen method is somewhat of a combination of the AHP and Guiasu methods.  First, 

the values of matrix A are normalized with respect to the column in which the data value resides.  

Contrary to the Guiasu method, normalization is calculated by dividing each element of matrix A 

by the largest value in the given column.  Using these values, the row averages of A for each row 

Fi and row average sum are calculated.  The row average of matrix A for each row Fi divided by 

the row average sum provides the weight for Fi in the overall equation G+ for determining a Yen 

score. 

Through these methods, the following equations were developed: 
 

AHP: G
+
 = (0.23134328)F1 + (0.18656716)F2 + (0.23880597)F3 + (0.20149254)F4 

+ (0.1479104)F5 

 

Guiasu: G
+
 = (0.23414868)F1 + (0.18495915)F2 + (0.23992611)F3 + (0.19866224)F4 

+ (0.14230381)F5 

 

Yen: G
+
 = (0.23239437)F1 + (0.18544601)F2 + (0.23943662)F3 + (0.19953052)F4 

+ (0.14319249)F5 
 

 The calculated values for   , where i = 1, 2, 3, 4, 5 for each country were then substituted 

into each equation to give scores that determine how vulnerable a country is to a bioterrorism 

attack.  The higher the overall score, the more susceptible a country is.  Using these scores, the 

countries were then ranked.  The rankings of the countries (1 being most susceptible and 50 

being least susceptible for the given sample) were uniform across the three methods of analysis.  

See Appendix G for the scores and rankings. 

 Additionally, using fuzzy preference relations, one can determine the degree to which one 

disease is more dangerous (and therefore more likely to be utilized in a bioterrorism attack) than 

other diseases considered; whether a disease is worse than, indifferent to, preferred to, 

incomparable with, or cannot be discriminated between another disease; and the degree to which 

the experts agree on the deadliness of the diseases.  These calculations are seen below. 

Using the matrix of expert opinions adjusted to values between 0 and 1, fuzzy preference 

relation operations were performed. 

 

 Let        
   where for all i, j = 1, 2, 3, 4, 5, 6, 7 and k = 1, 2, 3, 4, 5, 6, 7. 
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Then, 

     

                    
  
  
  
  
   

 
 
 
 
               
               
               
               
                

 
 
 
 
      

                
  
  
  
  
   

 
 
 
 
               
               
               
               
                

 
 
 
 
 

     

                
  
  
  
  
   

 
 
 
 
               
               
               
               
                

 
 
 
 
      

                
  
  
  
  
   

 
 
 
 
               
               
               
               
                

 
 
 
 
 

     

                 
  
  
  
  
   

 
 
 
 
               
               
               
               
                

 
 
 
 
      

                
  
  
  
  
   

 
 
 
 
               
               
               
               
                

 
 
 
 
 

     

                
  
  
  
  
   

 
 
 
 
               
               
               
               
                

 
 
 
 
 

 

Let        
   where for all i, j = 1, 2, 3, 4, 5, 6, 7 and k = 1, 2, 3, 4, 5, 6, 7. 
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Let         where for all i, j = 1, 2, 3, 4, 5, 6, 7 
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Let          where for all i, j = 1, 2, 3, 4, 5, 6, 7 

       
                 

                          
  

and     expresses whether Fi defeats Fj. 

Then,      

           
  
  
  
  
   

 
 
 
 
           
           
           
           
            

 
 
 
 
 

 

Now,     
 

 
     
 
    is the mean degree to which Fi is preferred to all other Fj.  

  Then,  
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Let   
  be the fuzzy consensus winner, or the extent to which Fi is preferred to Q other Fj, 

where i, j = 1, 2, 3, 4, 5, 6, 7 and Q denotes “most.” 
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From these calculated values, it is observed that F2 is not preferred to any other Fi, where 

i = 1, 3, 4, 5.  Similarly, F4 is not preferred to any other Fi, where i = 1, 2, 3, 5 and F5 is not 

preferred to any other Fi, where i = 1, 2, 3, 4.  Also, F1 is preferred greatly to all other Fi, where i 

= 2, 3, 4, 5 and F3 is preferred greatly to all other Fi, where i = 1, 2, 4, 5.  From this information, 

it can be concluded that the experts polled believe using either smallpox or Ebola in a 

bioterrorism attack would be most beneficial to the attacking party because either of these 

diseases would cause more damage than anthrax, plague, or botulism.  This conclusion correlates 

with information about the diseases.  Both smallpox and Ebola are biosafety level 4 agents 

whereas anthrax, plague, and botulism are all biosafety level 2 agents. 

Fuzzy preference relations were used further to determine relationships between each of 

the diseases. 

Let S, I, >, R, ~ be relations on X having the following meanings: 

 S: outranking relation 

  x S y means x is not worse than y 

 I: indifference relation 

  x I y means x and y are indifferent 

R: incompatibility relation 

 x R y means x and y are incomparable 

>: preference relation 

  x > y means x is preferred to y 

~: non-preference relation 

 x ~ y means that x and y cannot be discriminated between 

More specifically, 

S determines the degree to which one disease is not worse than another. 

The larger the value of x S y, the more similar two diseases are in terms of impact 

on a population.  Conversely, the smaller the value of x S y, the more dissimilar 

two diseases are in terms of impact on a population. 

I determines the degree to which two diseases are indifferent to each other. 

The values determined from this matrix are somewhat irrelevant in analysis of a 

country’s vulnerability to a bioterrorism attack.  The indifference relation is used 

in analysis of factors that are interrelated.  In the case of bioterrorism 

vulnerability, the release of one biological agent is not related to the release of 
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another biological agent.  If the decision to release a given infectious agent, 

however, was dependent on the release of another agent, this preference relation 

would indicate to what degree the release of a given infectious agent was 

independent from the release of another infectious agent. 

R determines the degree to which two diseases are incomparable. 

Similar to the indifference relation I, the values determined from this matrix are 

somewhat irrelevant in analysis of a country’s vulnerability to a bioterrorism 

attack.  The incompatibility relation is used in analysis of related factors and when 

two factors can be compared.  Since the release of one biological agent is not 

related or dependent on the release of another biological agent, this comparison is 

not helpful to our analysis.  If, however, the release was one disease was related to 

the release of another disease, the incompatibility preference relation would 

indicate the degree to which two infectious agents cannot be compared. 

> determines the degree to which one disease is preferred over another. 

The larger the value of x > y, the more disease x is preferred over disease y for use 

in a bioterrorism attack.  Conversely, the smaller the value of x > y, the less 

disease x is preferred over disease y for use in a bioterrorism attack. 

~ determines the degree to which discrimination between two diseases is possible. 

The larger the value of x ~ y, the more one can tell the difference in the effects of 

a bioterrorism attack utilizing a given infectious agent.  Conversely, the smaller 

the value of x ~ y, the less one can tell the difference in the effects of a 

bioterrorism attack utilizing a given infectious agent. 

 

 Now, define the following indices from             
  Indifference index 

                        
Incompatibility index 

                                
Preference index 

                            
Non-preference index 
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For a written interpretation of the fuzzy preference relation matrices above, see Appendix H. 

 

 We now consider the degree of agreement between the experts m, n = 1, 2, 3, 4, 5, 6, 7 
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The degree of agreement between the experts m, n as to their preference is determined by: 
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The degree of agreement of all pairs of experts m, n is given by the formula: 
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 From this, it is concluded that, on average, all of the experts agree on the severity of the 

diseases about 23% of the time.  This measure, however, only determines to what degree the 

experts agree exactly on the severity of a disease based on the previously calculated preference 

relations.  Similarly, we can consider the degree of agreement between the experts under 

different constraints so that the range of difference in opinions is greater.  When adjusting the 

expert opinions to be between 0 and 1 rather than 1 and 5, the smallest possible difference 

between the expert rankings is 0.2.  This translated to the Ri matrices, where i = 1, 2, 3, 4, 5, 6, 7, 

which are used when calculating the v(i, j) matrices.  This means that the smallest possible range 

for “agreement” between the experts is 0.2.  We now consider the degree of agreement between 

the experts m, n = 1, 2, 3, 4, 5, 6, 7, where 
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 From this, it is concluded that the experts agree within 1 ranking point about 77% of the 

time.  This means that the experts ranked each disease with similar severity, indicating that the 

analysis using the expert opinions is somewhat valid because there are no extreme outliers in 

ranking values. 

 

Conclusions 

 Through the AHP, Guiasu, and Yen methods, rankings were determined for each of the 

fifty countries considered.  These rankings listed in Appendix G.  From these calculated scores, 
several notable observations were made.  For the ten most populous countries, it was determined 

that nine rank in the bottom half for vulnerability; six out of those nine ranking in the bottom 

fifteen.  Based on this method, the most populated countries are least at-risk for a bioterrorism 

attack.  The one country that does not follow this trend is Japan, whose ranking is sixth.  Japan 

has a large amount of its population living in the cities and the bed-physician ratio is very high.  

With these values substituted into equations, Japan’s score for each of the five diseases is much 

larger than that of the other nine most populous countries.  Therefore, when calculating the AHP, 

Guiasu, and Yen scores, the large values substituted only compound to result in a large score.  

When looking at only these ten countries, it can be presumed that the percentage of the 

population living in the major cities and the bed-physician ratio have a large bearing on the score 

for a country’s vulnerability to a given infectious agent.  Specifically, the larger the percentage 

of the population living in major cities and the larger the bed-physician ratio, the more at risk a 

country is to a bioterrorism attack.  See Appendix I, Figure 1. 

 For the top ten most at-risk countries, there is a large decrease in score from the most at-

risk country, Tanzania, to the second most at-risk country, Mozambique.  This score decrease is 

nearly eighty percent, going from 1.0 to approximately 0.2135.  This large decrease is due to the 

large difference in the bed-physician ratio, with Tanzania having a bed-physician ratio of 137.5 

and Mozambique having a bed-physician ratio of 29.63.  Similarly, the top ten most at-risk 

countries for a bioterrorism attack all have very high bed-physician ratios.  As seen with Japan, 

high bed-physician ratios contribute greatly to the vulnerability score of country to a given 

infectious agent.  See Appendix I, Figure 2. 

 Additionally, the expert opinions utilized in the determination of the AHP, Guiasu, and 

Yen equations were used in the fuzzy set analysis.  From these calculations, relationships 

between the diseases and consensus among the experts were determined. 

 First, gi, or the mean degree to which one infectious agent is preferred to all other agents, 

indicates that smallpox and Ebola are equally preferred over all other infectious agents by a 

considerable margin.  The mean degree to with anthrax and plague are preferred to all other 

diseases is one-third of that for smallpox and Ebola, but this indicates that anthrax and plague 

still are favored in use for a bioterrorism attack.  While the mean degree to which botulism was 
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preferred to all other diseases is 0, this does not indicate that botulism is not a biological agent 

that poses a considerable threat.  It merely indicates that of the five diseases considered in this 

analysis, botulism is the least favorable. 

Second, when calculating the relation Q, or the degree to which one disease is preferred 

to all other diseases, it was found that smallpox is favored over the other four diseases with an 

intensity of 0.9.  This was also the case for Ebola.  Based on characteristics of smallpox and 

Ebola, this outcome makes sense.  Smallpox does not have a high lethality rate, but it does have 

a high degree of person-to-person transmission whereas the other agents have moderate or no 

person-to-person transmission.  There is no treatment for smallpox since it is a virus.  Moreover, 

since it has been eradicated and vaccinations are no longer administered, many people would be 

susceptible to smallpox.  Reinforcing the idea that smallpox is a deadly infectious agent for use 

in a bioterrorism attack , smallpox is also one of the few diseases against which the United States 

has taken precautionary efforts (i.e. treatment and vaccine stockpiling) (www.nytimes.com). 

 Ebola has a reputation for striking fast and causing devastating results.  It has a high 

lethality rate and is a virus, so there is no cure for an Ebola infection.  Healthcare workers can 

only administer treatment that lessens the severity of the symptoms and wait out the course of the 

disease.  While Ebola only has a moderate level of person-to-person transmission, it is easily 

passed through exposure to bodily fluids.  The quick onset and duration of the disease also make 

Ebola a favorable infectious agent for use in a bioterrorism attack because it can cause much 

damage in a short time.  The downside, however, is that symptoms of a viral hemorrhagic fever 

are easily diagnosable and precautionary measures will be taken very quickly, halting possible 

spread of the disease. 

 Third, from the preference relation >, it was determined which diseases are preferable for 

use in a bioterrorism attack over other diseases.  This preference is based on how devastating an 

unchecked release and spread of the given disease would be.  Specifically, smallpox is preferred 

over anthrax and botulism and slightly preferred over plague.  Plague is preferred over botulism, 

and anthrax is preferred only slightly over botulism.  Finally, Ebola is preferred over smallpox, 

anthrax, and botulism, and preferred slightly over plague.  Based on these relations, it can be 

concluded that Ebola would be the disease of preference for use in bioterrorism attack since it is 

preferred to all other diseases, with smallpox being a close second since it is preferred over three 

out of the four remaining diseases for consideration.  The results of the preference relations 

correspond with the findings from the gi and the relation Q calculations, which showed that 

Ebola and smallpox are preferred to all other infectious agents. 

 Finally, the degree of consensus between the experts when they agree the severity of an 

infectious agent exactly is 23%.  The degree of consensus between the experts when they agree 

on the severity of an infectious agent within one ranking point is 77%.  While the latter 

evaluation considers agreement of the experts within a 40% range and is not statistically 

significant, it is the degree of consensus that is of more interest regarding this paper.  Because 

the experts agree within one ranking point on the severity of a disease about 77% of the time, it 

can subsequently be concluded that all the experts agree that an untreated epidemic of the given 

infectious agent in conditions conducive to the proliferation of the agent would be of 

approximately similar severity.  Consequently, the experts would all regard an outbreak of each 

of the five infectious agents in a similar fashion and would most likely take similar courses of 

action to combat an outbreak.  The degree of consensus of 77% also indicates that the expert 

opinions are valid for use in this bioterrorism vulnerability assessment because there are no 

extreme outliers in the experts’ opinions when comparing them with each other. 
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Future Plans 

 Future plans for this research paper include expanding analysis to all countries and also 

taking into consideration the likelihood of a bioterrorism attack as suggested by Ackerman and 

Moran.  This includes motivation for an attack and capability of attackers to succeed.  Factors 

will have to be determined and expert opinions from political science and international relations 

departments will be utilized.  This plan reworks the relation of factors as seen in the diagram 

below. 

 
 

In addition to the physical harm of an infectious agent, Ackerman and Moran also state 

that the psychological health of a population should be considered.  The psychological effects of 

a bioterrorism attack on a population cannot be ignored, but there also is no concrete data on this 

topic.  Since there have not been many well documented cases of bioterrorism from which this 

information could be compiled and analyzed statistically, use of hypothetical values would not 

be beneficial in this paper’s analysis.  This aspect of a bioterrorism paper, however, will be 

considered in future expansions of this paper.  

Country's 
Bioterrorism Attack 

Vulnerability 

Country's 
vulnerability to a 

given infectious agent 

Vulnerability during 
smallpox outbreak 

Vulnerability during 
anthrax outbreak 

Vulnerability during 
Ebola outbreak 

Vulnerability during 
plague outbreak 

Vulnerability during 
botulism outbreak 

Likelihood of an 
attack 

Motivation for attack 

Capability for attack 
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The calculations for a country’s vulnerability to a given infectious agent may be 

modified, depending on if additional factors will be considered or if data values change.  

Similarly, there is also the possibility of incorporating other mathematical analysis methods to 

develop a more comprehensive interpretation of the data.  
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Appendix A 

 

Hospital Bed Density* Provides the number of hospital beds per 1,000 people; it serves 

as a general measure of inpatient service availability.  Hospital 

beds include inpatient beds available in public, private, general, 

and specialized hospitals and rehabilitation centers.  In most cases, 

beds for both acute and chronic care are included 

 

Physicians density* The number of medical doctors (physicians), including generalists 

and specialist medical practitioners, per 1,000 of the population.  

Medical doctors are defined as doctors that study, diagnose, treat, 

and prevent illness, disease, injury, and other physical and mental 

impairments in humans through the application of modern 

medicine.  They also plan, supervise, and evaluate care and 

treatment plans by other health care providers. 

 

Population* An estimate from the U.S. Bureau of the Census based on 

statistics from population censuses, vital statistics registration 

systems, or sample surveys pertaining to the recent past and on 

assumptions about future trends. 

 

Population – Major Cities* Include the capital and up to four major cities defined as urban 

agglomerations with populations of at least 750,000 people.  An 

urban agglomeration is defined as comprising the city or town 

proper and also the suburban fringe or thickly settled territory 

lying outside of, but adjacent to, the boundaries of the city. 

 

Urbanization* Describes the percentage of the total population living in urban 

areas as defined by the country. 

 

Biosafety Level 2
+
 Biosafety Level 2… is suitable for work involving agents that 

pose moderate hazards to personnel and the environment. 

 

Biosafety Level 4
+
 Biosafety Level 4 is required for work with dangerous and exotic 

agents that pose a high individual risk of aerosol-transmitted 

laboratory infections and life-threatening disease that is frequently 

fatal, for which there are no vaccines or treatments, or a related 

agent with unknown risk of transmission. 

 

 

 

* Definitions as provided by the CIA World Factbook (www.cia.gov) 
+  

Definitions as provided by Biosafety in Microbiological and Biomedical Laboratories 

(www.cdc.gov)
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Appendix B

 

Each statistic for vulnerability during a given disease outbreak is comprised of the factors 

combined using the equation described in the paper.  The factors that are considered in score 

determination are illustrated below. 

 

 

Country Vulnerability 

Vulnerability during 
smallpox outbreak 

(F1) 

Vulnerability during 
anthrax outbreak 

(F2) 

Vulnerability during 
ebola outbreak 

(F3) 

Vulnerability during 
plague outbreak 

(F4) 

Vulnerability during 
botulism outbreak 

(F5) 

Vulnerability during given 
infectious agent outbreak 

(Fi) 

Country Data 

urbanization 

% population <14 y/o 

% population >65 y/o 

% population in major 
cities 

physician density 

hospital bed density 

Disease Data 

average incubation period 

average duration 

degree of person-to-
person transmission 

lethality if untreated 

Paper 3 Quest: A Journal of Undergraduate Research Page 86



A
p
p
en

d
ix

 C
  

A
g
en

t 
N

am
e 

(s
ci

en
ti

fi
c)

 

A
g
en

t 

T
y
p
e 

L
et

h
al

it
y
 

In
cu

b
at

io
n

 

D
u
ra

ti
o
n
 

(a
v
er

ag
e)

 

P
er

so
n
-t

o
-p

er
so

n
 

T
ra

n
sm

is
si

o
n
 

T
re

at
m

en
t 

A
v
ai

la
b
le

 

S
m

al
lp

o
x
 

  
  
 (

V
a
ri

o
la

 m
a
jo

r)
 

v
ir

u
s 

3
0
%

 
7
-1

7
 d

a
y
s 

(1
2
) 

4
 w

ee
k
s 

h
ig

h
 

y
es

 
 A

n
th

ra
x

 

  
  
 (

B
a
ci

ll
u
s 

a
n
th

ra
ci

s)
 

b
ac

te
ri

a 
>

9
0
%

 
1
-6

 d
a
y
s 

(3
.5

) 

3
-5

 d
a
y
s 

(4
 d

a
y
s)

 
n
o
n
e 

y
es

 
 E

b
o
la

 

  
  
 (

v
ir

al
 h

em
o
rr

h
ag

ic
 f

ev
er

) 
v
ir

u
s 

9
0
%

 
4
-2

1
 d

a
y
s 

(1
2
.5

) 

7
-1

6
 d

a
y
s 

(1
1

.5
 d

a
y
s)

 
m

o
d
er

at
e 

n
o
 

 P
la

g
u
e 

  
  
 (

Y
er

si
n
ia

 p
es

ti
s)

 
b
ac

te
ri

a 
>

9
0
%

 
2
-3

 d
a
y
s 

(2
.5

) 

1
-6

 d
a
y
s 

(3
.5

 d
a
y
s)

 
m

o
d
er

at
e 

y
es

 
 B

o
tu

li
sm

 

  
  
 (

C
lo

st
ri

d
iu

m
 b

o
tu

li
n
u
m

) 
to

x
in

 
>

9
0
%

 
1
2
 h

o
u
rs

-5
 d

a
y
s 

(2
.7

5
) 

2
4

-7
2
 h

o
u
rs

 

(2
 d

a
y
s)

 
n
o
n
e 

y
es

 

 
 

 
 

 
 

 
  A

g
en

t 
N

am
e 

(s
ci

en
ti

fi
c)

 

A
g
en

t 

T
y
p
e 

L
et

h
al

it
y
 

In
cu

b
at

io
n

 
D

u
ra

ti
o
n
 

P
er

so
n
-t

o
-p

er
so

n
 

T
ra

n
sm

is
si

o
n
 

T
re

at
m

en
t 

A
v
ai

la
b
le

 

S
m

al
lp

o
x
 

  
  
 (

V
a
ri

o
la

 m
a
jo

r)
 

v
ir

u
s 

0
.3

0
 

0
.4

 
1
 

4
 

0
.5

 
 A

n
th

ra
x

 

  
  
 (

B
a
ci

ll
u
s 

a
n
th

ra
ci

s)
 

b
ac

te
ri

a 
0
.9

0
 

0
.1

1
6
7

 
0
.1

3
3
3

 
1
 

0
.5

 
 E

b
o
la

 

  
  
 (

v
ir

al
 h

em
o
rr

h
ag

ic
 f

ev
er

) 
v
ir

u
s 

0
.9

0
 

0
.4

1
6
7

 
0
.3

8
3
3

 
3
 

1
 

 P
la

g
u
e 

  
  
 (

Y
er

si
n
ia

 p
es

ti
s)

 
b
ac

te
ri

a 
0
.9

0
 

0
.0

8
3
3

 
0
.1

1
6
7

 
3
 

0
.5

 
 B

o
tu

li
sm

 

  
  
 (

C
lo

st
ri

d
iu

m
 b

o
tu

li
n
u
m

) 
to

x
in

 
0
.9

0
 

0
.0

9
1
7

 
0
.0

6
6
7

 
1
 

0
.5

 

  D
at

a 
fr

o
m

 L
iv

in
g
 W

ea
p
o
n
s:

 B
io

lo
g
ic

a
l 

W
a
rf

a
re

 a
n
d
 I

n
te

rn
a
ti

o
n
a
l 

S
ec

u
ri

ty
 b

y
 G

re
g
o
ry

 D
. 

K
o
b
le

n
tz

 

P
ap

er
 3

Q
u

es
t:

 A
 J

o
u

rn
al

 o
f 

U
n

d
er

g
ra

d
u

at
e 

R
es

ea
rc

h
P
ag

e 
8
7



C
o
u
n
tr

y
 

U
rb

 
P

o
p
 <

1
4
 y

/o
 

P
o
p
 >

6
5
 y

/o
 

%
 m

aj
 c

it
ie

s 
P

h
y
s 

D
en

si
ty

 
B

ed
 D

en
si

ty
 

C
h
in

a 
4
7
%

 
1
7
.6

0
%

 
8
.9

0
%

 
4
.1

7
%

 
1
.4

1
5
 

4
.0

6
 

In
d
ia

 
3
0
%

 
2
9
.7

0
%

 
5
.5

0
%

 
5
.9

1
%

 
0
.5

9
9
 

0
.9

 

U
n
it

ed
 S

ta
te

s 
8
2
%

 
2
0
.1

0
%

 
1
3
.1

0
%

 
1
6
.3

3
%

 
2
.6

7
2
 

3
.1

 

In
d
o
n
es

ia
 

4
4
%

 
2
7
.3

0
%

 
6
.1

0
%

 
7
.0

3
%

 
0
.2

8
8
 

0
.6

 

B
ra

zi
l 

8
7
%

 
2
6
.2

0
%

 
6
.7

0
%

 
2
2
.0

4
%

 
1
.7

2
 

2
.4

 

P
ak

is
ta

n
 

3
6
%

 
3
5
.4

0
%

 
4
.2

0
%

 
1
3
.6

5
%

 
0
.8

1
3
 

0
.6

 

N
ig

er
ia

 
5
0
%

 
4
0
.9

0
%

 
3
.1

0
%

 
1
1
.5

5
%

 
0
.3

9
5
 

0
.5

3
 

B
an

g
la

d
es

h
 

2
8
%

 
3
4
.3

0
%

 
4
.7

0
%

 
1
3
.3

8
%

 
0
.2

9
5
 

0
.4

 

R
u
ss

ia
 

7
3
%

 
1
5
.2

0
%

 
1
3
%

 
1
3
.8

3
%

 
4
.3

0
8
9
 

9
.6

6
 

Ja
p
an

 
6
7
%

 
1
3
.1

0
%

 
2
2
.9

0
%

 
4
4
.4

2
%

 
2
.0

6
3
 

1
3
.7

5
 

M
ex

ic
o
 

7
8
%

 
2
8
.2

0
%

 
6
.6

0
%

 
2
7
.3

1
%

 
2
.8

9
3
 

1
.6

 

P
h
il

ip
p
in

es
 

4
9
%

 
3
4
.6

0
%

 
4
.3

0
%

 
1
4
.0

7
%

 
1
.1

5
3
 

0
.5

 

E
th

io
p
ia

 
1
7
%

 
4
6
.3

0
%

 
2
.7

0
%

 
3
.0

5
%

 
0
.0

2
2
 

0
.1

8
 

V
ie

tn
am

 
3
0
%

 
2
5
.2

0
%

 
5
.5

0
%

 
1
2
.4

5
%

 
1
.2

2
4
 

2
.8

7
 

E
g
y
p
t 

4
3
.4

0
%

 
3
2
.7

0
%

 
4
.5

0
%

 
1
8
.2

7
%

 
2
.8

3
 

1
.7

 

G
er

m
an

y
 

7
4
%

 
1
3
.3

0
%

 
2
0
.6

0
%

 
9
.3

2
%

 
3
.5

3
1
 

8
.1

7
 

T
u
rk

ey
 

7
0
%

 
2
6
.6

0
%

 
6
.3

0
%

 
2
4
.8

3
%

 
1
.4

5
1
 

2
.4

1
 

Ir
an

 
7
1
%

 
2
4
.1

0
%

 
5
%

 
1
8
.3

5
%

 
0
.8

9
 

1
.3

8
 

C
o
n
g
o

 
3
5
%

 
4
4
.4

0
%

 
2
.6

0
%

 
1
7
.8

3
%

 
0
.1

1
 

0
.8

 

T
h
ai

la
n
d
 

3
4
%

 
1
9
.9

0
%

 
9
.2

0
%

 
1
0
.2

9
%

 
0
.2

9
8
 

2
.2

 

F
ra

n
ce

 
8
5
%

 
1
8
.5

0
%

 
1
6
.8

0
%

 
2
3
.3

5
%

 
3
.4

9
7
 

7
.1

1
 

U
n
it

ed
 K

in
g
d
o
m

 
8
0
%

 
1
7
.3

0
%

 
1
6
.5

0
%

 
2
5
.1

6
%

 
2
.7

3
9
 

3
.3

8
 

It
al

y
 

6
8
%

 
1
3
.8

0
%

 
2
0
.3

0
%

 
1
8
.1

6
%

 
4
.2

4
2
 

3
.7

 

B
u
rm

a 
3
4
%

 
2
7
.5

0
%

 
5
%

 
1
1
.4

7
%

 
0
.4

5
7
 

0
.6

 

S
o
u
th

 K
o
re

a
 

8
3
%

 
1
5
.7

0
%

 
1
1
.4

0
%

 
4
0
.4

1
%

 
1
.9

6
7
 

1
2
.2

8
 

S
o
u
th

 A
fr

ic
a 

6
2
%

 
2
8
.5

0
%

 
5
.7

0
%

 
2
9
.3

9
%

 
0
.7

7
 

2
.8

4
 

S
p
ai

n
 

7
7
%

 
1
5
.1

0
%

 
1
7
.1

0
%

 
2
4
.6

6
%

 
3
.7

0
5
 

3
.2

2
 

C
o
lo

m
b
ia

 
7
5
%

 
2
6
.7

0
%

 
6
.1

0
%

 
3
7
.6

0
%

 
1
.3

5
 

1
 

U
k
ra

in
e 

6
9
%

 
1
3
.7

0
%

 
1
5
.5

0
%

 
1
6
.1

1
%

 
3
.1

2
5
4
 

8
.7

3
 

T
an

za
n
ia

 
2
6
%

 
4
2
%

 
2
.9

0
%

 
7
.3

6
%

 
0
.0

0
8
 

1
.1

 

P
ap

er
 3

Q
u

es
t:

 A
 J

o
u

rn
al

 o
f 

U
n

d
er

g
ra

d
u

at
e 

R
es

ea
rc

h
P
ag

e 
8
8



C
o
u
n
tr

y
 

U
rb

 
P

o
p
 <

1
4
 y

/o
 

P
o
p
 >

6
5
 y

/o
 

%
 m

aj
 c

it
ie

s 
P

h
y
s 

D
en

si
ty

 
B

ed
 D

en
si

ty
 

K
en

y
a
 

2
2
%

 
4
2
.2

0
%

 
2
.7

0
%

 
1
0
.0

9
%

 
0
.1

4
 

1
.4

 

A
rg

en
ti

n
a
 

9
2
%

 
2
5
.4

0
%

 
1
1
%

 
4
3
.3

8
%

 
3
.1

5
5
 

4
 

P
o
la

n
d

 
6
1
%

 
1
4
.7

0
%

 
1
3
.7

0
%

 
6
.4

2
%

 
2
.1

4
4
 

6
.6

2
 

U
g
an

d
a
 

1
3
%

 
4
9
.9

0
%

 
2
.1

0
%

 
4
.2

8
%

 
0
.1

1
7
 

0
.3

9
 

A
lg

er
ia

 
6
6
%

 
2
4
.2

0
%

 
5
.2

0
%

 
9
.9

1
%

 
1
.2

0
7
 

1
.7

 

C
an

ad
a 

8
1
%

 
1
5
.7

0
%

 
1
5
.9

0
%

 
3
9
.8

1
%

 
1
.9

1
3
2
 

3
.4

 

S
u
d
an

 
4
0
%

 
4
2
.1

0
%

 
2
.7

0
%

 
1
4
.6

8
%

 
0
.2

8
 

0
.7

 

M
o
ro

cc
o

 
5
8
%

 
2
7
.8

0
%

 
6
.1

0
%

 
2
3
.9

7
%

 
0
.6

2
 

1
.1

 

Ir
aq

 
6
6
%

 
3
8
%

 
3
.1

0
%

 
3
2
.0

1
%

 
0
.6

9
 

1
.3

 

A
fg

h
an

is
ta

n
 

2
3
%

 
4
2
.3

0
%

 
2
.4

0
%

 
1
1
.7

5
%

 
0
.2

1
 

0
.4

 

N
ep

al
 

1
9
%

 
3
4
.6

0
%

 
4
.4

0
%

 
3
.3

1
%

 
0
.2

1
 

5
 

P
er

u
 

7
7
%

 
2
8
.5

0
%

 
6
.4

0
%

 
3
2
.3

1
%

 
0
.9

2
 

1
.5

 

M
al

ay
si

a
 

7
2
%

 
2
9
.6

0
%

 
5
%

 
1
2
.0

7
%

 
0
.9

4
1
 

1
.8

2
 

U
zb

ek
is

ta
n

 
3
6
%

 
2
6
.5

0
%

 
4
.7

0
%

 
7
.7

5
%

 
2
.6

1
7
 

4
.8

3
 

V
en

ez
u
el

a 
9
3
%

 
2
9
.5

0
%

 
5
.4

0
%

 
3
2
.5

9
%

 
1
.9

4
 

1
.3

 

S
au

d
i 

A
ra

b
ia

 
8
2
%

 
2
9
.4

0
%

 
3
%

 
4
3
.1

5
%

 
0
.9

3
9
 

2
.2

 

G
h
an

a
 

5
1
%

 
3
6
.5

0
%

 
3
.6

0
%

 
1
6
.0

1
%

 
0
.0

8
5
 

0
.9

3
 

Y
em

en
 

3
2
%

 
4
3
%

 
2
.6

0
%

 
9
.0

0
%

 
0
.3

 
0
.7

 

N
o
rt

h
 K

o
re

a
 

6
0
%

 
2
2
.4

0
%

 
9
.1

0
%

 
1
1
.1

5
%

 
3
.2

9
 

1
3
.2

 

M
o
za

m
b
iq

u
e 

3
8
%

 
4
5
.9

0
%

 
3
%

 
9
.9

9
%

 
0
.0

2
7
 

0
.8

 

  D
at

a 
fr

o
m

 t
h
e 

C
IA

 W
o
rl

d
 F

ac
tb

o
o
k

 

  
 

P
ap

er
 3

Q
u

es
t:

 A
 J

o
u

rn
al

 o
f 

U
n

d
er

g
ra

d
u

at
e 

R
es

ea
rc

h
P
ag

e 
8
9



Appendix D  

 

E1     Denise Kossuth, R.N. Registered Nurse 

Instructor, Medical Careers, DCTS 

 

E2     Mary Flanagan, M.S., R.N. Registered Nurse 

Instructor, Health Occupations, DCTS 

 

E3     Sheila Kingston, R.N. Registered Nurse 

Instructor, Health Occupations, DCTS 

 

E4     Steven Hinrichs, M.D. Pathology and Microbiology Department Chair, UNMC 

Professor, UNMC 

Director of Microbiology and Virology, UNMC 

Director, Nebraska Public Health Laboratory 

 

E5     Diann Hopely, R.N. Registered Nurse 

Instructor, Health Occupations, DCTS 

 

E6     Chris Sekul, R.N. Registered Nurse 

Instructor, Medical Careers, DCTS 

 

E7     Tammy L. Kielian, Ph.D. Professor, Pathology and Microbiology Department, UNMC 

 

 

 

University of Nebraska Medical Center (UNMC) located in Omaha, Nebraska is Nebraska’s only 

public academic health sciences center.  The university’s primary care, rural health medicine, 

physician assistant, physical therapy, pharmacy, and nursing master’s programs were recently 

ranked among the top in the country by U.S. News & World Report.  (courtesy of 

www.unmc.edu) 

 

The Medical Careers and Health Occupations programs are offered at Delaware County 

Technical Schools (DCTS) located in Delaware County, Pennsylvania (southeastern 

Pennsylvania).  The programs introduce high school students to the health sciences and related 

professions.  (courtesy of www.delcotech.org) 
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Appendix E 

 

Name: ____________________  Title: _____________________ 

 

Below are five diseases (smallpox, anthrax, ebola, plague, and botulism).  Please rank each 

disease as “Extremely Dangerous,” “Moderately Dangerous,” “Dangerous,” “Slightly 

Dangerous,” or “Not Dangerous” based on how devastating you believe an untreated epidemic of 

the given disease would be in conditions conducive to the proliferation of the given infectious 

agent. 

 

Smallpox (Variola) 

 Extremely Dangerous 

 Moderately Dangerous 

 Dangerous 

 Slightly Dangerous 

 Not Dangerous 

 

Anthrax (Bacillus anthracis) 

 Extremely Dangerous 

 Moderately Dangerous 

 Dangerous 

 Slightly Dangerous 

 Not Dangerous 

 

Ebola (Viral hemorrhagic fever) 

 Extremely Dangerous 

 Moderately Dangerous 

 Dangerous 

 Slightly Dangerous 

 Not Dangerous 

 

Plague (Yersinia pestis) 

 Extremely Dangerous 

 Moderately Dangerous 

 Dangerous 

 Slightly Dangerous 

 Not Dangerous 

 

Botulism (Clostridium botulinum) 

 Extremely Dangerous 

 Moderately Dangerous 

 Dangerous 

 Slightly Dangerous 

 Not Dangerous 

 

Thank you for your help with this research paper.  Your assistance is greatly appreciated.  
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Appendix F 
 

The AHP method calculations are as follows: 

For all i = 1, 2, 3, 4, 5, let    
 

 
                              

where bi is the average of all the elements of the ith row 
 

Then,  

   
 

 
                

   
 

 
                

   
 

 
                

   
 

 
                

   
 

 
                

    and        
 
               

For all i = 1, 2, 3, 4, 5, let    
  

 
 

 where wi is the weight of factor Fi 
 

Then,   

   
          

          
           

   
          

          
           

   
          

          
           

   
          

          
           

   
          

          
           

 

 

Thus, G
+
 = (0.23134328)F1 + (0.18656716)F2 + (0.23880597)F3 + (0.20149254)F4 

+ (0.1479104)F5 
 

The Guiasu method calculations are as follows: 

For all j = 1, 2, 3, 4, 5, 6, 7, let                        

 where xj is the sum of the elements of the jth column 
 

Then,  

      
      
      
      
      
      
      

 

 

For all i = 1, 2, 3, 4, 5;  j = 1, 2, 3, 4, 5, 6, 7, let     
   

  
 

This results in the matrix C such that 

  

                                                                                                                                   
  
  
  
  
   

 
 
 
 
                                                                      
                                                                      
                                                                      
                                                                      
                                                                       

 
 
 
 
 

 

For all i = 1, 2, 3, 4, 5, let    
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where di is the average of all the elements of the ith row and di is the weight of 

each factor 
 

Then,  

             
             
             
             
             

 

 

Thus, G
+
 = (0.23414868)F1 + (0.18495915)F2 + (0.23992611)F3 + (0.19866224)F4 

+ (0.14230381)F5 
 

The Yen method calculations are as follows: 

For all j = 1, 2, 3, 4, 5, 6, 7, let yj be the largest element in the jth column. 
 

Then,  

      
      
      
      
      

 

 

For all i = 1, 2, 3, 4, 5;  j = 1, 2, 3, 4, 5, 6, 7, let     
   

  
 

This results in the matrix E such that 

  

                       
  
  
  
  
   

 
 
 
 
                     
                      
                     
                      
                       

 
 
 
 
 

 

For all i = 1, 2, 3, 4, 5, let    
 

 
                              

where di is the average of all the elements of the ith row 
 

Then,  

             
             
             
             
             

    and       
 
               

 

For all i = 1, 2, 3, 4, 5, let    
  

 
 

 where wi is the weight of factor Fi 
 

Then,  

             
             
             
             
             

     

 

Thus, G
+
 = (0.23239437)F1 + (0.18544601)F2 + (0.23943662)F3 + (0.19953052)F4 

+ (0.14319249)F5  
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Appendix G  

 

 

Paper 3 Quest: A Journal of Undergraduate Research Page 94



 

Paper 3 Quest: A Journal of Undergraduate Research Page 95



 

 

 

Paper 3 Quest: A Journal of Undergraduate Research Page 96



 

 

Paper 3 Quest: A Journal of Undergraduate Research Page 97



 

 

Paper 3 Quest: A Journal of Undergraduate Research Page 98



 

 

Paper 3 Quest: A Journal of Undergraduate Research Page 99



 

 
 

Computer programs utilized in calculation of AHP, Guiasu, and Yen equations, values, and 

rankings provided by Dr. Davender Malik, Professor, Mathematics Department, Creighton 

University. 
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Appendix H 

 

For the outranking relation S, the matrix can be interpreted as follows: 

F1 is not worse than F2 with an intensity of 0.7143 

F3 with an intensity of 0.1429 

F4 with an intensity of 0.5714 

F5 with an intensity of 0.8571 
 

F2 is not worse than F1 with an intensity of 0.1429 

F3 with an intensity of 0  

F4 with an intensity of 0.1429 

F5 with an intensity of 0.5714 
 

F3 is not worse than F1 with an intensity of 0.2857 

F2 with an intensity of 0.7143 

F4 with an intensity of 0.5714 

F5 with an intensity of 1  
 

F4 is not worse than F1 with an intensity of 0.1429 
F2 with an intensity of 0.4286 

F3 with an intensity of 0  

F5 with an intensity of 0.7143 
 

F5 is not worse than F1 with an intensity of 0  

F2 with an intensity of 0  

F3 with an intensity of 0  

F4 with an intensity of 0  
 

For the indifference relation I, the matrix can be interpreted as follows: 

F1 and F2 are indifferent with an intensity of 0.1429 

F3 are indifferent with an intensity of 0.1429 

F4 are indifferent with an intensity of 0.1429 

F5 are indifferent with an intensity of 0 
 

F2 and F1 are indifferent with an intensity of 0.1429 

F3 are indifferent with an intensity of 0 

F4 are indifferent with an intensity of 0.1429 

F5 are indifferent with an intensity of 0 
 

F3 and F1 are indifferent with an intensity of 0.1429 

F2 are indifferent with an intensity of 0 

F4 are indifferent with an intensity of 0 

F5 are indifferent with an intensity of 0 
 

F4 and F1 are indifferent with an intensity of 0.1429 

F2 are indifferent with an intensity of 0.1429 

F3 are indifferent with an intensity of 0 

F5 are indifferent with an intensity of 0 
 

F5 and F1 are indifferent with an intensity of 0 

F2 are indifferent with an intensity of 0 

F3 are indifferent with an intensity of 0 
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F4 are indifferent with an intensity of 0 
 

For the incompatibility relation R, the matrix can be interpreted as follows: 

F1 and F2 are incomparable with an intensity of 0.2857 

F3 are incomparable with an intensity of 0.7143 

F4 are incomparable with an intensity of 0.4286 

F5 are incomparable with an intensity of 0.1429 
 

F2 and F1 are incomparable with an intensity of 0.2857 

F3 are incomparable with an intensity of 0.2857 

F4 are incomparable with an intensity of 0.5714 

F5 are incomparable with an intensity of 0.4286 
 

F3 and F1 are incomparable with an intensity of 0.7143 

F2 are incomparable with an intensity of 0.2857 

F4 are incomparable with an intensity of 0.4286 

F5 are incomparable with an intensity of 0 
 

F4 and F1 are incomparable with an intensity of 0.4286 

F2 are incomparable with an intensity of 0.5714 

F3 are incomparable with an intensity of 0.4286 

F5 are incomparable with an intensity of 0.2857 
 

F5 and F1 are incomparable with an intensity of 0.1429 

F2 are incomparable with an intensity of 0.4286 

F3 are incomparable with an intensity of 0 

F4 are incomparable with an intensity of 0.2857 
 

For the preference relation >, the matrix can be interpreted as follows: 

F1 is preferred to F2 with an intensity of 0.7143 

F3 with an intensity of 0.1429 

F4 with an intensity of 0.5714 

F5 with an intensity of 0.8571 
 

F2 is preferred to F1 with an intensity of 0.1429 

F3 with an intensity of 0 

F4 with an intensity of 0.1429 

F5 with an intensity of 0.5714 
 

F3 is preferred to F1 with an intensity of 0.2857 

F2 with an intensity of 0.7143 

F4 with an intensity of 0.5714 

F5 with an intensity of 1 
 

F4 is preferred to F1 with an intensity of 0.1429 

F2 with an intensity of 0.4286 

F3 with an intensity of 0 

F5 with an intensity of 0.7143 
 

F5 is preferred to F1 with an intensity of 0 

F2 with an intensity of 0 

F3 with an intensity of 0 

F4 with an intensity of 0 
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For the non-preference relation ~, the matrix can be interpreted as follows: 

F1 and F2 cannot be discriminated between with an intensity of 0.2857 

F3 cannot be discriminated between with an intensity of 0.7143 

F4 cannot be discriminated between with an intensity of 0.4286 

F5 cannot be discriminated between with an intensity of 0.1429 
 

F2 and F1 cannot be discriminated between with an intensity of 0.2857 

F3 cannot be discriminated between with an intensity of 0.2857 

F4 cannot be discriminated between with an intensity of 0.5714 

F5 cannot be discriminated between with an intensity of 0.4286 
 

F3 and F1 cannot be discriminated between with an intensity of 0.7143 

F2 cannot be discriminated between with an intensity of 0.2857 

F4 cannot be discriminated between with an intensity of 0.4286 

F5 cannot be discriminated between with an intensity of 0 
 

F4 and F1 cannot be discriminated between with an intensity of 0.4286 

F2 cannot be discriminated between with an intensity of 0.5714 

F3 cannot be discriminated between with an intensity of 0.4286 

F5 cannot be discriminated between with an intensity of 0.2857 
 

F5 and F1 cannot be discriminated between with an intensity of 0.1429 

F2 cannot be discriminated between with an intensity of 0.4286 

F3 cannot be discriminated between with an intensity of 0 

F4 cannot be discriminated between with an intensity of 0.2857 
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Appendix I 

 

Figure 1: Bioterrorism vulnerabilities scores determined by AHP, Guiasu, and Yen methods for 

the ten most populous countries (decreasing population size from left to right) 

 
 

 

Figure 2: Bioterrorism vulnerability scores determined by AHP, Guiasu, and Yen methods for 

the ten most at-risk countries (decreasing vulnerability from left to right) 
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Figure 3: Bioterrorism vulnerability scores determined by AHP, Guiasu, and Yen methods for 

the five permanent member countries of the United Nations Security Council 

(decreasing vulnerability from left to right) 
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Appendix J 

 

Figure 1: Map indicating locations of the fifty countries considered in this analysis 

 
 

 

Figure 2: Map indicating the locations of the ten most populous countries 
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Figure 3: Map indicating the locations of the ten most at-risk countries to a bioterrorism attack 
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A	
  Christian,	
  a	
  Hindu,	
  and	
  a	
  Jew	
  walk	
  into	
  a	
  bar.	
  The	
  three	
  individuals	
  discuss	
  

their	
  day,	
  their	
  relationships,	
  and	
  their	
  jobs,	
  but	
  never	
  their	
  religion.	
  They	
  work,	
  

talk,	
  and	
  play	
  in	
  a	
  world	
  where	
  productive	
  interreligious	
  dialogue	
  is	
  undermined	
  by	
  

intolerance,	
  misunderstanding,	
  and	
  a	
  lack	
  of	
  education.	
  Understanding	
  global	
  

religions	
  is	
  a	
  daunting	
  task,	
  but—as	
  with	
  any	
  multifaceted	
  project—looking	
  to	
  

principles	
  by	
  way	
  of	
  analogy	
  may	
  provide	
  a	
  helpful	
  tool.	
  	
  

Human	
  language	
  can	
  provide	
  that	
  analogy.	
  Steven	
  Pinker,	
  a	
  world-­‐renown	
  

psycholinguist	
  in	
  his	
  books,	
  The	
  Language	
  Instinct	
  and	
  The	
  Stuff	
  of	
  Thought,	
  

theorizes	
  that	
  language	
  is	
  simply	
  a	
  human	
  instinct	
  and	
  an	
  aspect	
  of	
  human	
  nature.	
  It	
  

is	
  my	
  proposal	
  that	
  Pinker’s	
  language	
  theory	
  is	
  an	
  effective	
  tool	
  for	
  interreligious	
  

dialogue.	
  	
  I	
  will	
  show	
  this	
  by	
  first	
  outlining	
  the	
  theory	
  and	
  then,	
  in	
  a	
  hopeful	
  attempt	
  

to	
  make	
  religious	
  bar	
  talk	
  just	
  a	
  bit	
  easier,	
  applying	
  the	
  theory	
  to	
  the	
  project	
  of	
  

interreligious	
  dialogue.	
  

Steven	
  Pinker	
  bases	
  his	
  work	
  on	
  the	
  idea	
  that,	
  contrary	
  to	
  popular	
  belief,	
  

language	
  is	
  not	
  a	
  human	
  invention,	
  but	
  rather	
  a	
  human	
  instinct—we	
  learn	
  and	
  

instinctively	
  are	
  drawn	
  into	
  language.	
  It	
  is	
  only	
  when	
  you	
  address	
  the	
  principles	
  of	
  

language	
  at	
  its	
  most	
  basic	
  level	
  that	
  one	
  can	
  use	
  language	
  as	
  a	
  window	
  into	
  human	
  

nature.	
  

Pinker	
  begins	
  The	
  Language	
  Instinct,	
  by	
  addressing	
  “The	
  Instinct	
  to	
  Acquire	
  

an	
  Art.”	
  Everyone	
  strives	
  to	
  be	
  good	
  at	
  something.	
  Human	
  beings	
  are	
  constantly	
  

searching	
  for	
  what	
  is	
  fascinating	
  and	
  advantageous.	
  As	
  people	
  living	
  in	
  community,	
  

we	
  are	
  continuously	
  surrounded	
  by	
  the	
  skills	
  of	
  others	
  that	
  inspire	
  us	
  to	
  learn.	
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Pinker	
  argues	
  that	
  language	
  is	
  one	
  of	
  humankind’s	
  most	
  astounding	
  and	
  beautiful	
  

arts,	
  and	
  that	
  is	
  the	
  case	
  because	
  of	
  the	
  myriad	
  of	
  advantages	
  language	
  provides.	
  	
  

One	
  of	
  the	
  most	
  interesting	
  advantages	
  of	
  language,	
  according	
  to	
  Pinker,	
  is	
  

the	
  phenomenon	
  of	
  understanding.	
  To	
  be	
  able	
  to	
  put	
  letters—these	
  shapes	
  human	
  

beings	
  created	
  long	
  ago—together	
  to	
  make	
  words	
  and	
  then	
  sentences	
  is	
  a	
  

remarkable	
  feat.	
  It	
  is	
  not	
  because	
  words	
  are	
  astounding	
  in	
  themselves,	
  rather	
  when	
  

put	
  together	
  they	
  have	
  the	
  ability	
  to	
  change	
  someone’s	
  perspective.	
  Pinker	
  insists	
  

that	
  to	
  help	
  someone	
  understand	
  is	
  an	
  art	
  in	
  and	
  of	
  itself,	
  and	
  it	
  is	
  no	
  wonder	
  we	
  

strive	
  to	
  achieve	
  that	
  communicative	
  power.	
  One	
  becomes	
  more	
  aware	
  of	
  the	
  

importance	
  of	
  this	
  gift	
  when	
  trying	
  to	
  relay	
  information	
  to	
  someone	
  who	
  speaks	
  

another	
  language.	
  “Simply	
  by	
  making	
  noises	
  with	
  our	
  mouths,	
  we	
  can	
  reliably	
  cause	
  

precise	
  new	
  combinations	
  of	
  ideas	
  to	
  arise	
  in	
  each	
  other’s	
  minds.	
  The	
  ability	
  comes	
  

so	
  naturally	
  that	
  we	
  are	
  apt	
  to	
  forget	
  what	
  a	
  miracle	
  it	
  is.”1	
  By	
  beginning	
  with	
  

language	
  as	
  an	
  art,	
  an	
  art	
  with	
  the	
  power	
  to	
  communicate	
  understanding,	
  one	
  can	
  

better	
  recognize	
  the	
  natural	
  attraction	
  to	
  the	
  skill	
  of	
  language.	
  

Another	
  aspect	
  of	
  Pinker’s	
  language	
  as	
  human	
  instinct	
  is	
  that	
  language	
  is	
  a	
  

key	
  component	
  of	
  why	
  we	
  are	
  the	
  way	
  we	
  are.	
  “Language	
  is	
  so	
  tightly	
  woven	
  into	
  

human	
  experience	
  that	
  it	
  is	
  scarcely	
  possible	
  to	
  imagine	
  life	
  without	
  it.	
  Chances	
  are	
  

that	
  if	
  you	
  find	
  two	
  or	
  more	
  people	
  together	
  anywhere	
  on	
  earth,	
  they	
  will	
  soon	
  be	
  

exchanging	
  words.”2	
  Language	
  is	
  more	
  ingrained	
  into	
  our	
  everyday	
  life	
  then	
  we	
  can	
  

ever	
  imagine.	
  Taking	
  away	
  language	
  would	
  mean	
  more	
  than	
  making	
  humans	
  mute.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  Steven	
  Pinker,	
  The	
  Language	
  Instinct	
  (New	
  York:	
  William	
  Morrow	
  and	
  Company,	
  
Inc.,	
  1994),	
  15.	
  
2	
  Pinker,	
  The	
  Language	
  Instinct,	
  17.	
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It	
  would	
  mean	
  taking	
  away	
  signs,	
  books,	
  and	
  every	
  method	
  that	
  humans	
  use	
  to	
  

communicate	
  through	
  the	
  spoken	
  word.	
  When	
  one	
  looks	
  at	
  where	
  language	
  begins,	
  

even	
  before	
  the	
  first	
  Homo	
  sapiens,	
  in	
  comparison	
  to	
  how	
  it	
  has	
  evolved	
  in	
  our	
  

world,	
  the	
  explosive	
  urgency	
  and	
  need	
  for	
  language	
  seems	
  unrivaled.	
  

The	
  underlying	
  concept	
  connecting	
  the	
  human	
  instinct	
  of	
  language—among	
  

the	
  beauty,	
  importance,	
  and	
  necessity—is	
  understanding.	
  Language	
  defines	
  us	
  as	
  a	
  

person	
  within	
  the	
  society	
  of	
  humankind.	
  People	
  do	
  not	
  gravitate	
  towards	
  language	
  

because	
  they	
  find	
  it	
  beautiful	
  or	
  necessary	
  for	
  the	
  world	
  to	
  function,	
  but	
  because	
  it	
  

“lays	
  out	
  the	
  ground	
  rules	
  for	
  how	
  we	
  understand	
  our	
  surroundings,	
  how	
  we	
  assign	
  

credit	
  and	
  blame	
  to	
  our	
  fellows,	
  and	
  how	
  we	
  negotiate	
  our	
  relationships	
  with	
  

them.”3	
  The	
  true	
  magic	
  of	
  language—once	
  we	
  understand	
  that	
  as	
  humans	
  we	
  are	
  

drawn	
  to	
  it—lies	
  within	
  the	
  things	
  it	
  can	
  do	
  and	
  the	
  things	
  it	
  can	
  tell	
  us.	
  

Language	
  allows	
  one	
  to	
  relay	
  information	
  and	
  stories	
  to	
  people,	
  but	
  even	
  

more	
  so,	
  	
  “language	
  is	
  entwined	
  with	
  human	
  life.”	
  It	
  “reflects	
  the	
  way	
  we	
  grasp	
  

reality,	
  the	
  image	
  of	
  ourselves	
  we	
  try	
  to	
  project	
  to	
  others,	
  and	
  the	
  bonds	
  that	
  tie	
  us	
  

to	
  them.”4	
  Language	
  articulates	
  our	
  universe;	
  it	
  articulates	
  things	
  everywhere:	
  little	
  

and	
  big,	
  monumental	
  and	
  trivial,	
  concrete	
  and	
  abstract.	
  The	
  way	
  we	
  comprehend	
  

these	
  things	
  is	
  through	
  naming,	
  description,	
  and	
  explanation.	
  In	
  order	
  for	
  a	
  person	
  

to	
  engage,	
  truly	
  engage,	
  in	
  his	
  or	
  her	
  own	
  life,	
  they	
  simply	
  must	
  understand.	
  

It	
  is	
  here	
  that	
  we	
  find	
  one	
  of	
  the	
  more	
  fascinating	
  aspects	
  of	
  how	
  language	
  

works	
  around	
  and	
  through	
  human	
  life.	
  To	
  know	
  and	
  understand	
  is	
  a	
  task	
  in	
  and	
  of	
  

itself,	
  but	
  how	
  can	
  one	
  achieve	
  this	
  task?	
  There	
  is	
  a	
  worry,	
  Pinker	
  says,	
  “that	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3	
  Steven	
  Pinker,	
  The	
  Stuff	
  of	
  Thought	
  (New	
  York:	
  Penguin	
  Group,	
  1994),	
  vii.	
  
4	
  Pinker,	
  The	
  Stuff	
  of	
  Thought,	
  viii.	
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language	
  ensnares	
  us	
  in	
  a	
  self-­‐contained	
  web	
  of	
  symbols.	
  In	
  this	
  worry,	
  the	
  

meanings	
  of	
  words	
  are	
  ultimately	
  circular,	
  each	
  defined	
  in	
  terms	
  of	
  the	
  others.”5	
  To	
  

illustrate	
  this	
  more	
  concretely,	
  Pinker	
  offers	
  the	
  example	
  of	
  a	
  hopelessly	
  circular	
  

dictionary	
  passage,	
  “endless	
  loop,	
  n.	
  See	
  loop,	
  endless.	
  loop,	
  endless,	
  n.	
  See	
  endless	
  

loop.”6	
  This	
  concern	
  is	
  allayed	
  by	
  anchoring	
  the	
  web	
  of	
  meanings	
  to	
  events	
  and	
  

objects	
  in	
  the	
  real,	
  experiential	
  world;	
  things	
  we	
  know,	
  things	
  that	
  are	
  familiar,	
  

ground	
  language.	
  It	
  is	
  kept	
  personable	
  by	
  avoiding	
  abstractions	
  and	
  utilizing	
  real	
  

world	
  examples	
  and	
  references.	
  Although	
  one	
  might	
  imagine	
  language	
  as	
  

incomprehensible	
  and	
  conceptual,	
  in	
  the	
  real	
  world,	
  it	
  is	
  available	
  to	
  all.	
  

Language	
  is	
  functional	
  because	
  it	
  utilizes	
  what	
  we	
  experience	
  within	
  the	
  

world.	
  That	
  is	
  a	
  fact.	
  Without	
  this	
  realistic	
  foundation,	
  language	
  assisting	
  in	
  

“understanding	
  our	
  surroundings,”7	
  would	
  not	
  be	
  usable.	
  Language	
  invites	
  us	
  to	
  pay	
  

attention	
  to	
  aspects	
  of	
  our	
  world.	
  One	
  notices	
  this	
  particularly	
  when	
  studying	
  

sentence	
  composition.	
  An	
  English	
  speaker	
  might	
  worry	
  about	
  tense	
  (when	
  things	
  

happen	
  relative	
  to	
  where	
  and	
  when	
  they	
  are	
  currently);	
  a	
  Turkish	
  speaker	
  uses	
  

specific	
  language	
  to	
  clarify	
  whether	
  they	
  witnessed	
  the	
  event	
  firsthand	
  or	
  learned	
  

about	
  it	
  through	
  hearsay.	
  8	
  	
  One’s	
  thoughts	
  and	
  sophistication	
  in	
  understanding	
  the	
  

world	
  becomes	
  subtler	
  as	
  one	
  analyzes	
  experiences,	
  time,	
  people,	
  ideas,	
  etc.,	
  during	
  

the	
  course	
  of	
  ordinary	
  speech.	
  	
  

While	
  the	
  process	
  of	
  putting	
  together	
  a	
  sentence	
  encourages	
  human	
  beings	
  to	
  

define	
  and	
  ponder	
  their	
  world,	
  one	
  can	
  gather	
  a	
  more	
  personal	
  insight	
  into	
  a	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5	
  Pinker,	
  The	
  Stuff	
  of	
  Thought,	
  11.	
  
6	
  Pinker,	
  The	
  Stuff	
  of	
  Thought,	
  12.	
  
7	
  Pinker,	
  The	
  Stuff	
  of	
  Thought,	
  vii.	
  
8	
  Pinker,	
  The	
  Stuff	
  of	
  Thought,	
  131-­‐132.	
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speaker	
  based	
  on	
  their	
  self-­‐expression.	
  What	
  people	
  decide	
  to	
  learn,	
  remember,	
  and	
  

articulate	
  reflects	
  the	
  types	
  of	
  things	
  they	
  deal	
  with	
  in	
  their	
  lives	
  and	
  the	
  mysteries	
  

they	
  ponder.9	
  No	
  person	
  knows	
  every	
  word	
  or	
  understands	
  every	
  concept,	
  so	
  one’s	
  

individual	
  focus	
  reflects	
  choices	
  that	
  correlate	
  directly	
  with	
  one’s	
  perception	
  of	
  the	
  

world.	
  

Identity	
  is	
  Pinker’s	
  final	
  concept	
  within	
  the	
  language-­‐human	
  relationship.	
  

Language,	
  especially	
  the	
  particular	
  language,	
  dialect,	
  or	
  accent	
  that	
  we	
  use	
  to	
  

communicate,	
  portrays	
  much	
  about	
  who	
  we	
  are.	
  An	
  American	
  who	
  accentuates	
  their	
  

“o’s”	
  as	
  long,	
  soft	
  “o’s”	
  might	
  be	
  associated	
  with	
  Minnesota	
  or	
  northern	
  Wisconsin.	
  A	
  

German-­‐speaking	
  woman,	
  by	
  merely	
  speaking	
  a	
  particular	
  dialect,	
  tells	
  others	
  

something	
  about	
  her	
  life	
  and	
  culture.	
  Language	
  is	
  cultural,	
  and	
  by	
  simply	
  speaking	
  a	
  

language,	
  one	
  necessarily	
  provides	
  insight	
  into	
  part	
  of	
  one’s	
  story	
  and	
  life.	
  	
  

So	
  what	
  does	
  Pinker’s	
  linguistic	
  analysis	
  have	
  to	
  do	
  with	
  interreligious	
  

dialogue?	
  As	
  I	
  said	
  before,	
  the	
  underlying	
  purpose	
  of	
  all	
  language	
  is	
  understanding.	
  	
  

Dialogue,	
  of	
  course,	
  requires	
  understanding.	
  	
  

	
   To	
  address	
  the	
  comparison	
  between	
  Pinker’s	
  theory	
  and	
  the	
  project	
  of	
  

interreligious	
  dialogue,	
  I	
  will	
  work	
  backwards,	
  in	
  a	
  way,	
  from	
  Pinker’s	
  linguistic	
  

schema.	
  	
  Right	
  away,	
  language	
  and	
  religion	
  have	
  two	
  very	
  important	
  elements	
  in	
  

common—they	
  are	
  both	
  cultural	
  and	
  personal	
  identifiers.	
  	
  Being	
  a	
  young,	
  practicing	
  

Hindu	
  male	
  may	
  identify	
  you	
  as	
  a	
  person	
  from	
  Mumbai,	
  India.	
  Claiming	
  to	
  be	
  a	
  part	
  

of	
  a	
  small	
  Druze	
  community	
  may	
  place	
  your	
  origins	
  somewhere	
  in	
  Lebanon.	
  

Although	
  many	
  times	
  a	
  person’s	
  religion	
  is	
  not	
  specific	
  to	
  place,	
  it	
  still	
  makes	
  up	
  a	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
9	
  Pinker,	
  The	
  Stuff	
  of	
  Thought,	
  127.	
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part	
  of	
  their	
  story.	
  Religious	
  identity	
  is	
  sensitive,	
  and	
  expressing	
  our	
  religious	
  

beliefs	
  and	
  sentiments	
  is	
  an	
  intimate	
  exercise.	
  As	
  mentioned	
  earlier,	
  a	
  particular	
  

language	
  may	
  come	
  with	
  a	
  variety	
  of	
  dialects	
  or	
  accents.	
  Major	
  religions	
  throughout	
  

the	
  world	
  have	
  a	
  variety	
  of	
  people	
  and	
  cultures	
  within	
  them.	
  Catholics	
  in	
  America	
  

and	
  Catholics	
  in	
  China	
  express	
  their	
  Catholicism	
  with	
  cultural	
  specificity	
  despite	
  the	
  

aim	
  for	
  “one,	
  holy,	
  Catholic	
  and	
  apostolic	
  church.”	
  	
  

To	
  be	
  human	
  is	
  to	
  be	
  a	
  communal	
  being.	
  We	
  live	
  in	
  an	
  interconnected	
  world,	
  

where	
  we	
  sit,	
  breathe,	
  work,	
  and	
  sleep	
  next	
  to	
  each	
  another.	
  We	
  are	
  born	
  into	
  a	
  

family,	
  who	
  is	
  part	
  of	
  a	
  neighborhood,	
  village,	
  city,	
  or	
  larger	
  family,	
  and	
  as	
  we	
  age	
  we	
  

begin	
  to	
  learn	
  language.	
  Pinker	
  argues	
  that	
  this	
  process	
  is	
  instinctual,	
  and	
  that	
  even	
  

if	
  we	
  were	
  not	
  taught	
  language,	
  we	
  would	
  seek	
  it	
  out.	
  To	
  communicate	
  is	
  to	
  be	
  part	
  

of	
  something	
  bigger,	
  and	
  to	
  speak	
  is	
  to	
  understand	
  what	
  is	
  happening	
  in	
  one’s	
  

world.	
  	
  

Although	
  one’s	
  instinct	
  to	
  seek	
  out	
  religion	
  would	
  require	
  more	
  time	
  than	
  the	
  

need	
  to	
  pursue	
  language,	
  I	
  propose	
  that	
  they	
  are	
  both	
  inevitable.	
  This	
  is	
  not	
  to	
  say	
  

that	
  everyone	
  will	
  inevitably	
  become	
  religious,	
  but	
  rather	
  that	
  everyone	
  will	
  

inevitably	
  think	
  about	
  the	
  questions	
  that	
  religious	
  systems	
  explore.	
  As	
  social	
  beings,	
  

we	
  have	
  the	
  urge	
  to	
  be	
  a	
  part	
  of	
  something;	
  we	
  have	
  the	
  “instinct	
  to	
  acquire	
  an	
  art,”	
  

as	
  Pinker	
  puts	
  it.	
  The	
  questions	
  religions	
  attempt	
  to	
  answer	
  are,	
  some	
  would	
  say,	
  

the	
  most	
  profound	
  questions	
  on	
  earth:	
  “Why	
  am	
  I	
  here?”	
  “What	
  is	
  my	
  ultimate	
  

purpose?”	
  “What’s	
  next?”	
  Addressing	
  and	
  giving	
  understanding	
  to	
  these	
  questions	
  in	
  

everyday	
  life	
  is	
  an	
  art.	
  Even	
  maturing,	
  young	
  persons	
  inevitably	
  ask	
  these	
  ultimate	
  

questions	
  simply	
  because	
  they	
  have	
  a	
  rational	
  instinct	
  to	
  inquire.	
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Whether	
  or	
  not	
  one	
  personally	
  chooses	
  to	
  believe	
  in	
  a	
  God,	
  human	
  persons	
  

live	
  in	
  a	
  world	
  imbued	
  with	
  religion.	
  If	
  one	
  can	
  agree	
  that	
  we	
  are	
  sentient	
  beings,	
  

that	
  is,	
  we	
  possess	
  the	
  ability	
  to	
  question	
  our	
  own	
  existence,	
  one	
  may	
  be	
  inclined	
  to	
  

understand	
  that	
  religiousness	
  is	
  a	
  natural	
  path	
  of	
  inquiry.	
  Those	
  who	
  reject	
  religion	
  

still	
  live	
  in	
  a	
  religious	
  world,	
  and	
  in	
  their	
  very	
  rejection,	
  often	
  explain	
  themselves	
  by	
  

making	
  use	
  of	
  religious	
  language	
  and	
  categories.	
  The	
  very	
  act	
  of	
  rejection	
  implies	
  

that	
  one	
  is	
  rejecting	
  something,	
  admitting	
  the	
  existence	
  of	
  that	
  “something.”	
  	
  

With	
  the	
  possible	
  exceptions	
  of	
  a	
  silent	
  monk	
  or	
  protesting	
  citizen,	
  it	
  is	
  rare	
  

for	
  someone	
  to	
  reject	
  language.	
  But,	
  as	
  with	
  religion,	
  some	
  people	
  worry	
  about	
  the	
  

circular	
  definition	
  of	
  linguistic	
  terms.	
  This	
  is	
  a	
  worry	
  with	
  religion	
  as	
  well.	
  Because	
  

religion	
  asks	
  profound	
  questions—questions	
  about	
  life,	
  the	
  afterlife,	
  and	
  the	
  reason	
  

for	
  life—some	
  say	
  to	
  seek	
  answers	
  would	
  amount	
  to	
  an	
  “endless	
  loop.”	
  	
  However	
  

religion,	
  like	
  language,	
  is	
  anchored	
  in	
  the	
  real	
  world.	
  While	
  it	
  transcends	
  life	
  on	
  

earth,	
  religious	
  persons	
  are	
  constantly	
  referred	
  back	
  to	
  their	
  everyday	
  lives.	
  

Religious	
  principles	
  are	
  applied	
  to	
  our	
  actions	
  and	
  experiences,	
  discerned	
  in	
  our	
  

relationships,	
  and	
  experienced	
  in	
  our	
  communities.	
  This	
  conceptual	
  yet	
  practical	
  

experience	
  of	
  religion	
  is	
  universal,	
  and	
  is	
  critical	
  to	
  the	
  understanding	
  of	
  how	
  

religion	
  works	
  in	
  human	
  life.	
  

Lastly,	
  one	
  cannot	
  understand	
  where	
  someone	
  is	
  coming	
  from	
  if	
  you	
  are	
  not	
  

somewhat	
  educated	
  in	
  his	
  or	
  her	
  field.	
  I	
  cannot	
  expect	
  to	
  have	
  a	
  productive	
  

conversation	
  about	
  communication	
  with	
  someone	
  who	
  speaks	
  another	
  language	
  if	
  

we	
  both	
  have	
  not	
  put	
  effort	
  in	
  understanding	
  the	
  other’s	
  language,	
  history,	
  and	
  

culture.	
  In	
  the	
  same	
  sense,	
  one	
  cannot	
  have	
  successful	
  dialogue	
  if	
  one	
  or	
  both	
  sides	
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have	
  not	
  put	
  work	
  into	
  learning,	
  even	
  if	
  it	
  is	
  from	
  an	
  objective	
  standpoint.	
  The	
  mere	
  

task	
  of	
  taking	
  time	
  to	
  learn	
  is	
  something	
  that	
  is	
  far	
  underestimated	
  and	
  is	
  a	
  

necessity	
  for	
  language	
  and	
  religion	
  alike.	
  	
  

I	
  began	
  by	
  stating	
  that	
  language	
  theory	
  is	
  an	
  effective	
  tool	
  for	
  interreligious	
  

dialogue.	
  It	
  is	
  through	
  the	
  aforementioned	
  key	
  to	
  dialogue,	
  understanding	
  religion,	
  

that	
  this	
  tool	
  is	
  truly	
  effective.	
  To	
  fully	
  embrace	
  interreligious	
  dialogue,	
  one	
  must	
  

understand	
  why	
  someone	
  would	
  be	
  religious,	
  seeing	
  that	
  it	
  is	
  a	
  universal	
  instinct	
  to	
  

look	
  towards	
  religion,	
  which	
  is	
  undeniably	
  influenced	
  by	
  culture	
  and	
  geography.	
  

They	
  must	
  recognize	
  that	
  we	
  naturally	
  gravitate	
  towards	
  what	
  we	
  know,	
  and	
  

something	
  every	
  person	
  wants	
  to	
  know	
  is	
  how	
  to	
  understand	
  and	
  how	
  to	
  be	
  more	
  

fully	
  immersed	
  in	
  a	
  community	
  and	
  in	
  life.	
  They	
  must	
  admit	
  to	
  the	
  necessity	
  of	
  

putting	
  effort	
  towards	
  education.	
  These	
  are	
  “musts”	
  for	
  interreligious	
  dialogue,	
  and	
  

they	
  are	
  principles	
  derived	
  by	
  way	
  of	
  a	
  theory	
  of	
  language.	
  	
  

Whether	
  one	
  believes	
  the	
  truth	
  of	
  the	
  others’	
  religion	
  or	
  not,	
  it	
  is	
  in	
  

understanding	
  the	
  other	
  that	
  allows	
  one	
  to	
  find	
  a	
  punch	
  line	
  that	
  could	
  radically	
  

change	
  the	
  modern	
  world:	
  	
  “A	
  Christian,	
  a	
  Hindu,	
  and	
  a	
  Jew	
  walk	
  into	
  a	
  bar.	
  They	
  

dialogue.”	
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Abstract:	
  	
   	
  

The	
  goal	
  of	
  our	
  project	
  is	
  to	
  create	
  a	
  mathematical	
  model	
  for	
  educational	
  success	
  
and	
  identify	
  the	
  factors	
  most	
  vulnerable	
  to	
  and	
  affected	
  by	
  poverty.	
  Our	
  model	
  is	
  based	
  on	
  
factors	
  in	
  a	
  student’s	
  home,	
  school,	
  and	
  social/cultural	
  environment.	
  Our	
  model	
  combines	
  
statistics	
  and	
  expert	
  opinion	
  with	
  the	
  Analytical	
  Hierarchy	
  Process,	
  Guiasu	
  Method,	
  and	
  
Yen	
  method	
  to	
  weight	
  the	
  significance	
  of	
  each	
  factor	
  that	
  defines	
  poverty’s	
  relation	
  to	
  
education.	
  We	
  ranked	
  10	
  Midwestern	
  City	
  Public	
  School	
  Systems	
  based	
  on	
  factors	
  that	
  fall	
  
into	
  these	
  categories.	
  Our	
  model	
  places	
  weight	
  on	
  the	
  components	
  of	
  education	
  and	
  
poverty	
  to	
  identify	
  their	
  correlation.	
  When	
  focused	
  on	
  and	
  improved	
  these	
  factors	
  could	
  
significantly	
  increase	
  the	
  chance	
  for	
  a	
  student’s	
  educational	
  success.	
  	
  
	
  
Introduction:	
  
	
   The	
  relationship	
  between	
  educational	
  success	
  and	
  poverty	
  is	
  widely	
  known,	
  yet	
  
their	
  correlation	
  is	
  complex.	
  There	
  are	
  many	
  factors	
  that	
  contribute	
  to	
  the	
  relationship.	
  
Recent	
  studies	
  have	
  shown	
  that	
  high	
  poverty	
  schools,	
  compared	
  to	
  low	
  poverty	
  schools,	
  
have	
  less	
  of	
  an	
  academic	
  focus	
  (U.S.	
  Dept.	
  EDU,	
  1993).	
  Our	
  desire	
  to	
  create	
  a	
  successful	
  
model	
  also	
  stems	
  from	
  the	
  shortcomings	
  of	
  the	
  No	
  Child	
  Left	
  Behind	
  Act	
  (NCLB)	
  which	
  was	
  
implemented	
  in	
  January	
  2002.	
  We	
  believe	
  that	
  NCLB	
  disregards	
  many	
  factors	
  for	
  
educational	
  success	
  by	
  basing	
  assessment	
  and	
  funding	
  of	
  schools	
  on	
  student	
  test	
  scores.	
  
With	
  this	
  method	
  only	
  the	
  current	
  successful	
  schools	
  are	
  rewarded	
  and	
  the	
  struggling	
  
schools	
  receive	
  no	
  money	
  or	
  support.	
  Also	
  through	
  NCLB’s	
  evaluation	
  method,	
  the	
  students	
  
miss	
  out	
  on	
  curriculum	
  because	
  some	
  teachers	
  solely	
  teach	
  to	
  the	
  test.	
  	
  

We	
  provide	
  an	
  alternate	
  model	
  of	
  evaluation	
  to	
  NCLB.	
  In	
  our	
  model	
  we	
  identify	
  that	
  
educational	
  success	
  is	
  correlated	
  with	
  factors	
  in	
  the	
  social,	
  cultural,	
  and	
  economic	
  
structures	
  that	
  students	
  are	
  a	
  part	
  of.	
  	
  Placing	
  emphasis	
  on	
  these	
  complete	
  structures	
  to	
  
measure	
  potential	
  educational	
  success	
  is	
  more	
  effective	
  than	
  simple	
  evaluations	
  based	
  on	
  
local	
  funding	
  and	
  assessment	
  tests.	
  Each	
  of	
  the	
  factors	
  we	
  identified	
  to	
  be	
  important	
  to	
  a	
  
student’s	
  success	
  were	
  classified	
  into	
  three	
  basic	
  environments	
  of	
  home,	
  school,	
  and	
  
social/cultural	
  environment.	
  	
  We	
  chose	
  factors	
  that	
  have	
  relevant	
  data	
  and	
  are	
  focused	
  
from	
  various	
  influences	
  in	
  order	
  to	
  improve	
  educational	
  quality	
  measurement	
  by	
  the	
  policy	
  
makers.	
  	
  

The	
  structure	
  and	
  environment	
  of	
  the	
  actual	
  School	
  was	
  considered	
  to	
  be	
  one	
  of	
  our	
  
main	
  factors.	
  We	
  chose	
  sub	
  factors	
  that	
  affect	
  and	
  encompass	
  the	
  entire	
  school	
  
environment.	
  These	
  sub	
  factors	
  explain	
  the	
  different	
  dimensions	
  of	
  a	
  school	
  including	
  
political	
  policy,	
  teacher	
  quality	
  and	
  NCLB	
  assessment.	
  In	
  the	
  political	
  category	
  we	
  
addressed	
  the	
  policy	
  of	
  teacher	
  tenure.	
  Tenure	
  is	
  an	
  important	
  incentive	
  to	
  teachers	
  so	
  we	
  
evaluated	
  tenure	
  requirements	
  including	
  retirement	
  age	
  and	
  years	
  needed	
  to	
  achieve	
  
tenure.	
  We	
  also	
  examined	
  the	
  division	
  of	
  government	
  funding	
  from	
  local	
  to	
  national	
  to	
  
measure	
  its	
  affect.	
  Teacher	
  Quality	
  and	
  effectiveness	
  was	
  also	
  considered	
  to	
  be	
  important	
  
in	
  the	
  success	
  of	
  the	
  school	
  environment.	
  Each	
  city	
  was	
  given	
  a	
  ranking	
  of	
  0	
  or	
  1	
  based	
  on	
  
whether	
  they	
  allowed	
  reciprocal	
  certification	
  from	
  the	
  other	
  states	
  (University	
  of	
  
Kentucky).	
  	
  In	
  our	
  states,	
  Illinois,	
  Missouri,	
  and	
  Nebraska	
  accepted	
  all	
  but	
  Iowa	
  teacher	
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certification	
  and	
  received	
  a	
  1	
  for	
  being	
  more	
  selective,	
  Iowa	
  allowed	
  certification	
  from	
  any	
  
of	
  the	
  states,	
  thus	
  received	
  a	
  0.	
  

The	
  effect	
  of	
  student	
  and	
  teacher	
  diversity	
  was	
  considered	
  in	
  the	
  correlation	
  factor,	
  
F1205.	
  We	
  identified	
  the	
  need	
  for	
  this	
  factor	
  because	
  in	
  our	
  school	
  systems	
  today	
  the	
  
availability	
  of	
  minority	
  teachers	
  is	
  limited.	
  Urban	
  areas	
  with	
  student	
  bodies	
  that	
  consist	
  of	
  
nearly	
  100%	
  minority	
  race	
  are	
  taught	
  by	
  majority	
  white	
  teaching	
  staffs.	
  A	
  recent	
  study	
  in	
  
2000	
  showed	
  students	
  learn	
  more	
  from	
  a	
  teacher	
  of	
  the	
  same	
  race.	
  Also	
  a	
  series	
  of	
  
experiments	
  at	
  Stanford	
  suggest	
  that	
  student	
  performance	
  might	
  respond	
  to	
  a	
  teacher’s	
  
race	
  due	
  to	
  unintended	
  racial	
  bias	
  and	
  a	
  feeling	
  of	
  inferiority.	
  For	
  example	
  students	
  may	
  
trust	
  and	
  respect	
  someone	
  with	
  whom	
  they	
  share	
  an	
  important	
  characteristic,	
  making	
  
learning	
  come	
  easier.	
  Also	
  a	
  teacher	
  of	
  the	
  same	
  race	
  may	
  serve	
  as	
  a	
  more	
  effective	
  role	
  
model	
  and	
  thus	
  boost	
  a	
  student’s	
  confidence	
  and	
  enthusiasm	
  for	
  learning.	
  Using	
  this	
  
research	
  we	
  assigned	
  each	
  city	
  a	
  normalized	
  factor	
  based	
  on	
  the	
  agreement	
  of	
  student	
  and	
  
teacher	
  race	
  (Dee).	
  	
  [See	
  Appendix	
  for	
  Chart]	
  Overall	
  School	
  Infrastructure	
  and	
  resources	
  
were	
  evaluated	
  by	
  curriculum	
  and	
  the	
  ACT	
  standard	
  achievement.	
  As	
  the	
  ACT	
  is	
  important	
  
to	
  evaluating	
  a	
  student’s	
  preparedness	
  for	
  college,	
  ACT	
  results	
  were	
  used	
  as	
  a	
  good	
  
measurement	
  for	
  a	
  cities	
  success	
  in	
  educating	
  students	
  through	
  college.	
  	
  
	
   We	
  established	
  a	
  student’s	
  Home	
  environment	
  as	
  essential	
  to	
  their	
  success.	
  Often	
  
the	
  home	
  environment	
  is	
  not	
  considered	
  in	
  school	
  evaluations,	
  when	
  in	
  fact	
  a	
  student’s	
  
motivation	
  and	
  home	
  situation	
  are	
  an	
  essential	
  target	
  point	
  for	
  improving	
  a	
  student’s	
  
success.	
  When	
  parental	
  involvement	
  and	
  education	
  is	
  promoted	
  by	
  the	
  school,	
  results	
  can	
  
be	
  achieved.	
  To	
  demonstrate	
  the	
  result	
  of	
  this	
  on	
  an	
  individual’s	
  motivation	
  we	
  used	
  the	
  
book	
  Social	
  Class,	
  Poverty	
  and	
  Education:	
  Policy	
  and	
  Practice,	
  by	
  Bruce	
  J.	
  Biddle.	
  In	
  this	
  
book,	
  Biddle	
  presents	
  a	
  formula	
  for	
  motivation	
  using	
  common	
  poverty	
  and	
  education	
  
statistics	
  with	
  longitudinal	
  studies	
  of	
  children	
  in	
  poverty.	
  He	
  found	
  that	
  Family	
  
Disadvantage	
  leads	
  to	
  the	
  amount	
  of	
  motivation/self-­‐concept	
  a	
  student	
  has.	
  His	
  formula	
  
shows	
  the	
  relationship	
  of	
  household	
  structure,	
  parent	
  education	
  and	
  low	
  income	
  status	
  to	
  
family	
  disadvantage.

Finally,	
  we	
  identified	
  factors	
  in	
  student’s	
  social/cultural	
  community	
  environment.	
  
We	
  evaluated	
  and	
  collected	
  data	
  on	
  the	
  economics	
  and	
  population	
  of	
  the	
  community	
  size.	
  
We	
  also	
  looked	
  at	
  community	
  expectations,	
  to	
  see	
  if,	
  as	
  a	
  community,	
  certain	
  values	
  were	
  
emphasized	
  or	
  lacking.	
  Data	
  such	
  as	
  the	
  percent	
  religiously	
  affiliated	
  can	
  have	
  a	
  positive	
  
impact	
  on	
  the	
  support	
  of	
  a	
  child	
  by	
  his	
  or	
  her	
  community.	
  Factors	
  such	
  as	
  a	
  high	
  dropout	
  
rate	
  or	
  low	
  college	
  attendance	
  rate	
  can	
  negatively	
  impact	
  a	
  student’s	
  success	
  as	
  well.	
  

Therefore	
  based	
  on	
  the	
  environments	
  of	
  school,	
  home	
  and	
  community	
  it	
  is	
  our	
  goal	
  
to	
  rank	
  the	
  poverty	
  factors,	
  across	
  the	
  Midwest,	
  to	
  gauge	
  an	
  idea	
  of	
  where	
  changes	
  could	
  
have	
  the	
  most	
  significant	
  impact	
  in	
  giving	
  every	
  student	
  the	
  chance	
  at	
  the	
  educational	
  
success	
  they	
  deserve.	
  

We	
  chose	
  cities	
  from	
  4	
  Midwestern	
  states:	
  Nebraska,	
  Iowa,	
  Illinois	
  and	
  Missouri	
  to	
  
collect	
  data	
  that	
  demonstrates	
  the	
  affect	
  poverty	
  has	
  on	
  education.	
  Within	
  each	
  state	
  we	
  
chose	
  major	
  cities	
  that	
  contain	
  diverse	
  school	
  districts	
  in	
  order	
  to	
  compare	
  low	
  poverty	
  
school	
  success	
  rates	
  and	
  the	
  success	
  rate	
  of	
  schools	
  with	
  high	
  poverty,	
  which	
  are	
  present	
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mostly	
  in	
  larger	
  cities.	
  New	
  Trier,	
  Illinois	
  was	
  selected	
  as	
  our	
  control	
  city.	
  New	
  Trier	
  is	
  a	
  
small,	
  upper	
  class,	
  white	
  majority	
  suburb	
  of	
  Chicago.	
  In	
  order	
  to	
  compare	
  the	
  effects	
  of	
  
urban	
  poverty	
  on	
  education	
  New	
  Trier	
  was	
  an	
  excellent	
  comparison	
  point	
  to	
  do	
  so.	
  From	
  
these	
  rankings	
  cities	
  and	
  schools	
  with	
  low	
  performance	
  may	
  be	
  more	
  effectively	
  focused	
  
and	
  given	
  more	
  financial	
  and	
  structural	
  assistance.	
  	
  
	
  
	
   Data	
  for	
  the	
  majority	
  of	
  factors	
  was	
  obtained	
  through	
  Civil	
  Rights	
  Data	
  Collection,	
  
the	
  U.S.	
  Census	
  Bureau,	
  and	
  the	
  National	
  Center	
  for	
  Education	
  Statistics	
  and	
  each	
  respective	
  
state’s	
  education	
  department	
  
.	
  	
  
 
States and Cities: 
Nebraska:  Iowa:  Illinois: Missouri: 
-Omaha        -Cedar Rapids -Chicago  -Colombia 
-Lincoln      -Des Moines -Springfield -St. Louis 
     -New Trier -Jefferson City 
  
2. Model 
[For full model see appendix] 
 
 
 
 
 
 
 
 
Indices and Variables: 
-Variables marked with an asterisk were considered detrimental to educational success and 
entered as negative data numbers to demonstrate this.  

F1: School 
F11: Political  

F111: Tenure 
F1111: Years Required 
F1112: Retirement Age 
F1113: Pension  

F112: NCLB 
F113: Government $ on Education 

      F1131: School District Revenue 
F11311: Local 
F11312: State 
F11313: Federal 

     F1132: Operating Expense per Pupil 
     F1133:  Schools with disability focus 

F12: Teacher Quality and Effectiveness 
F1201: Salary 

How	
  Poverty	
  Effects	
  
Educational	
  Success	
  

School	
   Social/Cultural	
   Home	
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F1202: Certification Requirement 
F1203: Meet Licensing 
F1204: % absent>10 days** 
F1205: Teacher vs. Student Race 
F1206: Student Teacher Ratio** 
F1207: % Master’s degree 
F1208: % Bachelor’s degree 
F1209: % in first year** 
F1210: % in second year** 
F1211: Experience 

  F13: School Infrastructure and Resources 
F131: # of schools in district 
F132: ACT Scores  

F1321: Composite score 
F1322: % LEP 
F1323: % IEP 

F133: AP Offerings 
F134: Curriculum 

F1341: # schools with advanced math 
F1342: # schools with advanced science 

F135: Resources 
F2: Social/Cultural 

F21: Total Population** 
F22: Urbanization** 
F23: Diversity 
F24: Expectations 

F241: % Affiliated with Religion 
F242: Student Mobility**  
F243: Grade Repetition** 
F244: Attendance Rate 
F245: Dropout Rate** 
F246: % attend 2 year college 

   F247: % attend 4 year college 
F25: Economics 

F251: Median Income 
F252: Average house cost 
F253: Homeownership rate 
F254: Free and reduced lunch rate** 

 
F3: Home 

F31: Individual 
F311: Disability** 
F312: Motivation  
F313: After School Activity 

F3131: Expulsions** 
F3132: Refer to Law Enforcement**  
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F3133: In-School Suspension** 
F3134: Out of School Suspension** 
F3135: School related arrests** 
F3136: Money spent on student activities 

F32: Family structure 
F3201: Other Language at home** 
F3202: ESL** 
F3203: % Foreign Born** 
F3204: Poverty level** 
F3205: Cost of Living Index 
F3206: Low Income** 
F3207: Parental Involvement 
F3208: # in household** 
F3209: Median age of parents 
F3210: Single mother family** 
F3211: Single father family** 
F3212: Parents Education Level 

F32121: % with high school degrees 
F32122: % with bachelor’s degrees 

 
 
Experts 
Three experts, Ej, were asked to rank the importance of each factor and sub-factor as to their 
importance with respect to achieving the overarching goal of Educational Success.  [See 
Appendix for a copy of the expert survey.] 
E1: Tim Henry 
 Chicago Public Schools 
 Counselor for troubled students 
 Foster Care System member 
E2: Dr. Bartee 
 Creighton University 
 Education Department 
E3: Dr. Tim Dickel 
 Creighton University 

Education Department 
Co-Director, Master's Program in Counselor Education 
 

Expert Opinion Calculations 
 
The following matrix gives the weights the experts assigned to the factors (F1-F3) and sub-
factors (Fij in attaining Fi) as to their importance with respect to the overarching goal, G.  Each 
expert ranking was normalized (dividing all values by 5) before being presented in the following 
matrices. 
We let Ei be Expert i, where i = 1,2,3 and F1=School, F2=Social/Cultural, and F3=Home.   
 
The experts ranked their opinions as follows: 
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 E1 E2 E3 
F1 1 1 0.8 
F2 1 1 0.8 
F3 1 1 1 

 
The experts were then asked the importance of the sub factors of Fij, in attaining Fi.  Their 
rankings are as follows: 

 
 E1 E2 E3 

F11 0.4 0.4 0.8 
F12 1 1 1 
F13 1 0.8 1 

 
 

    

E1 E2 E3 
F21 0.6 0.8 0.8 
F22 0.6 0.8 1 
F23 1 0.6 1 
F24 1 1 1 
F25 1 1 1 

    

 
 

 E1 E2 E3 
F31 1 1 1 
F32 0.8 1 1 

We let: 
F11:Political,     F21:Total Population    F31: Individual 
F12:Teacher Quality and Effectiveness F22: Urbanization    F32: Family Structure 
F13: School Infrastructure and Resources F23: Diversity 
    F24: Expectations 
    F25: Economics 
 
The experts were then asked the importance of the sub factors of Fijk, in attaining Fij.  Their rankings are as 
follows: 

 
                  F111: Tenure 
                  F112:NCLB 

                  F113:Government $ on 
Education 

 
 

 
 

F1201: Salary 
F1202: Certification Requirement 
F1203: Meet Licensing 
F1204: % absent>10 days 

F1205: Teacher vs. 
Student Race 
F1206: Student Teacher Ratio 
F1207: % Master’s degree 

F1208: % Bachelor’s 
degree 

F1209: % in first year 

 E1 E2 E3 
F111 0.6 0.6 0.8 
F112 0.6 0.8 1 
F113 1 0.8 1 

 E1 E2 E3 
F1201 1 0.6 1 
F1202 0.8 1 0.8 
F1203 0.8 1 0.8 
F1204 0.4 0.2 0.6 
F1205 0.8 0.2 0.6 
F1206 1 1 0.8 
F1207 0.8 1 1 
F1208 1 1 1 
F1209 1 1 1 
F1210 1 0.8 1 

F1211 1 1 1 
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F1210: % in second year 
F1211: Experience 
 

 
 
 
 
             F131: # schools in district 
             F132: ACT Scores 
             F133: AP offerings 
             F134: Curriculum 
             F135: Resources 
 

 
 

 
F241: % Affiliated with Religion 
F242: Student Mobility 
F243: Grade Repetition 
F244: Attendance Rate 

F245: Dropout Rate 
F246: % attend 2 year college 

F247: % attend 4 year college 
 

 
 

 
F251: Median Income 
F252: Average house cost 
F253: Homeownership rate 

F254: Free and reduced 
lunch rate 

 
 
 

 
F311: Disability 
F312: Motivation  
F313: After School 

Activity 
 
 
 
 
 
 

 

 
 

E1 

 
 

E2 

 
 

E3 
F131 1 1 1 
F132 0.8 0.8 1 
F133 0.8 0.8 1 
F134 0.8 1 1 
F135 1 0.8 0.8 

 E1 E2 E3 
F241 0.4 0.4 1 
F242 0.4 1 0.8 
F243 1 1 0.8 
F244 1 1 1 
F245 1 1 1 
F246 0.8 0.8 1 
F247 0.8 1 0.8 

 E1 E2 E3 
F251 0.8 0.8 0.8 
F252 0.8 0.8 0.8 
F253 0.6 0.8 0.8 
F254 0.8 1 1 

 E1 E2 E3 
F311 0.4 1 0.8 
F312 1 1 1 
F313 0.8 0.8 1 
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F3201: Other Language at 
home 

F3202: ESL 
F3203: % Foreign Born 
F3204: Poverty level 
F3205: Cost of Living 

Index 
F3206: Low Income 
F3207: Parental 

Involvement 
F3208: # in household 
F3209: Median age of 

parents 
F3210: Single mother family 
F3211: Single father family 
F3212: Parents Education Level 

 
 
The experts were then asked the importance of the sub factors of Fijkl, in attaining Fijk.  Their 
rankings are as follows: 

 
F1111: Years Required 

F1112: Retirement 
Age 

F1113: Pension  
 
 

 
            F1131: School District Revenue 

F1132: Operating Expense per Pupil 
      F1133:  Schools 
with disability focus 

 
 

 
F1321: Composite score 
F1322: % LEP 
F1323: % IEP 

 
 

E1 
 

E2 E3 
F3201 0.8 1 0.8 
F3202 0.8 1 0.8 
F3203 0.8 1 0.8 
F3204 1 1 1 
F3205 1 1 0.8 
F3206 0.8 1 1 
F3207 1 1 1 
F3208 0.8 0.4 0.8 
F3209 0.4 0.4 1 
F3210 0.6 0.6 1 
F3211 0.6 0.6 1 
F3212 0.6 1 1 

 E1 E2 E3 
F1111 1 0.8 0.8 
F1112 1 0.8 0.6 
F1113 1 0.8 1 

 E1 E2 E3 
F1131 0.8 0.8 0.8 
F1132 0.8 0.6 0.6 
F1133 1 0.8 0.8 

 E1 E2 E3 
F1321 0.4 0.6 0.8 
F1322 0.4 0.6 0.8 
F1323 0.6 0.6 1 
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F1341: # schools with advanced math 

F1342: # schools with 
advanced science 

 
 
 
 
 
 

 
F3131: Expulsions 
F3132: Refer to Law 

Enforcement 
F3133: In-School 

Suspension 
F3134: Out of School 

Suspension 
 F3135: School related arrests 

F3136: Money spent on student activities 
 
 
 

 
F32121: % with 

high school degrees 
F32122: % with 

bachelor’s degrees 
 
 
The experts were then asked the importance of the sub factors of Fijklm, in attaining Fijkl.  Their 
rankings are as follows: 

 
F11311: 

Local 
F11312: 

State 
F11313: Federal 

 
 
 
Mathematical Equations 

 E1 E2 E3 
F1341 0.6 1 1 
F1342 0.6 1 1 

 E1 E2 E3 
F3131 0.8 0.8 1 
F3132 0.8 0.8 1 
F3133 0.6 0.8 1 
F3134 0.8 0.8 1 
F3135 1 0.8 0.8 
F3136 1 0.8 0.8 

 E1 E2 E3 
F32121 1 0.6 1 
F32122 1 1 1 

    

 E1 E2 E3 
F11311 1 1 1 
F11312 1 0.8 1 
F11313 1 0.6 0.6 
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In this section, we present the linear equations that are used to measure how well a city is 
doing in achieving its goal of educational success related to poverty.  The experts’ rankings 
determine the weight for the factors in the model.  The expert opinions were weighted in order to 
obtain the weighted linear equations.  We will use three methods by which the weights can be 
calculated and integrated into the equations:  Analytical Hierarchy Process (AHP), Guiasu 
method, and Yen method.   

 
AHP: 

The weight of each factor is determined by dividing each row average (Fi) by the 
sum of all row averages.  These weights are then placed into the overall equation 
G+ to determine the AHP overall score. 

 Guiasu Method: 
First, the data is normalized by dividing each element in the matrix by the sum of 
all elements in the same column. The weight of each factor for the G+ equation is 
then determined by the row average (Fi) to determine the Guiasu overall score. 

 Yen Method: 
The values are first normalized by dividing each element of the matrix by the 
largest value in the same column (in our case this had already been done so the 
results will be similar to the AHP method).  The row averages (Fi) of the matrix is 
divided by the row average sum, which provides the weight for Fi in the overall 
G+ equation and determine the Yen overall score.  

In order to correctly work the equations a bottom-up approach was necessary.  Looking at 
the factors highlighted in yellow on the data page [Appendix], shows the hierarchy involved in 
the model.  In each instance, these weights are a result of their sub-factors (to find the equations 
for the three main factors of School, Home, and Social/Cultural each of the hierarchy levels 
below had to be calculated upwards in order to give the highlighted factors a value and 
eventually give the final weights). These factor weights gave the following matrices:  
 
Sub-factor:  Main Factors  
 
F1- School   
F2-Social/Cultural  
F3-Home 
 
 
Mu table:  
 

 

 
 
Combined Mu: 0.8000 0.8000 1.0000  
G=1.000 

 E1 E2 E3 Row Avg 
F1 1 1 0.8 0.93 
F2 1 1 0.8 0.93 
F3 1 1 1 1 

Col Sum 3 3 2.6 2.87 
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AHP G+ equation 
G+ = 0.3256F1 + 0.3256F2 + 0.3488F3 
 
Guiasu G+ equation 
G+ = 0.3248F1 + 0.3248F2 + 0.3504F3 
 
Yen G+ equation 
G+ = 0.3256F1 + 0.3256F2 + 0.3488F3 
 
Subfactor:  School 
 
F1 - Political 
F2 – Teacher Quality and Effectiveness 
F3 – School Infrastructure and Resources 
 
 
 
 
 
Mu table:  
 

 E1 E2 E3 Row Avg 
F1 0.4 0.4 0.8 0.53 
F2 1 1 1 1 
F3 1 0.8 1 0.93 

Col Sum 2.4 2.2 2.8 2.5 
Combined Mu: 0.4000 1.0000 0.8000  
G=1.000 
 
AHP G+ equation 
G+ = 0.2162F1 + 0.4054F2 + 0.3784F3 
 
Guiasu G+ equation 
G+ = 0.2114F1 + 0.4095F2 + 0.3791F3 
 
Yen G+ equation 
G+ = 0.2162F1 + 0.4054F2 + 0.3784F3 
 
 
Subfactor:  Social/Cultural  
 
F1 – Total Population 
F2 - Urbanization 
F3 - Diversity 



Paper 6                      Quest: A Journal of Undergraduate Student Research                      Page
  	
  

131 

F4 - Expectations 
F5 - Economics 
 
Mu table:  

 E1 E2 E3 Row Avg 
F1 0.6 0.8 0.8 0.73 
F2 0.6 0.8 1 0.8 
F3 1 0.6 1 0.87 
F4 1 1 1 1 
F5 1 1 1 1 

Col Sum 4.2 4.2 4.8 4.4 
 
Combined Mu: 0.6000 0.6000 0.8000 1.0000 1.0000  
G=1.000 
 
AHP G+ equation 
G+ = 0.1667F1 + 0.1818F2 + 0.1970F3 + 0.2273F4 + 0.2273F5  
 
Guiasu G+ equation 
G+ = 0.1667F1 + 0.1806F2 + 0.1964F3 + 0.2282F4 + 0.2282F5 
 
Yen G+ equation 
G+ = 0.1667F1 + 0.1818F2 + 0.1970F3 + 0.2273F4 + 0.2273F5 
 
Subfactor:  Home 
 
F1 - Individual 
F2 – Family Structure 
 
Mu table:  

 E1 E2 E3 Row Avg 
F1 1 1 1 1 
F2 0.8 1 1 0.93 

Col Sum 1.8 2 2 1.93 
     
Combined Mu: 1.0000 0.8000  
G=1.000 
 
AHP G+ equation 
G+ = 0.5172F1 + 0.4828F2  
 
Guiasu G+ equation 
G+ = 0.5185F1 + 0.4815F2 
 
Yen G+ equation 
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G+ = 0.5172F1 + 0.4828F2  
 
Subfactor:  Political  
F1 - Tenure 
F2 - NCLB 
F3 - Government 
 
Mu table:  
 

 E1 E2 E3 Row Avg 
F1 0.6 0.6 0.8 0.67 
F2 0.6 0.8 1 0.8 
F3 1 0.8 1 0.93 

Col Sum 2.2 2.2 2.8 2.4 
 
Combined Mu: 0.6000 0.6000 0.8000  
G: 0.6825 
 
AHP G+ equation 
G+ = 0.2778F1 + 0.3333F2 + 0.3889F3 
 
Guiasu G+ equation 
G+ = 0.2771F1 + 0.3312F2 + 0.3918F3 
 
Yen G+ equation 
G+ = 0.2774F1 + 0.3355F2 + 0.3871F3 
 
Sub factor:  Teacher Quality and Effectiveness  
 
F1 - Salary 
F2 – Certification Requirement 
F3 – Meet licensing 
F4 - % absent more than 10 days per year 
F5 – Teacher verse Student Race 
F6 – Student Teacher ratio 
F7 - %_Masters degree 
F8 - %_Bachelor's degree 
F9 - %_teachers in first year 
F10 - %_in second year 
F11 - Experience 
 
Mu table:  
 

 E1 E2 E3 
Row 

Avgas 
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F1 1 0.6 1 0.87 
F2 0.8 1 0.8 0.87 
F3 0.8 1 0.8 0.87 
F4 0.4 0.2 0.6 0.4 
F5 0.8 0.2 0.6 0.53 
F6 1 1 0.8 0.93 
F7 0.8 1 1 0.93 
F8 1 1 1 1 
F9 1 1 1 1 
F10 1 0.8 1 0.93 
F11 1 1 1 1 

Col Sum 9.6 8.8 9.6 9.3 
 
Combined Mu: 1.0000 0.8000 0.8000 0.2000 0.2000 1.0000 1.0000 1.0000 1.0000 1.0000 
1.0000  
 
G: 1.0000 
 
AHP G+ equation 
G+ = 0.0929F1 + 0.0929F2 + 0.0929F3 + 0.0429F4 + 0.0571F5 + 0.1000F6    + 0.1000F7 + 
0.1071F8 + 0.1071F9 + 0.1000F10 + 0.1071F11 
 
Guiasu G+ equation 
G+ = 0.0922F1 + 0.0934F2 + 0.0934F3 + 0.0423F4 + 0.0562F5 + 0.1004F6  
   + 0.1004F7 + 0.1073F8 + 0.1073F9 + 0.0997F10 + 0.1073F11 
 
Yen G+ equation 
G+ = 0.0929F1 + 0.0929F2 + 0.0929F3 + 0.0429F4 + 0.0571F5 + 0.1000F6  
   + 0.1000F7 + 0.1071F8 + 0.1071F9 + 0.1000F10 + 0.1071F11  
 
Sub factor:  School Infrastructure/Resources  
 
F1 – Number of Schools 
F2 – ACT scores 
F3 – AP Placement Offerings 
F4 - Curriculum 
F5 - Resources 
 
Mu table:  
 

 E1 E2 E3 Row Avg 
F1 1 1 1 1 
F2 0.8 0.8 1 0.87 
F3 0.8 0.8 1 0.87 
F4 0.8 1 1 0.93 
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F5 1 0.8 0.8 0.87 
Col Sum 4.4 4.4 4.8 4.53 

 
Combined Mu: 1.0000 0.8000 0.8000 1.0000 0.8000  
G: 1.0000 
 
AHP G+ equation 
G+ = 0.2206F1 + 0.1912F2 + 0.1912F3 + 0.2059F4 + 0.1912F5 
 
Guiasu G+ equation 
G+ = 0.2210F1 + 0.1907F2 + 0.1907F3 + 0.2058F4 + 0.1919F5 
 
Yen G+ equation 
G+ = 0.2206F1 + 0.1912F2 + 0.1912F3 + 0.2059F4 + 0.1912F5 
 
Sub factor:  Expectations  
 
F1 – Affiliation with religion 
F2 – Student mobility 
F3 – Grade repetition 
F4 – Attendance rate 
F5 – dropout rate 
F6 - %_attend_2_year_college 
F7 - %_attend_4_year_college 
 
Mu table:  
 
          

 E1 E2 E3 Row Avg 
F1 0.4 0.4 1 0.6 
F2 0.4 1 0.8 0.73 
F3 1 1 0.8 0.93 
F4 1 1 1 1 
F5 1 1 1 1 
F6 0.8 0.8 1 0.87 
F7 0.8 1 0.8 0.87 

Col Sum 5.4 6.2 6.4 6 
 
Combined Mu: 0.4000 0.4000 1.0000 1.0000 1.0000 0.8000 0.8000  
G: 1.0000 
 
AHP G+ equation 
G+ = 0.1000F1 + 0.1222F2 + 0.1556F3 + 0.1667F4 + 0.1667F5 + 0.1444F6 + 0.1444F7 
 
Guiasu G+ equation 
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G+ = 0.0983F1 + 0.1201F2 + 0.1572F3 + 0.1676F4 + 0.1676F5 + 0.1445F6 + 0.1448F7 
 
Yen G+ equation 
G+ = 0.1000F1 + 0.1222F2 + 0.1556F3 + 0.1667F4 + 0.1667F5 + 0.1444F6 + 0.1444F7 
 
 
Sub factor:  Economics 
F1 – Median Income 
F2 – Average house cost 
F3 – Homeownership rate 
F4 – Free and reduced lunch rate 
 
Mu table:  
 
          

 E1 E2 E3 Row Avg 
F1 0.8 0.8 0.8 0.8 
F2 0.8 0.8 0.8 0.8 
F3 0.6 0.8 0.8 0.73 
F4 0.8 1 1 0.93 

Col Sum 3 3.4 3.4 2.67 
 
 
 
Combined Mu: 0.8000 0.8000 0.6000 0.8000  
G: 0.7622 
 
AHP G+ equation 
G+ = 0.2449F1 + 0.2449F2 + 0.2245F3 + 0.2857F4 
 
Guiasu G+ equation 
G+ = 0.2458F1 + 0.2458F2 + 0.2235F3 + 0.2850F4  
 
Yen G+ equation 
G+ = 0.2464F1 + 0.2464F2 + 0.2227F3 + 0.2844F4 
 
Sub factor:  Individual  
 
F1 - Disability 
F2 - Motivation 
F3 – After School activities 
 
Mu table:  
 

 E1 E2 E3 Row Avg 
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F1 0.4 1 0.8 0.73 
F2 1 1 1 1 
F3 0.8 0.8 1 0.87 

Col Sum 2.2 2.8 2.8 2.6 
 
Combined Mu: 0.4000 1.0000 0.8000  
G: 1.0000 
 
AHP G+ equation 
G+ = 0.2821F1 + 0.3846F2 + 0.3333F3  
 
Guiasu G+ equation 
G+ = 0.2749F1 + 0.3896F2 + 0.3355F3 
 
Yen G+ equation 
G+ = 0.2821F1 + 0.3846F2 + 0.3333F3 
 
 
 
 
Sub factor:  Family Structure  
 
F1 – Other language at home 
F2 - ESL 
F3 - % foreign born 
F4 – poverty level 
F5 – cost of living 
F6 – low income 
F7 – parental involvement 
F8 - # in household 
F9 – median age of parents 
F10 – single mother family 
F11 – single father family 
F12 – parental education 
 
Mu table:  
 
          

 E1 E2 E3 Row Avg 
F1 0.8 1 0.8 0.87 
F2 0.8 1 0.8 0.87 
F3 0.8 1 0.8 0.87 
F4 1 1 1 1 
F5 1 1 0.8 0.93 
F6 0.8 1 1 0.93 
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F7 1 1 1 1 
F8 0.8 0.4 0.8 0.67 
F9 0.4 0.4 1 0.6 
F10 0.6 0.6 1 0.73 
F11 0.6 0.6 1 0.73 
F12 0.6 1 1 0.87 

Col Sum 9.2 10 11 10.07 
 
Combined Mu: 0.8000 0.8000 0.8000 1.0000 1.0000 0.8000 1.0000 0.4000 0.4000 0.6000 
0.6000 0.8000  
G: 1.0000 
 
AHP G+ equation 
G+ = 0.0861F1 + 0.0861F2 + 0.0861F3 + 0.0993F4 + 0.0927F5 + 0.0927F6  
+ 0.0993F7 + 0.0662F8 + 0.0596F9 + 0.0728F10 + 0.0728F11 + 0.0861F12 
 
Guiasu G+ equation 
G+ = 0.0866F1 + 0.0866F2 + 0.0866F3 + 0.0999F4 + 0.0938F5 + 0.0926F6   + 0.0999F7 + 
0.0666F8 + 0.0581F9 + 0.0720F10 + 0.0720F11 + 0.0854F12 
 
Yen G+ equation 
G+ = 0.0861F1 + 0.0861F2 + 0.0861F3 + 0.0993F4 + 0.0927F5 + 0.0927F6  
   + 0.0993F7 + 0.0662F8 + 0.0596F9 + 0.0728F10 + 0.0728F11 + 0.0861F12  
 
Sub factor:  Tenure 
 
F1 – Years Required 
F2 – Retirement Age 
F3 - Pension 
 
Mu table:  
          

 E1 E2 E3 
Row 
Avg 

F1 1 0.8 0.8 0.86 
F2 1 0.8 0.6 0.8 
F3 1 0.8 1 0.93 

ColumnSum 3 2.4 2.4 2.6 
 
Combined Mu: 0.8000 0.6000 0.8000  
G: 0.7480 
 
AHP G+ equation 
G+ = 0.3333F1 + 0.3077F2 + 0.3590F3 
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Guiasu G+ equation 
G+ = 0.3333F1 + 0.3056F2 + 0.3611F3 
 
Yen G+ equation 
G+ = 0.3333F1 + 0.3095F2 + 0.3571F3 
 
Sub factor:  Government  
 
F1 – School District Revenue 
F2 – Operating Expense per pupil 
F3 - # schools with disability focus 
 
Mu table:  
 

 E1 E2 E3 
Row 
Avg 

F1 0.8 0.8 0.8 0.8 
F2 0.8 0.6 0.6 0.67 
F3 1 0.8 0.8 0.87 

ColumnSum 2.6 2.2 2.2 2.33 
 
Combined Mu: 0.8000 0.6000 0.8000  
G: 0.7480 
 
AHP G+ equation 
G+ = 0.3429F1 + 0.2857F2 + 0.3714F3 
 
Guiasu G+ equation 
G+ = 0.3450F1 + 0.2844F2 + 0.3706F3 
 
Yen G+ equation 
G+ = 0.3457F1 + 0.2840F2 + 0.3704F3 
 
 
Sub factor:  ACT_scores  
 
F1 – composite score 
F2 - %_LEP 
F3 - %_IEP 
 
Mu table:  

 E1 E2 E3 
Row 
Avg 

F1 0.4 0.6 0.8 0.6 
F2 0.4 0.6 0.8 0.6 
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F3 0.6 0.6 1 0.73 
ColumnSum 1.4 1.8 2.6 1.93 

 
Combined Mu: 0.4000 0.4000 0.6000  
 
G: 0.4759 
 
AHP G+ equation 
G+ = 0.3103F1 + 0.3103F2 + 0.3793F3  
 
Guiasu G+ equation 
G+ = 0.3089F1 + 0.3089F2 + 0.3822F3 
 
Yen G+ equation 
G+ = 0.3109F1 + 0.3109F2 + 0.3782F3  
 
Sub factor:  Curriculum  
 
F1 – number of schools with advanced math 
F2 – number of schools with advanced science 
 
 
Mu table:  
 
          

 E1 E2 E3 
Row 
Avg 

F1 0.6 1 1 0.87 
F2 0.6 1 1 0.87 

ColumnSum 1.2 2 2 1.73 
 
Combined Mu: 0.6000 0.6000  
G: 0.6000 
 
AHP G+ equation 
G+ = 0.5000F1 + 0.5000F2 
 
Guiasu G+ equation 
G+ = 0.5000F1 + 0.5000F2 
 
Yen G+ equation 
G+ = 0.5000F1 + 0.5000F2  
 
Sub factor:  After School activities  
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F1 - Expulsions 
F2 – Refer to law enforcement 
F3 - in-school suspension 
F4 – out of school suspension 
F5 – school related arrests 
F6 – money spent on student activities 
 
Mu table:  
 

 E1 E2 E3 Row Avg 
F1 0.8 0.8 1 0.87 
F2 0.8 0.8 1 0.87 
F3 0.6 0.8 1 0.8 
F4 0.8 0.8 1 0.87 
F5 1 0.8 0.8 0.87 
F6 1 0.8 0.8 0.87 

ColumnSum 5 4.8 5.6 5.13 
 
Combined Mu: 0.8000 0.8000 0.6000 0.8000 0.8000 0.8000  
G: 0.7755 
 
AHP G+ equation 
G+ = 0.1688F1 + 0.1688F2 + 0.1558F3 + 0.1688F4 + 0.1688F5 + 0.1688F6 
 
Guiasu G+ equation 
G+ = 0.1684F1 + 0.1684F2 + 0.1551F3 + 0.1684F4 + 0.1698F5 + 0.1698F6 
 
Yen G+ equation 
G+ = 0.1687F1 + 0.1687F2 + 0.1566F3 + 0.1687F4 + 0.1687F5 + 0.1687F6 
********************************** 
Sub factor:  parental_education  
 
F1 – High School 
F2 - Bachelors 
 
Mu table:  
 
          

 E1 E2 E3 Row Avg 
F1 1 0.6 1 0.87 
F2 1 1 1 1 

ColumnSum 2 1.6 2 1.87 
 
Combined Mu: 0.6000 1.0000  
G: 1.0000 
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AHP G+ equation 
G+ = 0.4643F1 + 0.5357F2 
 
Guiasu G+ equation 
G+ = 0.4583F1 + 0.5417F2 
 
Yen G+ equation 
G+ = 0.4643F1 + 0.5357F2 
 
Sub factor:  School District Revenue  
 
F1 - Local 
F2 - State 
F3 - Federal 
 
Mu table: 
          

 E1 E2 E3 Row Avg 
F1 1 1 1 1 
F2 1 0.8 1 0.93 
F3 1 0.6 0.6 0.73 

ColumnSum 3 2.4 2.6 2.67 
 
Combined Mu: 1.0000 0.8000 0.6000  
G: 1.0000 
 
AHP G+ equation 
G+ = 0.3750F1 + 0.3500F2 + 0.2750F3 
 
Guiasu G+ equation 
G+ = 0.3782F1 + 0.3504F2 + 0.2714F3 
 
Yen G+ equation 
G+ = 0.3750F1 + 0.3500F2 + 0.2750F3 
 
--------------------Final Equations---------------- 
 
The row averages from this matrix represent the weights as determined by the Guiasu method. 
   
Guiasu final F+ equation: 
 
GuiasuF+ = 0.0063 F1 + 0.0058 F2 + 0.0069 F3 + 0.0227 F4 + 0.0035 F5 + 0.0033 F6  
         + 0.0025 F7 + 0.0076 F8 + 0.0100 F9 + 0.0123 F10 + 0.0124 F11 + 0.0124 F12 
         + 0.0056 F13 + 0.0075 F14 + 0.0133 F15 + 0.0133 F16 + 0.0143 F17 + 0.0143 F18  
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         + 0.0133 F19 + 0.0143 F20 + 0.0272 F21 + 0.0073 F22 + 0.0073 F23 + 0.0090 F24  
         + 0.0235 F25 + 0.0127 F26 + 0.0127 F27 + 0.0236 F28 + 0.0541 F29 + 0.0586 F30  
         + 0.0638 F31 + 0.0073 F32 + 0.0089 F33 + 0.0116 F34 + 0.0124 F35 + 0.0124 F36  
         + 0.0107 F37 + 0.0107 F38 + 0.0182 F39 + 0.0182 F40 + 0.0166 F41 + 0.0211 F42 
         + 0.0499 F43 + 0.0708 F44 + 0.0103 F45 + 0.0103 F46 + 0.0095 F47 + 0.0103 F48  
         + 0.0104 F49 + 0.0104 F50 + 0.0146 F51 + 0.0146 F52 + 0.0146 F53 + 0.0169 F54  
         + 0.0158 F55 + 0.0156 F56 + 0.0169 F57 + 0.0112 F58 + 0.0098 F59 + 0.0122 F60 
         + 0.0122 F61 + 0.0066 F62 + 0.0078 F63 
------------------------------------------------ 
Next, the analytic hierarchy process will be considered.  
 
AHP final F+ equation: 
 
AHPF+ = 0.0065 F1 + 0.0060 F2 + 0.0070 F3 + 0.0235 F4 + 0.0035 F5 + 0.0033 F6  
      + 0.0026 F7 + 0.0078 F8 + 0.0102 F9 + 0.0123 F10 + 0.0123 F11 + 0.0123 F12  
      + 0.0057 F13 + 0.0075 F14 + 0.0132 F15 + 0.0132 F16 + 0.0141 F17 + 0.0141 F18 
      + 0.0132 F19 + 0.0141 F20 + 0.0272 F21 + 0.0073 F22 + 0.0073 F23 + 0.0089 F24 
      + 0.0236 F25 + 0.0127 F26 + 0.0127 F27 + 0.0236 F28 + 0.0543 F29 + 0.0592 F30 
      + 0.0641 F31 + 0.0074 F32 + 0.0090 F33 + 0.0115 F34 + 0.0123 F35 + 0.0123 F36  
      + 0.0107 F37 + 0.0107 F38 + 0.0181 F39 + 0.0181 F40 + 0.0166 F41 + 0.0211 F42  
      + 0.0509 F43 + 0.0694 F44 + 0.0102 F45 + 0.0102 F46 + 0.0094 F47 + 0.0102 F48  
      + 0.0102 F49 + 0.0102 F50 + 0.0145 F51 + 0.0145 F52 + 0.0145 F53 + 0.0167 F54 
      + 0.0156 F55 + 0.0156 F56 + 0.0167 F57 + 0.0112 F58 + 0.0100 F59 + 0.0123 F60 
      + 0.0123 F61 + 0.0067 F62 + 0.0078 F63 
Next, we consider the Yen Method. 
 
Yen final F+ equation: 
 
YenF+ = 0.0065 F1 + 0.0060 F2 + 0.0070 F3 + 0.0236 F4 + 0.0035 F5 + 0.0033 F6  
      + 0.0026 F7 + 0.0077 F8 + 0.0101 F9 + 0.0123 F10 + 0.0123 F11 + 0.0123 F12 
      + 0.0057 F13 + 0.0075 F14 + 0.0132 F15 + 0.0132 F16 + 0.0141 F17 + 0.0141 F18  
      + 0.0132 F19 + 0.0141 F20 + 0.0272 F21 + 0.0073 F22 + 0.0073 F23 + 0.0089 F24  
      + 0.0236 F25 + 0.0127 F26 + 0.0127 F27 + 0.0236 F28 + 0.0543 F29 + 0.0592 F30  
      + 0.0641 F31 + 0.0074 F32 + 0.0090 F33 + 0.0115 F34 + 0.0123 F35 + 0.0123 F36  
      + 0.0107 F37 + 0.0107 F38 + 0.0182 F39 + 0.0182 F40 + 0.0165 F41 + 0.0210 F42  
      + 0.0509 F43 + 0.0694 F44 + 0.0101 F45 + 0.0101 F46 + 0.0094 F47 + 0.0101 F48  
      + 0.0101 F49 + 0.0101 F50 + 0.0145 F51 + 0.0145 F52 + 0.0145 F53 + 0.0167 F54  
      + 0.0156 F55 + 0.0156 F56 + 0.0167 F57 + 0.0112 F58 + 0.0100 F59 + 0.0123 F60  
      + 0.0123 F61 + 0.0067 F62 + 0.0078 F63 
 
------------------------------------------------
Factors descriptions in the final equation.  
 
F1 – Years Required 
F2 – Retirement Age 
F3 - Pension 

F4 - NCLB 
F5 – Local 
F6 - State 
F7 - Federal 
F8 – Operating Expense per pupil 
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F9 - # schools with disability focus 
F10 - Salary 
F11 – Certification Requirement 
F12 – Meet licensing 
F13 - % absent more than10 days per year 
F14 – Teacher vs. Student Race 
F15 – Student Teacher ratio 
F16 - % Masters degree 
F17 - % Bachelor's degree 
F18 - % in first year 
F19 - % in second year 
F20 - Experience 
F21 - #_schools 
F22 – composite score 
F23 - %_LEP 
F24 - %_IEP 
F25 – AP placement offerings 
F26 - #_schools with advanced math 
F27 - #_schools with advanced science 
 
 
F28 – Resources 
F29 – Total Population 
F30 - Urbanization 
F31 - Diversity 
F32 – Affiliation with religion 
F33 – Student mobility 
F34 – Grade repetition 
F35 – Attendance rate 

F36 – dropout rate 
F37 - %_attend_2_year_college 
F38 - %_attend_4_year_college 
F39 – Median Income 
F40 – Average house cost 
F41 – homeownership rate 
F42 – free and reduced lunch rate 
F43 - Disability 
F44 - Motivation 
F45 - Expulsions 
F46 – Refer to law enforcement 
F47 - in-school suspension 
F48 – out of school suspension 
F49 – school related arrests 
F50 – money spent on student activities 
F51 – Other language at home 
F52 - ESL 
F53 - % foreign born 
F54 – poverty level 
F55 – cost of living 
F56 – low income 
F57 – parental involvement 
F58 - # in household 
F59 – median age of parents 
F60 – single mother family 
F61 – single father family 
F62 – High School 
F63 - Bachelors 

------------------------------------------------------------------------------------------------------------------ 
 
The calculated values for the factors and sub-factors (Fi,Fij,Fijk,Fijkl,Fijklm, where i=1,…,12 for 
each city were then substituted into each equation to give the overlaying factors a value and to 
eventually determine how well each city is doing with respect to education and poverty.   
 
The higher the overall score, the better a city is responding to the needs of its students.  Using 
these scores the cities were then ranked.  Each method provided the same ranking order for the 
cities. 
 
Through a fuzzy mathematical approach to the analysis of poverty’s effect on education, the 
following scores and rankings were obtained: 
 
AHP GRank: 
 
City   GRank 
Chicago, IL  0.2521 

New Trier, IL  0.8474 
Springfield, IL  0.5307 
St. Louis, MO  0.3205 
Jefferson City, MO 0.5600 
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Colombia, MO 0.5032 
Des Moines, IA 0.4728 
Cedar Rapids, IA 0.5654 
Omaha, NE  0.5148 
Lincoln, NE  0.5773 
 
Guiasu GRank: 
 
City   GRank 
Chicago, IL  0.2518 

New Trier, IL  0.8477 
Springfield, IL  0.5296 
St. Louis, MO  0.3204 
Jefferson City, MO 0.5597 
Colombia, MO 0.5039 
Des Moines, IA 0.4742 
Cedar Rapids, IA 0.5667 
Omaha , NE  0.5159 
Lincoln, NE  0.5788 

 
Yen  GRank: 
 
City   GRank 
Chicago, IL  0.2522 
New Trier, IL  0.8475 
Springfield, IL  0.5397 
St. Louis, MO  0.3203 
Jefferson City, MO 0.5600 
Colombia, MO 0.5032 
Des Moines, IA 0.4728 
Cedar Rapids, IA 0.5653 
Omaha , NE  0.5147 
Lincoln, NE  0.5772 
G Rankings  
Ranked City   AHP    Guiasu  Yen 
1. New Trier, IL  0.8474   0.8477  0.8475 
2. Lincoln, NE   0.5773   0.5788  0.5772 
3. Cedar Rapids, IA   0.5654   0.5667  0.5653 
4. Jefferson City, MO  0.5600   0.5597  0.5600 
5. Springfield, IL  0.5307   0.5296  0.5397 
6. Omaha, NE   0.5148   0.5159  0.5147 
7. Columbia, MO  0.5032   0.5039  0.5032 
8. Des Moines, IA  0.4728   0.4742  0.4728 
9. St. Louis, MO  0.3205   0.3204  0.3203 
10. Chicago, IL  0.2521   0.2518  0.2522 

 
Final Rankings  
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Fuzzy Preference Relations 
Using fuzzy preference techniques, we can determine the degree to which the experts considered 
each factor’s importance in relation to the others.  Using the matrix of expert opinions these 
fuzzy preference relations can be performed.  We will only do this for the three main factors of 
the overarching goal due to the abundance of data that would be required to complete each sub-
factors preference relation.   
 
Mu_ Table Main Factors 

 E1 E2 E3 
F1 1.0 1.0 0.8 
F2 1.0 1.0 0.8 
F3 1.0 1.0 1.0 

 
Let X = {F1, F2, F3}.  We use the following fuzzy binary relations pk, k =1,2,3, on X to give the 
three experts’ preferences toward Fi over the other Fi’s.   
 
 Define pk: X x X [0,1] by∀��,��∈�	
  �	
  �, 
 
���	
  ��=�����ℎ���	
  ���	
  ���	
  �,	
  �=1,2,3	
  ���	
  �=1,2,3. 
 
������,��=(���−���+0.5∧1	
  ��	
  ���≥���[1−(���−���+1−.05]∧1	
  �����<���	
   
 
Then, we have the following matrices, Rk , which represent the pk . 
 
Preference Relations using main factors: 
 

R1 F1 F2 F3 
F1 0.5 0.5 0.5 
F2 0.5 0.5 0.5 
F3 0.5 0.5 0.5 

    

R2 F1 F2 F3 
F1 0.5 0.5 0.5 
F2 0.5 0.5 0.5 
F3 0.5 0.5 0.5 

 F1 F2 F3 

0	
   0.1	
   0.2	
   0.3	
   0.4	
   0.5	
   0.6	
   0.7	
   0.8	
   0.9	
  

Chicago,	
  IL	
  
St.	
  Louis,	
  MO	
  

Des	
  Moines,	
  IA	
  
Columbia,	
  MO	
  
Omaha,	
  NE	
  

Springhield,	
  IL	
  
Jefferson	
  City,	
  MO	
  
Cedar	
  Rapids,	
  IA	
  

Lincoln,	
  NE	
  
New	
  Trier,	
  IL	
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R3 
F1 0.5 0.5 0.3 
F2 0.5 0.5 0.3 
F3 0.7 0.7 0.5 

 
We now consider consensus. From the individual fuzzy preference relations, we determine first a 
special fuzzy preference relation R, which is similar to its individual counter parts, but includes 
the whole group of experts. We can then find a solution from it.   
Let Ak = [r kij], k =1,2,3. 
  
Let ��=[����] where for all i,j=1,2,3 and k=1,2,3. 
 
����=1	
  ��	
  ����>0.50	
  ��	
  ��ℎ������	
   
 
Then:
 

 
A1 F1 F2 F3 
F1 0.0 0.0 0.0 
F2 0.0 0.0 0.0 
F3 0.0 0.0 0.0 

 
 

A2 F1 F2 F3 
F1 0.0 0.0 0.0 
F2 0.0 0.0 0.0 
F3 0.0 0.0 0.0 

 
 

A3 F1 F2 F3 
F1 0.0 0.0 0.0 
F2 0.0 0.0 0.0 
F3 1.0 1.0 0.0 

 
 
Let Rk = [r kij], k =1,2,3. 
Let R = ��� where for all	
  �,�=1,2,3. 
���=13�=13����	
  	
  	
  	
  	
  	
  ��	
  �≠�0	
  	
  	
  	
  	
  	
  	
  ��	
  ��ℎ������	
   
 

 
Matrix R: 

R F1 F2 F3 
F1 0.0000 0.0000 0.0000 
F2 0.0000 0.0000 0.0000 
F3 0.3333 0.3333 0.3333 

 
Consensus Winners 
Next, we determine a solution from a fuzzy preference relation.   
Let �=[���] where for all i,j=1,2,3. 
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���=1	
  	
  	
  	
  	
  ��	
  ��>0.5	
  	
  	
  	
  	
  	
  	
  0	
  	
  	
  	
  	
  ��	
  ��ℎ������	
   
And   ��� expresses whether Fi defeats Fj. (which expresses whether or not Fi is preferred to Fj.)  
 
 
 

G F1 F2 F3 
F1 0.0 0.0 0.0 
F2 0.0 0.0 0.0 
F3 0.0 0.0 0.0 

 
    

 
Now,	
  ���=13�=14��� is the mean degree to which Fi is preferred to all other Fj. 

G-list: 
g1=0.000 
g2=0.000 

            g3=0.000 
 
Also, let ���=��(��) is the extent to which Fi is preferred to Q other Fj, j = 1,2,3 and Q 
denotes “most.” 

Let ��� be the fuzzy consensus winner. 
 
 
The fuzzy Q-consensus winner is defined to be the fuzzy subset 
 
���=����=	
  	
  	
  	
  	
  	
  	
  	
  1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ��	
  0.8≤��≤1.02(��)−0.6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ��	
  0.3<��<0.80	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
��	
  0≤��≤0.3 
Then, 
��1=���1=��0=0.000 
��2=���2=��0=0.000 
��3=���3=��0=0.000 
 
Conclusion: 
From these calculated values, it is observed that F1, F2, F3 are not preferred to any other Fi 
(because their value is 0).  From this information, it can be concluded that the experts polled 
believe that each of the main factors contribute equal importance to the overarching goal. 
 
 
Fuzzy preference relations were used further to determine the relationship between each of the 
main factors. 
 
Definition: 
Let S, I,>,R,~ be relations on a set X having the following meanings: Let �,�∈�. 
 S: Outranking Relation 
  xSy means x is not worse than y 
 I: Indifference Relation 
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xIy means x and y are indifferent 
 >: Preference Relation 

x>y means x is preferred to y  
 R: Incompatibility Relation 

xRy means x and y are incomparable 
 ~: Non-Preference Relation 

x~y means x and y cannot be discriminated between  
 
 
Definition: 
Define the following indices from 	
  �:∀�,�∈�, 
 
Indifference Index: 
         	
  	
  	
  	
  	
  ���,�=��,�∧��,� 
Incompatibility Index: 
 ���,�=(1−��,�∧(1−��,�) 
 
Preference Index: 
 >��,�=��,�∧(1−��,�) 
Non-Preference Index 
              ~��,�=(��,�∧��,�)∨(1−��,�∧1−��,�) 
 
  
Outranking Relation 
Let S=R, where R= 

 
Matrix R: 

R F1 F2 F3 
F1 0.0000 0.0000 0.0000 
F2 0.0000 0.0000 0.0000 
F3 0.3333 0.3333 0.3333 

 
For the outranking relation S, the matrix shows: 
 F1 is not worse than  F2 and F3 with an intensity of 0. 
 F2 is not worse than F1 and F3 with an intensity of 0. 
 F3 is not worse than F1 and F2 with an intensity of 0.3333. 
     
Indifference Relation: 

 
Matrix 

I(S) 
 F1 F2 F3 

F1 0.0 0.0 0.0 
F2 0.0 0.0 0.0 
F3 0.0 0.0 0.0 
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For the Indifference Relation I, the matrix shows: 
 F1 and F2 are indifferent with an intensity of 0. 
   F3 are indifferent with an intensity of 0. 
 F2 and F1 are indifferent with an intensity of 0.  
  F3 are indifferent with an intensity of 0. 
 F3 and F1 are indifferent with an intensity of 0. 
  F2 are indifferent with an intensity of 0.  
 
Incompatibility Relation: 

 
MatrixR(S) 

 F1 F2 F3 
F1 1.0 1.0 0.6667 
F2 1.0 1.0 0.6667 
F3 0.6667 0.6667 1.0 

 
For the incompatibility relation R, the matrix shows:  
 F1 and F2 are incomparable with an intensity of 1.0. 
   F3 are incomparable with an intensity of 0.6667. 
 F2 and F1 are incomparable with an intensity of 1.0. 
   F3 are incomparable with an intensity of 0.6667. 
 F3 and F1 are incomparable with an intensity of 0.6667. 
  F2 are incomparable with an intensity of 0.6667. 
Preference Relation: 

 
Matrix>(S) 

 F1 F2 F3 
F1 0.0 0.0 0.0 
F2 0.0 0.0 0.0 
F3 0.3333 0.3333 0.0 

 
For the preference relation >, the matrix shows: 
 F1 is preferred to F2 with an intensity of 0. 
           F3 with an intensity of 0. 
 F2 is preferred to F1 with an intensity of 0. 
           F3 with an intensity of 0. 
 F3 is preferred to F1 with an intensity of 0.3333. 
           F2 with an intensity of 0.3333. 
 
Non-Preference Relation: 

Matrix~(S) 
 

 
 

F1 

 
 

F2 

 
 

F3 
F1 1.0 1.0 0.6667 
F2 1.0 1.0 0.6667 
F3 0.6667 0.6667 1.0 
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For the non-preference relation ~, the matrix shows: 
 F1 and F2 cannot be discriminated between with an intensity of 1.0. 
  F3 cannot be discriminated between with an intensity of 0.6667. 

F2 and F1 cannot be discriminated between with an intensity of 1.0 
 F3 cannot be discriminated between with an intensity of 0.6667. 
F3 and F1 cannot be discriminated between with an intensity of 0.6667. 
 F2 cannot be discriminated between with an intensity of 0.6667. 

 
We can now consider the degree of strict agreement between the experts, m,n=1,2,3.   
����,�=1	
  	
  	
  	
  	
  	
  	
  	
  	
  ��	
  ����−����≤1−0.94=0.060	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ��	
  ��ℎ������  
 
	
  	
  	
  ���12= 
Matrix: v(1,2): 

 

 
 

F1 

 
 

F2 

 
 

F3 
F1 1.0 0.0 1.0 
F2 1.0 0.0 1.0 
F3 1.0 1.0 1.0 

 
 
	
  	
  	
  ���13= 
Matrix: v(1,3): 

 

 
 

F1 

 
 

F2 

 
 

F3 
F1 1.0 0.0 0.0 
F2 1.0 0.0 0.0 
F3 0.0 0.0 1.0 

 
 
	
  	
  	
  ���23= 
Matrix: v(2,3): 

 

 
 

F1 

 
 

F2 

 
 

F3 
F1 1.0 1.0 0.0 
F2 1.0 1.0 0.0 
F3 0.0 0.0 1.0 

 
The degree of agreement of all pairs of experts m,n is given by the formula: 
��=13�=12�=�+13��(�,�) 
 



Paper 6                      Quest: A Journal of Undergraduate Student Research                      Page
  	
  

151 

Then,  
Matrix VB: 

 

 
 
 

1.0 0.3333 
 0.3333 
  

��=13	
  	
  	
  1+13+13	
  	
   
 ��=13(	
  	
  53) 
              ��=0.5556 
 
Therefore, the degree of agreement of all pairs of experts is: 0.5556. 
 
From this we can conclude that all of the experts agree on the impact of the main factors about 
56 % of the time.   
 
 
Conclusion 

According to our fuzzy preference relations, our experts agreed on the importance of the 
main factors 56% of the time. Using this relation we can assume our model equations using the 
Analytical Hierarchy Process, The Giuasu Method and Yen Method are valid with respecting to 
the factor weighting. From these statistical methods we reached a consensus ranking of our ten 
cities. At the top of the list is New Trier which has no economic, size, or racial diversity that its 
education system has to combat with. The rest of our results revealed clusters of similar cities 
and schools ranked together. The next group below New Trier is Cedar Rapids, Jefferson City 
and Lincoln and the next is Springfield, Omaha and Columbia. Des Moines is on its own and the 
lowest group was St. Louis and Chicago. St. Louis and Chicago have lower scores because their 
negative factors in the G equation are higher than the other cities. From this model and ranking 
we can assume that our model, made for public and urban schools would be viable to analyze 
rural towns. A rural town would most likely rank below New Trier and above or around Cedar 
Rapids and Lincoln because does it would not have high negative factors.  
 
 
Appendix [1] 
 
Expert Survey 
Rank each factor 1-5 (1=no impact, 5= major impact): 
 
Rank each factor based on how much it impacts educational success 
___School 
___Social/Cultural 
___Home 
 
Rank each factor based on the impact it has on a successful school environment 
___Political  
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___Teachers Quality and Effectiveness 
___School Infrastructure 
 
Rank each factor based on the impact it has on the political criteria in school environments 
___NCLB 
___Tenure 
___Government $ 
 
Rank each factor of tenure/teacher security based on its impact on the political environment in 
schools 
___Years required 
___Retirement Age 
___Pension $ 
 
Rank each factor based on it measures government spending affecting educational success 
___total school district revenue 
___operating expense per pupil 
___# schools where primary focus is disabilities 
 
Rank each factor based on its impact on school budgets  
___Local Funding  
___State Funding 
___Federal Funding 
 
Rank each factor based on its impact on teacher quality and effectiveness  
___salary 
___certification requirement 
___Meet licensing 
___% absent 7-10 days/year 
___degree that racial diversity of teachers matches students 
___student—teacher radio 
___% with master’s degree 
___% with bachelor’s degree 
___% in first year 
___% in second year  
___% experience (in years) 
 
 
 
 
Rank each factor based on its impact on school infrastructure and resources 
___# of schools 
 __# elementary and middle schools 
 __# high schools 
___ACT scores 
___Advanced Placement Offerings 
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___Curriculum  
___Resources 
 
Rank each factor based its impact the prevalence of ACT scores in determining educational 
success 
___composite score 
___#LEP students 
___#IEP students 
 
Rank each factor based on how it measures curriculum’s impact on educational success 
___# schools with advanced math 
___# schools with advanced science 
 
Rank each factor based on its impact on the social/cultural environment of students determining 
educational success 
___Total population 
___Urbanization 
___Diversity 
___Economics 
___Educational Expectations 
 
Rank each factor based on its impact on economics determining educational success 
___Median Income 
___Average house cost 
___Home ownership rate 
___Free and reduced lunch rate 
 
Rank each factor based on how it measures the impact educational expectations have on 
educational success 
___Affiliation with religion 
___Student Mobility 
___Grade Repetition 
___Attendance Rate 
___dropout rate 
___% attend 2 year college 
___% attend 4 year college 
 
Rank each factor based on its impact on the home environment of students determining 
educational success 
___Individual 
___Family Structure 
 
Rank each factor based on its impact on an individual to achieve educational success 
___disability 
___motivation/self-concept 
___after school activities 
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Rank each factor based on how it measures after school activities impact on educational success 
___Expulsions 
___Referred to law enforcement 
___In-school suspensions 
___Out of school suspensions 
___School Related arrests 
___ $ spent on Student Activities 
 
Rank each factor based on its impact on family structure and educational success 
___% other language at home 
___% ESL 
___ % foreign-born  
___poverty level 
___cost of living 
___low income 
___parental involvement 
___# in household 
___median age of parents 
___mother as head of single family households 
___father as head of single family households 
___Parental Education 
 ___High School 
 ___Bachelors 
 
Teacher/Student Racial Comparison: 

% S 
White 

T 
White 

S 
Black 

T 
Black 

S 
Asian 

T 
Asian 

S 
Latino 

T 
Latino 

S 
N.A. 

T 
N.A. 

% 
Match 

Chicago 9.3 42.4 45.0 19.5 3.6 3.4 41.9 14.2 2.0 0.2 80% 

New Trier 85.0 93.3 0.6 1.2 9.0 4.1 1.8 1.4 0.0 0.0 100% 

Springfield 51.1 88.5 37.0 8.7 2.0 0.7 1.8 0.7 0.3 0.1 86% 

St. Louis 13.4 93.3 81.2 5.3 2.3 0.7 3.1 0.7 0.2 0.0 68% 

Jefferson 
City 

75.0 93.3 20 5.3 1.6 0.7 3.1 0.7 0.3 0.0 92% 

Columbia 64.4 93.3 21.4 5.3 5.1 0.7 4.7 0.7 0.4 0.0 90% 

Des 
Moines 

48.0 92.0 17.0 3.0 6.0 1.0 22.0 4.0 0.0 0.0 82% 

Cedar 
Rapids 

74.0 93.0 15.0 2.0 2.0 0.0 5.0 2.0 0.0 0.0 92% 

Omaha 34.0 90.0 27.0 3.0 3.0 0.0 31.0 3.0 1.0 0.0 76% 

Lincoln 73.0 97.0 7.0 0.0 5.0 0.0 12.0 2.0 1.0 0.0 92% 

 
Cities with Populations and Urbanization Rankings 

Within 
__% 

10%=20 

20%=16 

30%=14 

40%=12 

50%=10 

60%=8 

70%=6 

80%=4 

90%=2 
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