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To p ar ap hr ase E nglish scientist,  p hilosop her ,  and  ed u cator  A lfr ed  W hitehead ,  the 
p u r p ose of ed u cation is not to fill a v essel b u t to k ind le a fir e.  W e encou r age 
stu d ents to b e cr eativ e and  imaginativ e in their  lear ning.  This d esir ab le goal is not 
an easy one to r ealiz e in mathematics w ith stu d ents w hose p r imar y inter ests ar e in 
ar eas other  than mathematics.  E v en w ith stu d ents maj or ing in p r ogr amming at ou r  
G lob e I nstitu te of Technology,  a fou r -year  N ew  Y or k  C ity college sp ecializ ing in 
infor mation technology and  b u siness.  
To ser v e the need s of  these stu d ents esp ecially r etu r ning ad u lts stu d ents w hose 
mathematical p r oficiencies may hav e d eclined  d u r ing year s aw ay fr om ed u cation,  
w e set u p  cou r se p r oj ects to cr eate simp le p r ogr ams su ch as calcu lation of a d istance 
in C ar tesian coor d inate p lane,  find ing the slop e of linear  fu nction,  solv ing q u ad r atic 
eq u ations and  systems of linear  eq u ations u sing gr ap hing calcu lator s and  
comp u ter s.  O ne of the p r ogr ams is or ientation lines in coor d inate p lane.  W e hav e  
d esigned  an assignment for  one of the r emed ial classes to constr u ct a p r ogr am 
consisting of inp u ts X  and  Y -coor d inates of a giv en set of p oints,  slop e for mu la,  and  
d isp laying the final r esu lts b y a gr ap hing calcu lator .   The p r ocess of constr u cting 
and  ex ecu ting this p r ogr am let the stu d ents to u nd er stand  clear ly the r elationship  
b etw een inp u ts and  ou tp u ts and  how  or ientation of the lines changes w ith d iffer ent 
sets of giv en p oints.  The stu d ents hav e u nd er stood  that the change of a r u le of 
cor r esp ond ence b etw een inp u ts and  ou tp u ts in their  p r ogr ams giv es calcu lation of a 
d istance in r ectangu lar  coor d inate p lane,  solu tions of linear  and  q u ad r atic 
eq u ations.  S tep s for  these p r ogr ams ar e :  
S tep  1 .  E nter  inp u ts (  inp u t A ,  inp u t B ,  inp u t C  … ) .  
S tep  2 .  E nter  for mu las,   connecting inp u ts w ith ou tp u ts,  and  stor e the ou tp u ts (  for  
ex amp le,  slop e for mu la :  ( B  – D )  /  ( A  – C )  → E  .  
S tep  3 .  D isp lay the r esu lts.  
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S t ep 4 . S t o p t h e pr o gr am . 
A f t er  t w o  y ear s  o f  pi l o t  ex per i m en t s  u s i n g t ec h n o l o gy  i n  t eac h i n g o f  r em ed i al  
m at h em at i c s  an  as s es s m en t  o f  t h e gr ad es  h as  s h o w ed  an  i n c r eas e o f  t h e s am pl e 
m ean  b y  1 5  %  w i t h  9 5 %  c o n f i d en c e i n t er v al  f o r  s am pl e o f  20 0  s t u d en t s . B as ed  o n  
t h es e r es u l t s  w e h av e s t ar t ed  t o  u s e pr o gr am m i n g i n  t eac h i n g o f  r em ed i al  
m at h em at i c s  f o r  al l  c l as s es . 
I n  d i s c r et e m at h em at i c s  c l as s es  w e u s e t ec h n o l o gy  i n  t eac h i n g o f  t h e pr o b ab i l i t y  
t h eo r y  an d  t h e gr aph  t h eo r y . W e h av e d es i gn ed  t h e pr o j ec t  f o r  f i n d i n g t h e o pt i m al  
H am i l t o n  c i r c u i t  b et w een  c i t es  o f  t h e U S A  u s i n g b r u t e- f o r c e al go r i t h m ,  n ear es t -
n ei gh b o r  al go r i t h m ,  an d  c h eapes t - l i n k  al go r i t h m  . W e h av e d ev el o ped  t h e c o m pu t er  
pr o gr am  i n c l u d i n g d i f f er en t  m et h o d s  o f  s ear c h i n g an d  s o r t i n g o u t  s u c h  as  A *  
s ear c h ,  gr eed y  s ear c h  al go r i t h m ,  P r i m ’ s  an d  K r u s k al ’ s  al go r i t h m s . T h e pr o c es s  o f  
f i n d i n g t h e o pt i m al  s o l u t i o n  s h o w s  t h e s t u d en t s  ad v an t ages  an d  f l aw s  o f  t h e 
s ear c h i n g m et h o d s  an d  h o w  t o  c o m b i n e ac c u r ac y  o f  t h e b r u t e-f o r c e al go r i t h m  w i t h  
t i m e s av i n g n ear es t -n ei gh b o r  s t r at egy . F o r  ex am pl e,  appl i c at i o n  o f  c l u s t er i n g,  w h i c h  
m ean s   r epl ac em en t  o f  a gr o u p o f  s i m i l ar  el em en t s  b y  o n e v i r t u al  o b j ec t . T h i s   
as s em b l age o f  en t i t i es  m ak es  u p a u n i t  l o c at ed  i n  t h e “ c en t er  o f  gr av i t y  o f  t h e 
s y s t em ” . C l u s t er i n g c o n v er t s  u n s t r u c t u r ed  s y s t em  i n  m u l t i l ev el  l i k e t r ee s y s t em . 
C l u s t er i n g d ec r eas es  t h e n u m b er  o f  c al c u l at i o n  d r am at i c al l y . F o r  ex am pl e,  t h e 
n u m b er  o f  per m u t at i o n  f o r  N  el em en t s  (   t h e b r u t e-f o r c e al go r i t h m  )  i n  
u n s t r u c t u r ed  s y s t em  i s  eq u al  t o :        
                                                P  =  N !  
I f  a n u m b er  o f  el em en t s  i n  o n e c l u s t er  ar e eq u al  t o  M ,  n u m b er  o f  c l u s t er s  i s  eq u al  t o  
N / M ,  t h en  a n u m b er  o f  per m u t at i o n s  o f  c l u s t er s  ar e eq u al  t o  :  
                                           P 1  =  ( N / M ) !  
A n d  a n u m b er  o f  per m u t at i o n s  i n s i d e o f  o n e c l u s t er  ar e eq u al  t o :  
                                           P 2 =  M !  
F i n al  n u m b er  o f  per m u t at i o n s  i n  t h e c l u s t er ed  s y s t em  i s  eq u al  t o :   
                                          P f  = ( M ! )   ∗ ( N / M )  +  ( N / M ) !  
E f f i c i en c y  o f  j u s t  o n e l ev el  o f  c l u s t er i n g i s  eq u al  t o :  
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E  =  N !  /  [  ( M ! )   ∗ ( N / M )  +  ( N / M ) ! ]                            o r    
                                          E  =  N !  /  { [  ( M  – 1 ) !  ]  ∗ N  +  ( N / M ) ! }  
I f  N  =  1 0 ,  M  =  5  t h en  E  =  1 4 , 9 9 5  w h i ch  m ean s  t h at  n u m b er  o f  cal cu l at i o n s  d ecr eas es  
al m o s t  i n  1 5 , 0 0 0  t i m es .  
T o  u s e t ech n o l o gy  i n  t each i n g o f  t h e pr o b ab i l i t y  t h eo r y  w e h av e d es i gn ed  t h e pr o j ect  
b as ed  o n  t h e l aw  o f  l ar ge n u m b er s .   U s i n g r an d o m  n u m b er  gen er at o r  t o  
au t o m at i cal l y  gen er at e t h e r an d o m  s am pl e t h e s t u d en t s  co n d u ct  r epeat ed  
ex per i m en t  ( t o s s  a co i n ,  r o l l  a d i e) .  F o r  pr o gr am m i n g w e u s ed  M i cr o s o f t  E x cel .  T h e  
s t u d en t s  h av e o b s er v ed  h o w  em pi r i cal  pr o b ab i l i t y  appr o ach es  t h eo r et i cal  
pr o b ab i l i t y  w h en  t h e n u m b er  o f  ex per i m en t s  i n cr eas es  d r am at i cal l y .  T o  f i n d  t h e 
b i n o m i al ,  n o r m al ,  P o i s s o n  pr o b ab i l i t y  d i s t r i b u t i o n  t h e s t u d en t s  u s ed  a gr aph i n g 
cal cu l at o r .  I n  ev er y  m at h  cl as s  w e h av e w o r k s h o p f o r  t each i n g h o w  t o  u s e d i f f er en t  
t y pes  o f  a gr aph i n g cal cu l at o r  (  T I  – 8 2 ,  8 3,  8 3pl u s ,  8 5 ,  8 9  ) .  
T o  i n v o l v e s t u d en t s  i n  t h e l ear n i n g pr o ces s  w e h av e d ev el o ped  co u r s e pr o j ect s  i n  
s t at i s t i cs  f o r  f i n d i n g t h e m eas u r es  o f  cen t r al  t en d en cy  an d  v ar i ab i l i t y  o f  a d at a.  T h e 
v ar i ab l e o f  i n t er es t  i n  d at ab as e w as  d et er m i n ed  b y  t h e d i f f er en t  ch ar act er i s t i cs  o f  
t h e G l o b e I n s t i t u t e o f  T ech n o l o gy  s t u d en t  b o d y  s u ch  as  age,  h ei gh t ,  w ei gh t ,  S A T ,  
pl acem en t  t es t  s co r e,  u pd at ed  G P A ,  po i n t s  s co r ed  b y  G l o b e’ s  b as k et b al l  pl ay er s  et c.  
O n e o f  t h e i m po r t an t  par t s  o f  t h e pr o j ect  w as  r egr es s i o n  an al y s i s  an d  f i n d i n g f i t t i n g 
co r r el at i o n  m o d el s  b y  a gr aph i n g cal cu l at o r .  F o r  d es cr i pt i v e an d  i n f er en t i al  
s t at i s t i cs  t h e s t u d en t s  u s e v ar i o u s  s t at i s t i cal  s o f t w ar e (  M i cr o s o f t  E x cel ,  S A S ,  an d  
M I N I T A B  ) .   T ech n o l o gy  en gages  t h e s t u d en t s  an d  en ab l es  t h em  t o  gai n  gr eat er  
i n s i gh t  i n t o  s t at i s t i cs .  
U s i n g n u m er i c,  s y m b o l i c,  an d  gr aph i c r epr es en t at i o n s  gi v es  u s  m u l t i pl e av en u es  f o r  
i n v es t i gat i n g an d  an al y z i n g co m pl i cat ed  f u n ct i o n s  i n  cal cu l u s .  W e h av e d ev el o ped  
as s i gn m en t s  f o r  f i n d i n g l i m i t s  w h er e a f u n ct i o n  d o es  n o t  ex i s t ,  pl o t t i n g gr aph s  w i t h  
m ax i m u m  an d  m i n i m u m  an d  d et er m i n i n g z er o s .  W e h av e d es i gn ed  pr o j ect s  u s i n g 
t ech n o l o gy  i n  t h e co u r s e “  A r t i f i ci al  I n t el l i gen ce” .  T h es e pr o j ect s  b as ed  o n  
pr o po s i t i o n  an d  pr ed i cat e l o gi c w h i ch  d ev el o ps  s t u d en t s ’  s k i l l s  f o r  cr eat i n g ‘ s m ar t ’  
s o f t w ar e.  T h i s  s o f t w ar e h as  t h e ab i l i t y  t o  r eas o n  as  a t o o l  f o r  pr o b l em  s o l v i n g.  F o r   
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ex am pl e,  u s e s o f t w ar e f o r  s o l v i n g pr o b l em  :  G o o d m an  an d  B at m an  h o l d  t w o  
d i f f er en t  go b s  :  a t eac h er ,  a n u r s e.  T h e j o b  o f  n u r s e i s  h el d  b y  a m al e.  G o o d m an  i s  a 
f em al e.  W h o  h o l d s  w h i c h  j o b ?  
F o r m al  l o gi c al  d es c r i pt i o n  o f  t h e pr o b l em  :  
1 .  H as  a j o b  (G o o d m an )  ∧ h as  a j o b  ( B at m an )  
2 .  F em al e ( G o o d m an  )  
3 .   M al e ( B at m an )  
4.  ¬ H as  a j o b  (x ,  n u r s e)  ∨ M al e (x )  ( t h e j o b  o f  n u r s e i s  h el d  b y  a m al e)  
5 .  H as  a j o b  (B at m an ,  n u r s e)  ∨ h as  a j o b  (B at m an ,  t eac h er )  
6 .  H as  a j o b  (G o o d m an ,  n u r s e)  ∨ h as  a j o b  (G o o d m an ,  t eac h er )  
7 .  ¬ F em al e (x )  ∨ ¬M al e (x )  
M ac h i n e R eas o n i n g :  
8 .  A ppl y i n g U n i t  – R es o l u t i o n  t o  (7 )  an d  (3 ) :   ¬F em al e (G o o d m an )  
9 .  A ppl y i n g U n i t  – R es o l u t i o n  t o  (4)  an d  (2 )  an d  E x i s t en t i al  E l i m i n at i o n  

x / G o o d m an  t o  (4)  :  ¬ H as  a j o b  (G o o d m an ,  n u r s e)  
1 0 .   A ppl y i n g U n i t  – R es o l u t i o n  t o  (4)  an d  (3 )  an d  E x i s t en t i al  E l i m i n at i o n  x / B at m an  

t o  (4)  :  ¬(¬ H as  a j o b  (B at m an ,  n u r s e) )   o r  H as  a j o b  (B at m an ,  n u r s e)  
1 1 .   A ppl y i n g U n i t  – R es o l u t i o n  t o  (6 )  an d  (9 ) :  H as  a j o b  (G o o d m an ,  t eac h er )  
 
W e h av e pr o po s ed  f o r  t h e S en i o r  pr o j ec t  c o n s t r u c t i n g pr o gr am s  b as ed  o n  d i f f er en t  
m at h em at i c al  i d eas  s u c h  as  t h e em u l at i o n  o f  i n t u i t i o n  i n  ar t i f i c i al  s y s t em s ,  t h e 
m et h o d  o f  c l u s t er i n g f o r  gen et i c  al go r i t h m ,  t h e c r eat i o n  o f   t h e u t i l i t y  f u n c t i o n  
r epr es en t i n g m u l t i d i m en s i o n al  v ec t o r  o f  i n t el l i gen c e.  F o r  ex am pl e,  o u r  d ef i n i t i o n  o f  
ar t i f i c i al  i n t u i t i o n  i s  an  n o n -i n t en t i o n al  ex t r ac t i o n  o f  t h e k n o w l ed ge f r o m  t h e d at a 
an d  i n f o r m at i o n  i n  t h e m em o r y  an d  t r an s f er r i n g t h i s  k n o w l ed ge i n t o  s o l u t i o n .  I n   
ar t i f i c i al  s y s t em  gen et i c  i n f o r m at i o n  i s  s t o r ed  i n  t h e h ar d w ar e an d  par t l y  i n  
s o f t w ar e an d  c o n t r i b u t es  t o  t h e ar t i f i c i al  i n t u i t i o n .  A l l  k n o w l ed ge ab o u t  o b j ec t s  an d  
pr o c es s es  h as  t o  b e pr es en t ed  as  m o d el s  d es i gn ed  f r o m  t h e d i f f er en t  po i n t s  o f  v i ew .  
O u r  pr es en t at i o n  o f  t h e ar t i f i c i al  i n t u i t i o n  s y s t em  s t r u c t u r e i s  s h o w n  i n  t h e f i g.  
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T h e s t u d en t s  c o n s t r u c t  pr o gr am s ,  d o  r es ear c h  w h i c h  ar i s es  m o r e q u es t i o n s  ab o u t  
po s s i b i l i t y  u s i n g t ec h n o l o gy  i n  d i s c r et e m at h em at i c s ,  s t at i s t i c s ,  c al c u l u s  an d  ar t i f i c i al  
s y s t em s .  O pt i m i s t i c  appr o ac h  t o  t h e pr o b l em  gi v es  r el i ab l e h o pe f o r  t h e f u t u r e 
r es ear c h .  
 


