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Feature | Description Definition Calculation for Calculation for
Sample Data Population Data
The arithmetic average of all observations _ Xx X
Mean Q=== ==
n N
Central Median The middle value (mid-point) of a data set If the data set has an even number of points, take the average
i
Tendency 3,1,2,2,4,5,2,6,7 >3 of the 2 middle points.
The most frequently occurring value in a data set .
Mode Count the frequency of each value in the data set.
3,1,2,2,4,5,2,6,7 ->2
The average squared difference of each individual value from —%)2 — )2
Variance 8¢ 5 2 = Z(x—x) o2 = M
the mean. n—1 N
Standard — A2 _ M2
Dispersion " The square root of the variance. s = M o= M
Deviation n—1 N
Range The smallest interval containing all of the data. Calculated as R = R = Max(x) — Min(x)
8 the difference between the Max and Min values of a data set. ange =k =Maxix X

Probability Concept

Equation

The Union (“OR”)

The Probability of Aor B=P(AUB) =P(A)+ P(B)— P(ANB)

The Intersection (“AND”)

The Probability of AAND B = P(AN B)
For Mutually Exclusive Events: P(ANB) =0

The Complement

The Probability of A° = P(A°) =1—P(4)

Conditional Probability

P(ANB) _ The Intersection of A& B

Probabiliy of A given B = P(A |B) =

P(B) The Probability of B

Probability for
Independent Events

For independent Events: P(AN BN C) = P(A) x P(B) * P(C)

Addition Rule (“OR”)
(Non-Mutually Exclusive Events)

P(AUB) = P(A) + P(B) — P(ANB)

Addition Rule
(Mutually Exclusive Events)

P(AUB) = P(4A) + P(B)

Multiplication Rule
(Independent Events)

For Independent Events:

P(Aand B) = P(AnB) = P(A) « P(B)

Multiplication Rule
(Dependent Events)

For Dependent Events:

P(Aand B) = P(ANB) = P(A|B) = P(B)
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Continuous Data Distribution

Distribution Cumulative Central Dispersion Parameters
Probability Tendency
The Normal , X—u >X o = standard M is the mean value
Distribution I =N deviation o is the standard deviation
TrTe l..lniﬂ?rm POY, <x <X,) = X —X2) [ = a+b o (b — a)? a ?s the mini-mum value i.n the di.stri.buti.on
Distribution (b—a) 2 12 b is the maximum value in the distribution
The E tial
e. xy:)on('en a R(t) =e™™ 6 = 1 A = Failure Rate
Distribution A
. B(Beta) - the Weibull Shape or Slope Parameter
The Weibull \B .
o R(t) = (@) 8(Theta) - the Weibull Scale Parameter
Distribution . . . .
A(Delta) - The Weibull Location Parameter (Not shown in equation)
Z=0 Z=0
Significance Confidence Two-tailed Significance | Confidence
Level Level Sign. Level Za /2 Level Level YA a
(a) (100 — ) (%) (o) (100-a)
0.01 99% 0.005 2.575 0.01 99% 2.33
0.05 95% 0.025 1.960 0.05 95% 1.65
0.10 90% 0.05 1.645 0.10 90% 1.28

-\’ﬁ? e
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Discrete Data Distribution

Distribution Mean Standard Probability Parameters
Deviation
The Binomial n n is the sample size n!
=n* = \/f P(X =x) = X(1 —p)x
Distribution - P g B P) ( ) (x) P P) p is the probability of success x!l(n—x)!
The Poisson —2 Vi e« Q% e = Euler’'s Number = 2.71828....
Distribution H= 7= P(X =x) = x! A = mean number of occurrences
A N—-A N is the population quantit
The Hypergeometric (x) * (n—x . POP a . Y n!

o NA NA fx) =——F3— n is the sample quantity

Distributions ( ) ) w Y ; x!'(n —x)!
n A is the number of “Successes” in the population
Sampling Distribution
Distribution Test Statistic Parameters Usage
The F (5,)? (S1)? is the first sample variance . . :

. F = ). . Hypothesis Testing, ANOVA Analysis
Distribution (S,)? (S2)* is the second sample variance

Student T - X— u 7.is the sample mean, pis the Population mean . . -

e ~’s s is the sample standard deviation Confidence Intervals, Hypothesis Testing
Distribution /\/ﬁ . .

nis the sample size
. N is the sample size, s? is the sample variance . . .

The Chi-Squared (N — 1)s 0; — E) 5. . i Confidence Intervals, Hypothesis Testing,
L. X? = Z o is the population variance . . .
Distribution Contingency Tables, Goodness of Fit Testing

Oi = Observed Value, E; = Expected Value

Critical Values of the Student T's Distribution at Various Degrees of Freedom and Alpha Levels (a)

df (v) a=01 [a=0.05|a=0.025| a=0.01 |a=0.005a=0.001 df (v) a=01 | a=005|a=0.025| a=0.01 |a=0.005|a=0.001

1 3.078 6.314 12706 31.821 63.657 | 318.309 11 1.363 1.796 2.201 2718 3106 4.025
2 1.886 2920 4 303 5.965 9925 22327 12 1.356 1.782 2179 2 681 3.055 3.930
3 1.638 2.353 3.182 4.541 0.841 10.215 13 1.350 1.771 2160 2650 3.012 3.852
4 1.533 2132 2776 3.747 4 604 7.173 14 1.345 1.761 2145 2624 2977 3.787
5 1.476 2.015 2.571 3.365 4.032 5.893 15 1.341 1.753 213 2.602 2.947 3.733
6 1.440 1.943 2447 3.143 3.707 5.208 16 1.337 1.746 2120 2583 2921 3.686
7 1.415 1.895 2365 2998 3.499 4.785 17 1.333 1.740 2110 2.567 2.898 3.646
8 1.397 1.860 2.306 2.896 3.355 4.501 18 1.330 1734 2.101 2 552 2878 3610
9 1.383 1.833 2.262 2.821 3.250 4297 19 1.328 1.729 2093 2 539 2 861 3.579
10 1.372 1.812 2228 2.764 3.169 4.144 20 1.325 1.725 2.086 2.528 2.845 3.552

® ﬂ »
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Confidence Intervals

Parameter
of Interest

Equation

Parameters

Use When

The Population o g X is the sample mean, o is the population standard deviation, nisthe | e population variance is known and
Mean (p) ~7 \n sample size, Z% is the z-statistic associated with the confidence level the sample size (n) is greater than 30
The Population %4t s X is the sample mean, s is the sample standard deviation, n is the The population variance is unknown
Mean (p) T 7 n sample size, t% is the t-statistic associated with the confidence level or the sample size (n) is less than 30
5 - - :
The Population (n - 1)3 n is the sample size, s? is the sample variance, Xf_a/ and X%z/ are the Ciraifing @ Sl EneE i, for i
. X2 2 2 population variance when the sample
Variance 1-ay, critical chi-squared values associated with the confidence level variance is known
The P lati . . . .
e Population (n—1)s? n is the sample size, s? is the sample variance, Xf_a/ and X%{/ are the
Standard X2 N ] _ _ /2 z The square root of variance.
Deviation 1-a/, critical chi-squared values associated with the confidence level
The Population p is the sample proportion, n is the sample size, and Z« is the z-statistic | Creating a confidence interval for the
. I 2 population proportion when the
Proportion -7 n associated with the confidence level

sample proportion is known.

Hypothesis Testing

Parameter Equation Parameters Use When
of Interest
Population 7 = X ; H X is the sample mean, p is the population mean, o is the The population variance is known and
Mean ﬁ population standard deviation, n is the sample size the sample size (n) is greater than 30
Pobul X— U X is the sample mean, p is the population mean, H | ) H
opulation - istic = . — e population variance is unknown or the
P t — statistic S s is the sample standard deviation; Pop i .
Mean W ) . sample size (n) is less than 30
Vn n is the sample size
Population 5 (n— 1)52 n is the sample size, S? is the sample variance, Comparing a sample variance against a
Variance X° = o2 o? is the population variance population variance
Population Fe 512 (S1)? is the first sample variance Comparing two population variances
Variance - 522 (S2)? is the second sample variance against each other
h — = the hypothesized population proportion,
Population Zo = P Po o pop prop Comparing a sample proportion against a

Proportions

P is the sample proportion,

n is the sample size,

population proportion

%
c g
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Goodness of Fit Testing

Parameter
of Interest

Equation

Parameters

Use When

Chi-Squared

i=k
v2 = Z (0; — Ep)?
. E;
l

Oi = Observed Value from sample data,

Ei = Expected Value from the assumed population.

Comparing sample data (observed values) against
the expected values from an assumed population.

Contingency Tables

Parameter

Parameters

Use When

Equation

of Interest

Chi-Squared

i=k
v2 - Z (0; — Ey)?
. E;
l

0; = Observed Value from the sample data

RoWwgorar * Columnygyry R *C

Comparing observed values from a contingency
table against the expected values (Ei) to determine
if the two factors are independent.

Grand Total N dfcontingency =T -D(-1
Variati 5 fs D f M 5
ariation um of Squares egrees o ean Squares F-Value SSorar = Z(X" — GM)? = S8, + S5,
Source (5S) freedom (DF) (MS)
. Sum of Squares DF of the Mean Squares SS, = Z(Xi - X)?
reatment ) i i _
(Between) of the ;I'uea:tment Tle[atm]ent of the{;:?’;ment = MST / MSE SS, = Z n(X, — GM)> where GM = Grand Mean
S5, DF,
- i SS
Error SUOT tTjeSS_UZ'_ES DF of the Error Mia ';' Scllua' €3 Mean Square of the Treatment = —DFTT:ZZ:ZZZ
rror t ror
(Within) (DE,) of e B Serror
(SS.) (MSE) Mean Square of the Error = 7
S Total Sum of Squares Total DF F o statistic — MST o
l:sstutall l:DFTutaI] stattstie = MSE

DFiotat = DFerror + DFtreatment = N - 1

N = total observations

DFireatment = a — 1

DFerror = (N-1) - (a-1) = a(n-1)

a = Number of treatments

n = samples per treatment group

AR |CQE
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Relationships Between Variables

y=PBx+B+ ¢

Slope = B, = ix_y

x2

Y — Intercept = By =Y — B, X

Sxy = X(X;*Y) — (ZXi)Tl(ZYi)
¥ = X %

Erp?

S= A -0
SSE = Z(y —9)? Or

Sample Variance of the Error: s? =

N2
LYi

n

RON
Syz= L XE— 220

—

n

SSE = Sy, — B1Sxy

SSE
n-2

Hypothesis Testing for Linear Relationship
Ho: Bl =0 &
_ BB

S, /\/S_xx

degrees of Freedomd.f.=n — 2

Ha: B1¢0

Correlation Coefficients

Parameter Equation Description
S The Pearson Correlation Coefficient, r, measures the strength of the linear relationship between two
xy . . . . . . .
r Txy = W variables which means that a change in one variable (the independent variable) also implies a change
*
> 4 in the other (dependent variable).
The coefficient of determination, R?, reflects the proportion of the total variability in the Y variable that
R? R? = rxzy can be explained by the regression line, and thus it also reflects the adequacy of your model for a
particular sample of data.
Scatter Plots & Correlation Examples
Perfect Highly Low No Highly Perfect
Posit'Nfe ) Positi\.-':e Positivzla Correlation Negative Negati\{e
Correlation Correlation Correlation Correlation Correlation
4 o ‘..::’ * L e LR
‘.‘J . .‘!: ., [ ] . 0“
o" .-r.. 3 LY s
& o’ k) o %
[ ]
> > > > >
r=1 r=0.8 r=-0.3 r=-0.8 r=-1
® ﬂ b c Q E
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Statistical Process Control

The X-BAR AND R CHART

The Grand Mean = ¥ = > X; _ Sum of Subgroup Average Values
k # of Subgroups

X — bar Control Limits: UCLy = X + A,R LCLy = X — A,R

Y R; __ Sumof Subgroup Ranges

The A Range = R =
e Average Range k # of Subgroups

The R Chart Control Limits: UCL, = D4R LCLg = D3R

R
Population Standard Deviation = 6 = x
2

S:umb§;D;Se X-Bar Factor Range Factors Vs;i;r;:e

n Az Dy Dy d,

2 1.880 - 3.267 1.128
3 1.023 = 2.575 1.693
4 0.729 - 2.282 2.059
5 0.577 = 2.115 2.326
6 0.483 - 2.004 2.534
7 0.419 0.076 1.924 2.704
8 0.373 0.136 1.864 2.847
9 0.337 0.184 1.816 2.970
10 0.308 0.223 1.777 3.078
15 0.223 0.347 1.653 3.472

The X-BAR AND S CHART

The Grand Mean: X =

Y X _ Sumof Subgroup Average Values
k # of Subgroups

X — bar Chart Control Limits: UCLy = X + A3§ LCLy = X — A35

2.s; _Sumof Subgroup St.Dev.

The Average Sample Standard Deviation: s =

ko # of Subgroups
The S Chart Control Limits: UCL;, = B,S LCLg; = B3S
S
Population Standard Deviation = o = .
4

Sasumb;iofl:ige X-Bar Factor | Standard Deviation Factors V:i;r;:e
n As B, B, Cy
2 2.659 - 3.267 0.7979
3 1.954 = 2.568 0.8862
4 1.628 - 2.266 0.9213
5 1.427 = 2.089 0.9400
6 1.287 0.030 1.970 0.9515
7 1.182 0.118 1.882 0.9594
8 1.099 0.185 1.815 0.9650
9 1.032 0.239 1.761 0.9693
10 0.975 0.284 1.716 0.9727
15 0.789 0.428 1.572 0.9823
20 0.680 0.510 1.490 0.9869
25 0.606 0.565 1.435 0.9896
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The I-MR Chart

XX;  Sumof Individual Values

Individual Chart Centerline = X = =
ndiviauat Chart Lenteriine k # of Individual Values

Individual Chart Control Limits: UCL, = X + E;MR LCL, = X — E;MR

X MR;  Sumof Moving Ranges
k—1 #of MR's

Moving Range (MR) Centerline =

Moving Range Control Limits: UCLyg = D,MR LCLygr = D3;MR

Attribute Data Control Charts

np & p charts trend defectives and are based on the Binomial distribution which operates
under the assumption that every unit inspected can only be counted as "bad" one time.

p-Chart trends defectives with a Variable Sample Size
np-Chart trends defectives with a Constant Sample Size

u & c Charts utilize the Poisson distribution as they trend the number of defects where it is
possible for each item inspected to contain multiple defects.

u-Chart trends defects with a Variable Sample Size

c-Chart trends defects with a Constant Sample Size

CQE

ACADEMY

sene | e | wogtngeacors | Ve
n E, D, D, d;
2 2.660 3.267 1.128
3 1.772 - 2.575 1.693
4 1.457 2.282 2.059
5 1.290 - 2.115 2.320
6 1.184 2.004 2.534
7 1.109 0.076 1.924 2.704
a8 1.054 0.136 1.864 2.847
9 1.010 0.184 1.816 2.970
10 0.975 0.223 1.777 3.078
Sample Size
Constant Variable
Defect c Chart u Chart
a
e
Defectives np Chart p Chart
8|Page Rev.




Attribute Data Control Charts

The p Chart

xnp  Sumof All Defectives
Yn  Sumof Subgroup Quantity

13 13
B( - P) LCLy =53 p( - P)
n n

p = Centerline =

UCL, =P +3

n subgroup quantit
n = Average Sample Size = xn = Y subgroup q y

k # of subgroups

The np Chart

Xnp  Sumof All Defectives
k # of subgroups

UCLy,, = np + 3ynp(1—p) LCLy,, = np — 3ynp(1—p)

xnp  Sumof All Defectives
Yn  Sumof Subgroup Quantity

np Centerline =

P = % Defective =

The u Chart

_ ) 2.c Sum of All Defects
u = Centerline = =— =

Yn  Sum of units inspected

_ Yn  Sum of units inspected
n = Average of Samples per Subgroup = — =

The c Chart

_ , Y.¢c  Sumof All Defects
¢ = Centerline = — =

k # of Subgroups

k  Number of sub
Himber of Subgrotps UCL, = ¢+ 3VE UCL, = ¢ —3VE
u u
UCLu=ﬂ+3\/; LCLu=ﬂ—3\/;
n n
Sample Size
Constant Variable
Defect c Chart u Chart
g
|—
Defectives np Chart p Chart
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Process Capability

USL — LSL 1 _ .
p = —65 r = C—p Cpk = Mln(Cp‘Lower, Cp,Upper) = Min 3s )
Cp cp
R . s )
s, = — (if usingan X — R Chart) or s, = — (if usinganX — S Chart)
P dZ p C4_
USL — LSL

C =
P 6 s+ (x—T)2

USL—-x x— LSL
35%

Process Performance Indices

USL — LSL ~ (USL—x x—LSL Y(x —X)2
p= ———— Ppk = Min , Sp, = |[———
6sp 3sp 3sp P n—1
14 p 14

Design of Experiments
Treatments in a DOE . # of Full Factorial Half Factorial | Quarter Factorial
actors Exp. Exp. Exp.
2 4 2 1
Full Factorial Design: Number of Treatments = Levelstacto™s = [F = 2F 3 3 ) 2
Fact - - 4 16 8 4
Levelst@ctors ¥ 2
Half Factorial Design: Number of Treatments = =—=—=2F1 > 32 16 8
2 2 6 64 32 16
Fact F F 7 128 64 32
Levelstactors [, 2
uarter Factorial Design: Number of Treatments = =—=—==2F72 8 256 128 64
Q g f 4 4 22 9 512 256 128
10 1024 512 256
Calculating Effects from a DOE
Estimated Ef fect = Average at High — Average at Low
; 10| Page Rev. C




Reliability Equations

The Exponential Distribution

|
_t Ly
Reliability: R(t) = e ™ = ¢e@  Failures: F(t)=1—e  PDF: f(t) = Ae

Failure Rate = A — 1 1 Numberof Failures ' ‘
avture hate = A=9= yrrg = Operating Time(Cycles) - .

1 Operating Time (Cycles
0 = MTBF (or MTTF) = Z: P g (y )

Number of Failures

Mean Time to Failure (MTTF) is only used when an item is not repairable.

Mean Time Between Failures (MTBF) is used if a product or asset is repairable. B N I 9,:
Time
- —— - Weibull PDF F(t)
Weibull Distribution Equations
t p-1 [t B [t B
PDF: f(t) = g(a) e () Reliability: R(t) =e ©)
_(E)B B/t B-1
CDF: F() =1—e \® Failure Rate: h(t) = 6(6)
Time (t)
Weibull Parameters Maintainability and Availability
- i Total Time Spent in Maintenance
B(Beta) - the Weibull Shape or Slope Parameter MTTR = Y l .P l l wene c — Maintainability
0(Theta) - the Weibull Scale Parameter Total Number of Maintenance Activities conducted
A(Delta) - The Weibull Location Parameter (Not shown above) MTBF
Availability
vailability MTBF + MTTR

CQE 11| Page Rev. C
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Reliability and Fault Tree Equations

Series System Reliability Fault Tree Reliability (OR GATE)

Series System Reliability = Rgysem = R1 X Rz X R3 X Ry X ... R, Reliability of OR Gate: Ropgate = R1 X Ry XR3 X Ry X ... ....R,
Top Level
Critical Event
Sub-System B; Sub-System C; Sub-System D;
Rel. =0.97 Rel. = 0.96 Rel. = 0.99

System Fault System Fault System Fault System Fault
A; Rel. =96% B; Rel. =99% C; Rel. =98% D; Rel. =97%

Rel. = 0.98

Parallel System Reliability Fault Tree Reliability (AND GATE)
Parallel System Reliability = 1 — (U; XUy XUz X Uy X .....U}) AND GATE System Reliability = 1 — (U; XU, X U3 X Uy X .....U,)
WhereU; =1—- Ry WhereU; =1— R4
Top Level
Critical Event
AND

\
System Fault System Fault System Fault System Fault
A; Rel. =96% B; Rel. = 98% C; Rel. =94% D; Rel. =90%

S
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Gauge R&R (Measurement System Analysis)

The Average and Range Method

The Range Method

| =

Measurement System Variation (GRR) = ogpg = 7
2

Equipment Variation (EV) = Orepeatabitity =

]

Ro>2 _(EBV)?

Appraiser Variation (AV) = Ogeproducibitity = \/( = —
2

Ry

d;
Measurement System Variation (GR&R) = ogrr =  (EV)? + (AV)?

Part to Part Variation (PV) = o, =

Total Variation = / (GR&R)? + (PV)2

The Precision/Tolerance (P/T) Ratio

The ANOVA Method

Repeatability — Equipment Variation (EV): J,%epeatabimiy = MSg

N . o 5 MSO - MSPXO
Repeatability — Appraiser Variation (AV): 0geproqucipility = " PxR
| ' o 2 MSpyo — MSg
Appraiser — Part Interaction Variation (Ipxo): Ofnteraction = - R
MSp — MS
Part Variation (PV): 0fqr: = %

Measurement System Variation (GRR) = dgrg = v/ (EV)2 + (AV)2 + (Ipxo)?
Total Variation = \/(GRR)? + (PV)?

Total Measurement System Variation -
— Ratio = # Samples Sub-group size (m)
T Tolerance

(n) 2 3 4

P 6 * GGRR 1 1414 1912 2239
— Ratio =
T Upper Spec.—Lower Spec. 2 1278 1805 2151
3 1.231 1.769 2120
The Percent Variation Calculation 4 i B 2
5 1.191 1739 2.096
L Measurement System Variation 2 ) ) 6 1181 1731 2080
Percent Variation = Total Variation OTotal Variation — OGR&R + Opart To Part Variation 7 1173 1726 3085
EV Equipment Variation (Repeatabilit
Equipment Variation (EV — Repeatability) = — * 100 = P - ( - P Y) - = el SR
TV Total Variation 9 1.164 1718 2.080
2 . Variation (AV — R ducibility) AV 100 Appraiser Variation (Reproducibility) :(1} e e o
raiser Variation — Reproducibili = —x% = 1157 1714 2.076
PP p y TV Total Variation
12 1.155 1712 2.074
L. GRR Gauge R&R (Repeatability + Reproducibility) 13 1153 1710 2.073
Measurement System Variation = * 100 = —
74 Total Variation 14 1.151 1709 2.072
L 15 1.150 1.708 2071
L PV Part to Part Variation(PV) -
% Partto PartVariation = — * 100 = — d 1.128 1.693 2.059
TV Total Variation =
.\
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My #1 Free Resource for the CQE Exam
The 10 Ten Topics on the CQE Exam

Or go to CQEAcademy.com/FreeCourse

This free, 10-day course covers the top 10 topics in the CQE Exam and includes daily video lectures and
practice quizzes for the 10 most important topics on the CQE Exam!!

vea Course - The Top 10 =% All About Confidence Intervals
Topics on the CQE Exam

Confidence Interval - Population Mean

Interval Estimate of Population Mean (known variance) : X + Za * w-
z n

+ n=sample size
* X = sample mean
* o = population standard deviation

+ Za=Z-score associated with alpha risk
2

Want to share this cheat sheet with a friend?

Just send them to CQEAcademy.com/Freecheatsheet

-Andy

Your Guide to CQE Certification
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https://cqeacademy.teachable.com/p/top-10-topics/
https://cqeacademy.teachable.com/p/top-10-topics/
https://cqeacademy.teachable.com/p/top-10-topics/

