Sections 4.5 and 4.6 Continued for Medical Testing
Math 141

Main ideas

Sensitivity is Pr (+]C).
Specificity is Pr (—|C").

Positive predictive value is Pr (C|+).

Negative predictive value is Pr (C'|-).

Problems

1. A medical test checks for a certain condition.

D
95% of those with condition test positive ’ 143
5% of those with condition test negative 2
2% of those without condition test positive ! D5 +
98% of those without condition test negative. ,T9sN\ C
In the general population, from past experience: 9 —
0.5% of the population has the condition
99.5% of the population does not have the condition.
PI'(CH‘) = Pr(C and +) = Pr(C and +) - (.005)(.95) = .00475
Pr(+) Pr(C and +)+Pr (not C and +) (.005)(.95)+(.995)(.02) .02465
Pr(not C|+) _ Pr(not C and +) _ Pr(not C and +) _ (.995)(.02) _ .01990
Pr(+) Pr(C and +)+Pr (notC and +) (.005)(.95)+(.995)(.02) .02465
Pr(C|-) — Pr(C and =) — Pr(C and -) _ (.005)(.05) _.00025
Pr(-) Pr(C and —)+Pr (not C and —=)  (.005)(.05)+(.995)(.98)  .97535
Pr(not Cl_) _ Pr(not C and —) _ Pr(not C and —) _ (.995)(.98) _ 97510
Pr(-) Pr(C and —)+Pr (not C and —) (.005)(.05)+(.995)(.98) .97535
Results of test
No Test Positive + Negative —
Pr(C) .005 A9ZT .0003
Pr(not C) : 905 8073 29997

Notice sum of Pr (C) and Pr (not C) in each case.
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Another view of why this occurs: “Natural Frequencies.” Same info as before:
95% of those with the condition test positive
5% of those with condition test negative
2% of those not with the condition test positive
98% of those not with the condition test negative.
In the general population:
0.5% of the population has the condition
99.5% of the population does not have the condition.

Condition | Test Persons of this type (“Natural Frequencies”)
Yes + | (.005)(1,000,000).95)= (.45) seap) = 4F50
Yes ~ | (.005)(1,000,000)(.05)= (,oS) 5 o) = 25D
No | + |(.995)(1,000,000).02)= (.&2)( 495 opo )= 19 900
No — | (:995)(1,000,000)(.98)= (.98 )( 495 o) = A3 cve
Pr(C) = — \ o = b 00() = r M 9
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2. Effects of changing values:

Pr(C) =.005
Pr(C’) =.995
Pr(+|C) =.95 Pr(C|+) =
Pr(—|C) = .05
Pr(+]C’) =.02
Pr(—|C’) =.98
Pr(C) = .05
Pr(C’) = .95
Pr(+|C) = .95
Pr(-|C) = .05
Pr(+|C’) = .02
Pr(-|C’) = .98
A S
Pr(C|+) = ( X,‘i )
(.05 95)+ (.as).02)
- 143
Pr(C) =.005
Pr(C’) =.995
Pr(+|C)=1
Pr(-]C)=0
Pr(+|C’) =.02
Pr(-|C’) =.98
orig = 202 SN )
(-005)|1)+ (,‘745’1,02)
= G DPX
Pr(C) =.005
Pr(C’) =.995
Pr(+|C) = .95
Pr(-|C) =.05
Pr(+|C’) =.02
Pr(—|C’) = .98
ki (.oos) .95 ). o%)

S L0l

(- o0s).495)

(- 005,35 .05) T(.995Y,00) 45 )

(.oos ) -95)+ (4495).02)
= S92 F

Pr(C) =.005
Pr(C’) =.995
Pr(+]|C)=.5
Pr(-]C)=.5
Pr(+|C’)=.5
Pr(-|C’)=.5

(.cos).5)
((coS).57) +(995).5)
=.o0S = Pr(c)

Pr(C|+) =

Pr(C) = .005

Pr(C’) =.995

Pr(+|C)=.95

Pr(—|C)=.05

Pr(+|C")=0

Pr(-|C’)=1

(.ovs),as)

(-o0sX-99) + (795 ) o)

= 1

Pr(C|+) =

Pr(C) =.005
Pr(C’) =.995
Pr(+|C) =.95
Pr(—|C) =.05
Pr(+]|C’) =.05
Pr(—|C’)=.95

prClar) = oos ). 95). o5 )
’ (.w;[..cb'x. 957*(“W;1'05~x,q5-)
T L0005 = PFCC )



3. Adrug-testing lab produces false negative results 2% of

the time and false positives 5% of the time. 10 U { )

Suppose that the laboratory has been hired by a .02 =
company at which they estimate that 10% of the N - S
employees use drugs. Let U be “is drug user,” + be .90 v’
“tests positive,” and — be “tests negative.” .95 -
= (o), as) ¥ (Ao Nes] = el
2 = s
Pr(Uand++) = (,ip )(.49%) =, 070
. a2
Pr(++) = (.Ip Y{qg)Li» (..‘910)[,:99) = 0783
" . 4 = .
pr+++)= (10} ,98) + (A0 X.05) = .o09%2
Pr (+n times) = (.10)(.98)" + (.90)(.05)" » () asn - .
Pr(Ul+) = (- '0)(’%)) 2 Vs>
(-10Y.9%) + (.90 L.05)
Y.as)” ~
Pr (U] ++) = ( ’?3' : == LG
(.10 X,98)> + (.90 ).0%)
_ B Pr(U and + n times) (.10)(.98)"
Pr(Ul+ n times) = — 5 S = T 98) + ComC ey~ | T
Pr (Ul+,—) = (.10 ).q8).02) =, 04>

Cro).as ). o) + Lao).0s)(-9%)
pri4+|)= Pr(+t o +) = Pr(++) =, 0983 = (8 7Y

?r(-.p\ Pr(‘l') - 30
Pr(+++|++) = (Pr(—tv-\nﬂ = ,0942 _ ,968F
B+ TITE

Pr(+ n+1times) (.10)(.98)"** + (.90)(.05)"**
Pr(+ ntimes)  (.10)(.98)" + (.90)(.05)" _”Cig asn — oo,

Pr(+ again |+ ntimes) =



