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Early Origins of Quality Control

* QC has existed since humans began producing goods

* Became more formal during the Industrial Revolution
(18th—19th century)

* Early QC = mainly visual inspection, no systematic method
* 17th century: Birth of statistics - foundation for modern QC
* Today, QC heavily depends on statistics

* With computers, QC has become more complex and
automated




Origins of Quality Control

Control Chart

- 1920s: Walter A. Shewhart introduced control charts
at Bell Telephone (1924)

* Foundation of Statistical Quality Control (SQC) in
industry

- Initially used in  manufacturing (automotive,
pharmaceuticals)



+ 1940s-1950s: Concept of QC adopted in clinical
chemistry & hematology

Need to ensure accuracy and precision in patient
testing

- Early focus on biochemical assays (glucose, urea) and
hematology tests (CBC)




Levey—Jennings Chart (1950)

*1950: S. Levey and E.R. Jennings adapted Shewhart
charts for laboratory QC.

* Became the Levey-Jennings Chart, widely used for I1QC.

Levey-Jennings Graph

* Provided graphical tool for monitoring precision and 230

H 2025 1
accuracy over time.

202,0 1

2015 4

201.0 —— Test Results
- = -#2*5D

0059 - I — — +1* 5D
—————Mean

200.0 4 __ a+sD

199.5 4 -----2"5D

199,0 +

198,5 4

1980




Quality
Control

Westgard Rules (1981)
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Modern QC Era

* 1990s-2000s: QC integrated into ISO, CLSI, CAP
accreditation standards

* External Quality Assessment (EQA/PT) programs became
mandatory

* Introduction of Six Sigma concepts to laboratory medicine

* Today: Combination of 1QC (LJ, Westgard) + EQA/PT =
global standard




Laboratory Statistics




Importance of Statistics in Clinical Laboratories

* Establishing reference ranges

* Quality control: precision and accuracy

-
* Proficiency testing /\/\/

* Comparing new and existing methods I]

* Ensuring valid clinical decisions

2ED,
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Objectives

* Define variables and measurement scales

* Understand descriptive statistics (central tendency, dispersion,

distributions)
* Apply comparative statistics (t-test, chi-square, nonparametric 7 ( %

tests)

* Use regression, correlation, and ANOVA

* Learn method validation: accuracy, precision, sensitivity,
specificity

* Recognize pitfalls, misuse of statistics, and false-positive and
false-negative risks

Objectives




Key Definitions

* Variable: measurable characteristic that can vary
* Independent variable: input/cause (e.g., age, gender, time)

* Dependent variable: output/effect (e.g., glucose, enzyme activity)

* Null hypothesis (H0): no difference exists ﬁ

* Alternative hypothesis (H1): a difference exists



Statistical Errors and Parameters
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Measurement Scales

*Nominal: categories only (e.g., Male/Female,

Positive/Negative)

- Ordinal: ordered categories (e.g., Trace, 1+, 2+, 3+) @ L @ LE % @

SANDGLASS INDUSTRIAL SCALE WEIGHT THERMOMETER PENCIL & RULER HEARTBEAT

- Interval: numerical, equal intervals, no true zero ﬁ
o

(e.g., °C temperature) el M E ASURI NG -

- Ratio: numerical, equal intervals, true zero (e.g., @

glucose concentration) NEASIRNG 1P sous

S 0 A @ & T

TAPE MEASURE LUGGAGE SCALES CALLIPER TAPE MEASURE BARBEL CALIBRATION WE.



Sample Size & Power

* Larger sample size - smaller p-value
* Power = probability of detecting true effect

* Usually set at 80% (B=0.20)

* Pilot studies help estimate sample size needed
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Measures of Central Tendency

Mean (X) arithmetic mean = — = —sunof datapoints
n number of data points
* Arithmetic average of data
*  Most common parametric measure e
. . . . x = each value of each data point
* Valid when data are normally distributed (Gaussian) n = total number of data points

Median (M):
* Middle value of ordered data
*  For odd n: middle value
* For even n: average of two central values
* Useful when data are skewed or have large variability

Mode:
* Most frequent value in the dataset

* Common in categorical data or when evaluating frequency by
groups (e.g., age groups in hematology)
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Distribution Patterns of Laboratory Data

Laboratory results always show variability, which can be visualized by plotting values vs. frequency.

Four main types of distributions:
Standard normal distribution

Mode

Normal (Gaussian) Distribution Median

Mean

* Symmetrical, bell-shaped curve |

34.1%

34.1%

* Example: RBC histogram from automated cell counters
* 68.2%, 95.5%, 99.7% of data within £1SD, £2SD, +3SD

21% 21%

0.1% 0.1%

No. of standard deviations from the mean
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Distribution Patterns of Laboratory Data

Skewed Distribution
* Asymmetrical curve
* Positive skew: tail to the right
* Negative skew: tail to the left

* Mean # Median (a) Negatively skewed (b) Normal (no skew) (c) Positively skewed
Mean
Median
Mode Mode Mode
Median d N\ Median
Y
c
S
o
e
w Mean Mean
Y Yy X Y x YyvY Y X

S The normal curve N
Negative direction represents a perfectly Positive direction
symmetrical distribution




Distribution Patterns of Laboratory Data

Flat (Uniform) Distribution
* No dominant peak, relatively even spread of data

* Median is more reliable than mean

Uniform Distribution
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Distribution Patterns of Laboratory Data

Log-normal Distribution
* Skewed data becomes Gaussian after logarithmic transformation

* Example: Platelet volume histogram from hematology analyzers
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Measures of Dispersion

Range (R):
- Difference between maximum and minimum R = Maximum value — Minimum Value
values
- Simple to calculate, but sensitive to outliers
- _ XXX Yo
Mean Deviation (MD): MBrabout-Mean = =to— =il
* Average of absolute deviations from the mean where |D| = |X — X| and n is the number of observations.
- Reflects how far data deviate on average
2

Variance (S?): o= X (x-u) Population

N Variance

* Average of squared deviations from the mean
- Used to compare variability between groups or y —
2 (x-X) Sample

labs = n-1 Variance




Measures of Dispersion

- Standard Deviation (SD):

 Square root of variance

* Indicates how tightly values cluster around
the mean

- Coefficient of Variation (CV%):

 Ratio of SD to mean x 100

- Useful for comparing variability between
parameters with different units

Population

0:\/2(%—@2
N

x; = elements in population
p = population mean
N = population size

Coefficient of

Standard Deviation (s)

x; = elements in sample
T = sample mean
n = sample size

x 100

Variation (CV) —

Sample Mean (X)



Standard Error of the Mean (SEM)

Although the mean is a single value, it has variability.
SEM guantifies the dispersion of sample means around the true population mean.

Smaller SEM - mean is a more precise estimate.

SD
Example: Standard Error of Mean,SEM = o
n
Hemoglobin measured 20 times on the same sample.
Calculate:
* Mean (X)

* Standard Deviation (SD)
* Coefficient of Variation (CV%) = (SD/X) x 100
* SEM=SD/Vn
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Comparison of Means

Simple approach:

* Calculate Mean * SD for both groups.
18D
* If the ranges do not overlap, the difference is likely significant. 7
* If the ranges overlap, groups may not differ significantly.
YA LR AN zsnf
Example 1: '
Group A: Mean = 40, SD = 3 > Range = 37-43 X 33‘1
Group B: Mean =50, SD = 3 - Range =47-53 m"f
- No overlap - Significant difference 18D 1SD
<% > <« >
Example 2: 25D 28D

Group A: Mean =40, SD =10 - Range = 30-50
Group B: Mean =50, SD = 10 - Range = 40-60

- Overlap - Not significantly different = > >
More reliable method: SEdlff = ( 1) + (SDz)

¢ Use Standard Error of the Difference (SEdiff): n,; n,
« If difference between means > SEdiff = statistically significant.




Analysis of Variance (ANOVA)

Purpose:

Applied in laboratory statistics to compare methods, instruments, or reagents.

Determines whether differences between groups of data are statistically
significant.
Key Tests:

Student’s t-test: Compares means of two groups to evaluate if difference is
significant.

F-ratio Test (Variance Ratio): Compares variances (SD?) between groups.
Relation to ANOVA:

Both t-test and F-test are forms of analysis of variance.

They indicate whether observed differences between datasets are due to chance
or are statistically meaningful.



Conditions for Valid ANOVA

- Random sampling

- Independent observations
- Normal distribution within each group
- Equal variances across groups

* Alternatives if not met: nonparametric tests



Student’s t-Test

Purpose:
Compares the means of two or more sets of experimental results.
Evaluates whether observed differences are statistically significant.
Applications in Laboratory Medicine:
Comparing a new method with a reference method.
Checking calibration stability of an analyzer across different days.
Comparing results of one analyzer against a calibrated standard
analyzer.
Computation Methods:
Two approaches are used depending on sample type (paired or
Independent samples).




t-Test Calculation Using the difference
between means

SEdiff=‘/ ‘S[’:’ +-50)

n n,

( X1—X2)
t= =~ - Definitions:
(1)2 (S5)2 X 1,X 2:sample means of groups 1 and 2
+ SD1,SD2: standard deviations of groups 1 and 2

N1 N2 n1,n2: sample sizes of groups 1 and 2
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Example: Comparing WBC Counts Between Two Analyzers

- Study Design:

* One fresh blood sample measured 10 times on Analyzer |

- The same sample measured 10 times on Analyzer Il

- Data (WBC counts):

- Analyzer I: 12.0, 12.5, 13.0, 12.0, 11.5, 12.0, 11.0, 12.0, 10.6, 12.0

- Analyzer II: 11.5, 12.0, 11.8, 11.5, 11.0, 11.4, 12.0, 11.0, 11.5, 11.0

- Calculated Values:

- Mean (Analyzer 1) = 12.04

- Mean (Analyzer Il) = 11.48

- SD1=0.56, SD2=0.34

- SEdiff=0.342

*1=(12.04-11.48)/0.342=1.728

- df=9

* Interpretation:

* Null hypothesis (Hp): There is no statistically significant difference in WBC counts between Analyzer | and
Analyzer Il

 Alternative hypothesis (Ha):There is a statistically significant difference in WBC counts between Analyzer |
and Analyzer II.
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Decision Rule: t-Test for Analyzer Comparison

Objective: Determine if there is a significant difference
between two analyzers.

Parameters:
* Paired samples: n=10 - df=n-1=9
* Significance level: p=0.05 (two-tailed)
¢ Critical value from t-table: 2.262

Result:
* Calculated t=1.728

* Since 1.728 < 2.262, the value falls outside the rejection region.

Conclusion:
* Fail to reject Ho

* No statistically significant difference in WBC counts between
Analyzer | and Analyzer Il.

t-test table

tso tos tso tas oo tos tors ta 905 900 t 9905
0.50 0.25 0.20 0.15 0.10 0.05 0.025 0.01 0.005 0.001 0.0005'
1.00 0.50 0.40 0.30 0.20 0.10 0.05 0.02 0.01  0.002 0.001
0.000 1.000 1.376 1.963 3.078 6.314 12711 31.82 6366 318.31 636.62
0.000 0.816 1.061 1.386 1.886 2.920 4.303 6.965 9.925 22327 31.599
0.000 0.765 0.978 1.250 1.638 2.353 3.182 4.541 5.841 10.215  12.924
0.000 0.741 0.941 1.190 1.533 2.132 2776 3.747 4.604 7173 8.610
0.000 0.727 0.920 1.156 1.476 2.015 2571 3.365 4.032 5.893 6.869
0.000 0.718 0.906 1.134 1.440 1.943 2447 3.143 3.707 5.208 5.959
0.000 0.711 0.896 1.119 1.415 1.895 2.365 2.998 3.499 4.785 5.408
0.000 0.706 0.889 1.108 1.397 1.860 2.306 2.896 3.355 4.501 5.041
0.000 0.703 0.883 1.100 1.383 1.833 2.262 2821 3.250 4.297 4.781
0.000 0.700 0.879 1.093 1.372 1.812 2228 2764 3.169 4144 4.587
0.000 0.697 0.876 1.088 1.363 1.796 2201 2.718 3.106 4.025 4.437
0.000 0.695 0.873 1.083 1.356 1.782 2179 2.681 3.055 3.930 4.318
0.000 0.694 0.870 1.079 1.350 1.771 2.160 2.650 3.012 3.852 4.221
0.000 0.692 0.868 1.076 1.345 1.761 2.145 2.624 2977 3.787 4.140
0.000 0.691 0.866 1.074 1.341 1.753 2131 2.602 2.947 3.733 4.073
0.000 0.690 0.865 1.071 1.337 1.746 2120 2.583 2.921 3.686 4.015
0.000 0.689 0.863 1.069 1.333 1.740 2110 2.567 2.898 3.646 3.965
0.000 0.688 0.862 1.067 1.330 1.734 2101 2.552 2.878 3.610 3.922
0.000 0.688 0.861 1.066 1.328 1.729 2.093 2.539 2.861 3.579 3.883
0.000 0.687 0.860 1.064 1.325 1.725 2.086 2.528 2.845 3.552 3.850
0.000 0.686 0.859 1.063 1.323 1.721 2.080 2518 2.831 3.527 3.819
0.000 0.686 0.858 1.061 1.321 1.717 2.074 2.508 2.819 3.505 3.792
0.000 0.685 0.858 1.060 1.319 1.714 2.069 2.500 2.807 3.485 3.768
0.000 0.685 0.857 1.059 1.318 1.711 2.064 2492 2797 3.467 3.745
0.000 0.684 0.856 1.058 1.316 1.708 2.060 2.485 2.787 3.450 3.725
0.000 0.684 0.856 1.058 1.315 1.706 2.056 2479 2779 3.435 3.707
0.000 0.684 0.855 1.057 1.314 1.703 2.052 2473 2771 3421 3.690
0.000 0.683 0.855 1.056 1.313 1.701 2.048 2.467 2.763 3.408 3.674
0.000 0.683 0.854 1.055 1.311 1.699 2.045 2.462 2.756 3.396 3.659
0.000 0.683 0.854 1.055 1.310 1.697 2.042 2.457 2.750 3.385 3.646
0.000 0.681 0.851 1.050 1.303 1.684 2.021 2423 2704 3.307 3.551
0.000 0.679 0.848 1.045 1.296 1.671 2.000 2.390 2.660 3.232 3.460
0.000 0.678 0.846 1.043 1.292 1.664 1.990 2.374 2,639 3.195 3.416
0.000 0.677 0.845 1.042 1.290 1.660 1.984 2.364 2.626 3.174 3.390
0.000 0.675 0.842 1.037 1.282 1.646 1.962 2.330 2.581 3.098 3.300
0.000 0.674 0.842 1.036 1.282 1.645 1.960 2.326 2.576 3.090 3.291

0% 50% 60%  70% 80% 90% 95% 98%  99% 99.8% 99.9%

Confidence Level
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% t-Test Calculation Using the difference
between paired observations

]
\NEisle s
2IO))
ty
ontrol

d Paired Samples T-Test

-=d is the mean of the differences 9
between paired observations. P4

724
n

* d=X1-X2 (difference between paired
values).

*Sd is the standard deviation of Time 1 Time 2
the differences.

* n is the number of pairs.




Example: Comparing Hb levels by Two methods
? The hemoglobin levels of 13 |__rumber | MethodX | MethodY | d

blood samples were obtained : w2 e o
. 2 14.8 14.6 0.2
using the X and Y methods as ; T e o
follows. Is there a significant 4 10.3 10.1 0.2
difference between these two : 2L iz :
6 13.2 13.1 0.1

methods? i o } 5
8 15 15.1 -0.1

9 14.9 14.9 0

10 19.4 19 0.4

11 9.2 9 0.2

12 11.4 11.3 0.1

13 17 16.9 0.1



3 0.1+0.2-0.2+0.2+0+01+04-0.1+0+0.4+0.2+0.1+0.1 0.115

13




Calculate the standard deviation of the difference and t-test

d (individual) d (individual)-d" [d (individual)-d™]? . 2

0.1 -0.015 0.000225 _ 5:1(di i "-ﬂ

0.2 0.085 0.007225 Sa = ‘l n—1

-0.2 -0.315 0.099225

0.2 0.085 0.007225

0 -0.115 0.013225 j 0356925

0.1 -0.015 0.000225 Sy ~ +/0.029744 ~ 0.1725

0.4 0.285 0.081225 12

0.1 -0.215 0.046225

0 0.115 0.013225 o d

0.4 0.285 0.081225 \) /

0.2 0.085 0.007225 ‘/;_

0.1 -0.015 0.000225 0.115 0.115

0.1 -0.015 0.000225 t =D.1725 ~ 00478 ~
The sum of the squares of the differences 0.356925 Aﬁ
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Comparison with t table

Result:

t-test table

cum. prob tso tas tho ts o0 tos tors tag £ 995 t g0n £ gaps

one-tail 0.50 0.25 0.20 0.15 0.10 0.05 0.025 0.01 0.005 0.001 0.0005

® C a I C u I a te d t = 2 . 4 1 twotalls| 1.00 050 040 030 020 040 [0.05] 0.02 0.01 0.002 0.001
df

1 o000 1000 1376 1963 3078  6.314 [1271| 3182 6366 31831 636.62

. . ° ° 2| o000 0816 1.061 138  1.886 2920 |4303| 6965 0925 22327 31599

™Y SI n Ce 2 4 1 > Z 179 t h e Va | u e I S I n S I d e t h e 3l o000 0765 0978 1250 1638 2353 (3182 4541 5841 10215 12924

° ° ) 4 0000 0741 0841 1190 1533 2132 [2.776| 3747 4604 7473 8610

5/ 0000 0727 0820 1156 1476 2015 (2571 3.365 4032 5893  6.869

° ° ° 6] 0000 0718 0906 1134 1440 1943 [2.447| 3143 3707 5208 5859

re1 e ct I O n re g l 0 n . 7| 0000 0711 0896 1119 1415 1.895 |2.365| 2998 3499 4785 5408

8| 0000 0706 0889 1108 1397  1.860 |2.306| 2.896 3.355 4501  5.041

ol 0000 ©0703 0883 1100 1383  1.833 [2.262| 2821 3250 4297 4781

10| 0000 0700 0879 1093 1372 1812 (2228 2764 3169 4.144 4587

11 0000 0697 0876 1088 1363 1796 (2201 2718 3106 4025  4.437

C ° ° [12] o0.000 0695 0873 1083  1.356  1.782  [2.179] 2681 3055 3.930 4.318

0 n c u S I 0 n 13 0.000 0694 0870 1079  1.350 1771 2160 2650 3.012  3.852  4.221

° 14| 0000 0692 0868 1076 1345 1761 2145 2624 2077 3787  4.140

15| 0000 0691 0866 1074 1341 1753 2131 2602 2047 3733 4073

. 16| 0000 0690 0865 1071 1337 1746 2120 2583 2921 3686 4.015

) Re e Ct H 17| o000 0689 0863 1069 1333 1740 2110 2567 2898 3646  3.965

J 0 18| 0000 0688 0862 1067 1330 1734 2101 2552 2878 3610 3922

19| o0.000 0688 0861 1066 1328 1729 2093 2539 2861 3579  3.883

. . . ., . . 20| 0000 0687 0860 1084 1325 1725 2086 2528 2.845 3552  3.850

° 21| o000 0686 0850 1083 1323 1721 2080 2518 2831 3527 3819

Statistically significant difference in Hb P T R O T I e - A

23 0000 0685 0858 1060 1319 1714 2069 2500 2.807 3485 3768

24| 0000 0685 0857 1059 1318 1711 2.084 2492 2797 3467 3745

I eve I S m e a S u re d by TWO m et h O d S 25| 0000 0684 0856  1.058 1.316 1.708  2.060 2485 2787 3450 3.725

. 26| 0000 0684 0856 1058 1315 1706  2.056 2479 2779 3435 3707

27| 0000 0684 0855 1057 1314 1703 2052 2473 2771 3421 3690

28| 0000 0683 0855 1056 1313 1701 2.048 2467 2763 3408 3674

20| 0000 0683 0854 1055 1311 1699 2.045 2462 2756 3396 3659

30| 0000 0683 0854 1055 1310 1697 2.042 2457 2750 3385 3646

40| o000 0681 0851 1050 1303 1684 2021 2423 2704 3307 3551

60| 0000 0679 0848 1045 1286 1671 2000 2390 2660 3232 3460

80| 0000 0678 0846 1043 1202 1664  1.990 2374 2639 3195 3416

100 0000 0677 0845 1042 1290 1.660 1984 2364 2626 3174  3.390

1000, 0000 0675 0842 1037 1282 1646 1962 2330 2581 3098  3.300

Z| 0000 0674 0842 1036 1282 1645 1960 2326 2576 3.080 3.291

0% 50% B0% 70% B80% 90% 0O5% 08% 09% 09.8% 09.0%

Confidence Level




F-Ratio Test

* The F-test is a simple statistical tool to evaluate the precision (repeatability) of
two measurement methods.

* [t compares the variances of two datasets using the ratio: p_ Yarianceof A

~ Variance of B

* Always place the larger variance in the numerator so that F>1

* Similar to Student’s t-test, critical F values are obtained from statistical tables at
95% (p = 0.05) or 99% (p = 0.01) confidence levels.

°|f the calculated F-value exceeds the critical F-value = the difference in
precision is statistically significant.
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—=. Example: Comparison of the precision of hemoglobin
measurement by two hematology analyzers

. . F-table of Critical Values of a = 0.05 for F(df1, df2)

* Hemoglobin was measured 30 times by two - -
DF2=1 | 161.45 19950 21571 22458 230.16 23390 236.77 238.88 24054 241.88(24301 24595 248.01|249.05| 250.10 251.14 25220 25325 25431
h e m ato I O gy a n a Iy Ze rS 2 | 1851 19.00 19.16 19.25 1930 19.33 1935 19.37 19.38 19.40|19.41 19.43 19.45(19.45/19.46 19.47 19.48 19.49 19.50

. 3| 1013 955 928 9.12 9.01 894 889 885 881 879|874 870 5.66|8.64| 862 8.59 857 855 853

4| 771 694 639 639 626 616 609 604 600 596|591 586 580|577|575 572 569 566 563

5| 661 579 541 519 505 495 488 482 477 474|468 462 4.56|4.53| 450 446 443 440 437

°® SD(A) — 2 1 9 Variance — 4 41 6| S99 S14 476 453 439 428 421 415 410 406|400 394 387384381 377 374 370 367
. . 7| 559 474 435 412 397 387 379 373 3.68 364|357 351 3.44 341|338 334 330 327 323

8 | 532 446 407 384 369 358 350 344 339 335|328 322 3.15|3.12|3.08 3.04 301 297 293

0| 512 426 386 3.63 348 337 329 323 318 314|307 301 294290286 283 279 275 271

. 10 | 496 410 371 348 333 322 314 307 302 298|291 285 277|274|270 2.66 262 2.58 2.54

¢ SD(B) - 1.8 9 Va rlance - 3.24 11 | 484 398 359 336 320 309 301 295 290 285|279 272 2.65]261] 257 253 249 245 2.40
12 | 475 389 349 326 3.11 3.00 291 2585 280 275|269 262 2.54|251|247 243 238 234 230

13 | 467 381 341 318 303 292 283 277 271 267|260 253 246|242|238 234 230 225 221

4. 41 14 | 460 374 334 311 296 285 276 270 2.65 260|253 246 2.39|235|231 227 222 218 213

° F — - 1 36 15 | 454 368 329 306 290 279 271 264 2.59 254|248 240 2.33|229|225 220 216 2.11 2.07
- - . 16 | 449 363 324 301 285 274 266 259 254 249|242 235 228]224|219 215 211 206 2.01
324 17 | 445 359 320 296 281 270 261 255 249 245(238 231 223|2.19|215 2.10 206 2.01 196

18 | 441 355 316 293 277 266 258 251 246 241|234 227 219215211 206 202 197 192

. .. . 19 | 438 352 3.13 290 274 263 254 248 242 238|231 223 2.16|2.11|2.07 203 198 193 188

P Wlth df=29 the Crltlcal Value (p — O 05) |S 20 | 435 349 310 287 271 260 251 245 239 235|228 220 212|208|204 199 195 190 184
) . 21 | 432 347 3.07 284 268 257 249 242 237 232]225 218 2.10|205|201 196 192 187 181

22 | 430 344 305 282 266 255 246 240 234 230|223 215 207 (203|198 194 189 184 178

1.90. 23 | 428 342 303 280 264 253 244 237 232 227|220 213 205(201|196 191 186 181 1.76
24 | 426 340 301 278 262 251 242 236 230 225|218 211 203 |198|194 189 184 179 1.73

25 | 424 339 299 276 260 249 240 234 228 224|216 2.09 2.01|196|152 187 182 177 171

. . . .. . 26 | 423 337 298 274 259 247 239 232 227 222|215 207 199|195|190 185 180 175 1.69

Y S F I F tF f t d ff 27 | 421 335 296 273 257 246 237 231 225 220|213 206 197 (193|188 184 179 173 1.67
Ince Ca C< Crl ) no s'gnl Ican I erence 28 | 420 334 295 271 256 245 236 229 224 219|212 204 196|191|187 18 177 171 165

. o e . 29 | 4.18 333 293 270 255 243 235 228 222 2.18|2.10 203 1.94]150] 1.85 181 175 170 1.64
|n preC|S|On eX|StS between the tWO analyze rS. 30 | 417 332 292 269 253 242 233 227 221 216|209 201 193 189 184 179 174 168 162
40 | 408 323 284 261 245 234 225 218 212 208|200 192 184 179 1.74 169 1.64 158 151

60 | 400 315 276 2.53 237 225 217 210 204 199|192 184 175 170 165 159 153 147 139

120 | 3.92 3.07 268 245 229 218 209 202 196 151|183 175 1.66 1.61 155 1.50 143 135 125

o | 384 300 260 237 221 210 201 194 188 183|175 167 157 152 146 139 132 122 1.00




Non-Parametric Statistics

Parametric tests (e.qg., Student’s t-test and F-test) assume that the variable follows a

normal distribution.
When the assumption of normality is not valid, non-parametric tests are applied.
One of the most widely used non-parametric methods is the Chi-square test (x? test).
Non-parametric tests are particularly useful when:
The measurement scale is nominal or ordinal.
The sample size is small or distribution is unknown.
They provide a practical tool for hypothesis testing without strict distributional

assumptions.



Chi-Square Test (x? Test)

* The Chi-Square test is a non-parametric statistical test used to evaluate the null hypothesis (Ho).

* It is applied when comparing two or more categorical variables.

* Often used to compare a new measurement method with a reference method.

* Formula: (O-E)
Where: g 2 =
= O = Observed frequency
= E = Expected frequency
= A larger x? value indicates a greater difference between observed and expected results.

* The significance of x? is determined by comparing it with the critical value from the ¥*
distribution table (based on degrees of freedom).



Example: Chi-Square Test in Hematology

? Objective: Compare hematocrit results obtained by an analyzer
(Observed, O) with those from the reference microhematocrit
method (Expected, E).

3 o) - (0 — E)? (0 — E)?
E

41 37 -4 16 0.390
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Steps of Chi-Square calculation

1. Compute the difference between observed and expected values: O-E

2. Square each difference: (0 — E)?

. (0O—E)?
3. Divide by the expected frequency: -
: : 0-E)?
4. Sum across all categories to obtain: X = X ( - )
- Results: Chi-Square Right-Tail Probability (2 x°)

0.995 .55 0575 0495 0.0 0.1 0.5 0035 .01 0.5
0001 0004 Q016 2706 3841 5.024 6633 1.3

ID.I]IIEI 0.0 0051 0103 0211 4605 535891 TATR R0 10,597
0072 0.11% 0 0216 035 | 0584 0 8251 0 TEIS S934E 0 11345 0 12B3R

Calculated x% = 1.036
Degrees of freedom (df) =5
Critical value x? (. = 0.05, df =5) = 11.07

0207 0257 0484 0711 1064 7779 S4B 11143 13277 14.860
0412 054 ogd 145 1610 9236 [ 12 15086 16750
0676 0872 1237 1635 2204 10645 12392 14449 16812 18548

GH#MHE—'E

* Conclusion:
Since 1.036 < 11.07 - Fail to reject Ho - No significant difference between analyzer and reference method
results.



Correlation

- Definition: Correlation describes the relationship between two or more variables.

- Positive correlation: When an increase in one variable is associated with an increase
In another.

- Example: Hemoglobin concentration and red blood cell count.

- Negative correlation: When an increase in one variable is associated with a decrease
In another.

- Important note: Correlation does not imply causation; it only describes the association
between variables in a population.

- Notation: Variables are typically represented as X and Y.
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Correlation and Scatter Plots

Scatter plot: A graphical method to display the relationship between
two variables.
* X-axis: values of one variable

* Y-axis: values of another variable
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Types of scatter patterns:

* No correlation: Random “shotgun” distribution (Fig A)

* Positive non-linear correlation: Elliptical shape extending upward (Fig B).
* Negative non-linear correlation: Elliptical shape extending downward (Fig C).
* Perfect linear correlation: Data points form a straight line (Fig D).

* Can be positive or negative (Fig D is negative)




Correlation Coefficient (r)

* Definition:

A statistical measure that shows the strength and direction of the relationship
between two variables (X and Y).

- Range:

-1<r<+1

* r = 0: No correlation

* r = +1: Perfect positive correlation

- r = -1: Perfect negative correlation

- Values between -1 and +1 indicate partial correlation



Correlation Coefficient (r) Calculation Methods

1. From raw data: e n(Txy) ~ (Ex)(Xy) _
V [ nZx2 - (Ex)?] [ nXy? - (Zy)]

2.  From deviations from the mean:
T = _E.l}’_
XY

Wherex=X-Xandy=Y-Y

Application:
Used to compare two measurement methods, e.g., RBC count measured by an automated
hematology analyzer (Sysmex XE-2100) vs. flow cytometry (FCM).



Linear Regression Analysis

Purpose:

* Identifies the best linear relationship between two laboratory methods.
* Provides descriptive information about systematic and random errors.
Equation: Y = mx+Db

* Y: Dependent variable (new method)

= X: Independent variable (reference method)
* m: Slope (systematic proportional error)

" b: Intercept (systematic constant error)




Linear Regression Interpretation

Interpretation:
* Perfect agreement: m=1,b=0
* m< 1: New method underestimates values
* m > 1: New method overestimates values
* b # 0: Indicates constant systematic bias

Error types:

* Random error: Reflected in scatter around regression
line (Sy/x)

* Systematic error:
* Constant - shiftin intercept
* Proportional = change in slope




Deming Regression

* Accounts for errors in both x and y
* Minimizes sum of squared distances (both axes)

* Preferred for method comparison in laboratories

* Weighted if precision differs between methods
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~ Youden Plot (XY Plot)

Definition:

* A Youden plot (XY plot) is used when two control samples (e.g., normal and abnormal levels) are measured
simultaneously.

Purpose:
* Distinguishes random errors from systematic errors.
* Provides a graphical evaluation of control results. Grafico de Youden

Construction:
*  X-axis: SD ranges of the normal control.
* Y-axis: SD ranges of the abnormal control.
* Connecting £SD lines creates a square (control area).
* The diagonal line represents the normal scatter path.

Interpretation:
* Results inside the central square = acceptable performance.

* Results in light gray square = systematic error
* Negative bias
*  Positive bias

* Results outside the gray square = random errors.

Valor observado para el material B

Valor observado para el material A




Method Validation in the Laboratory

* Ensures reliability of new methods

* Parameters to evaluate:
* Reference range

* Accuracy

* Precision _—

* Sensitivity & Specificity - (@ J

* Linearity |
Interferences e
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Reference Ranges

* Defined from healthy population
* Usually 95% central values (2.5th — 97.5th percentile)

* Must consider age, sex, ethnicity, physiological state

> Different for inpatients vs outpatients eow

LOW
MODERATE
HIGH

VERY HIGH



Accuracy

* Closeness to true value
* Determined by comparing to reference method
* Expressed as bias (systematic error)

* Accuracy # precision




Precision

* Reproducibility of repeated measurements
* Measured by standard deviation (SD) or coefficient of variation (CV)

* Within-run precision vs between-run precision

* High precision # high accuracy . =
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Accuracy vs Precision

* Accurate & precise - ideal method

* Precise but not accurate - systematic error
* Accurate but not precise - random error

* Neither accurate nor precise - unreliable method

©E

High accuracy Low accuracy High accuracy Low accuracy
High precision High precision Low precision Low precision




Sensitivity & Specificity

* Sensitivity: ability to detect disease (true positives)
* Specificity: ability to exclude disease (true negatives)
* Example: HIV ELISA — high sensitivity, lower specificity

* Trade-off between sensitivity and specificity Ciassified as

Sensitivity = True positive
True positive + false negative True Positive False Negative Positive
Really is
Speciﬁcity = True negative False Positive True Negative Negative

True negative + false positive




Predictive Values

* Positive predictive value (PPV): probability disease present if test positive
* Negative predictive value (NPV): probability disease absent if test negative
* Depend on disease prevalence

* Example: same test has lower PPV in low-prevalence population

Classified as

PPV = True positive

True positive + false positive
. Really is
NPV = True negative N _ .
= = False Positive True Negative Negative
True negative + false negative




Pitfalls in Statistics

* Misuse of p-values (significance vs importance)
* Multiple comparisons without correction

* lgnoring confounders (e.g., albumin in calcium)
* Small sample size - low power

* Qverfitting in multivariate models




ooooooo

* Laboratory statistics essential for reliable data

* Descriptive: mean, median, SD, CV, distributions

* Comparative: t-test, chi-square, ANOVA, nonparametric tests
* Regression & correlation for method comparison

* Validation: reference range, accuracy, precision, sensitivityf)r);') LR
specificity .

* Always interpret in clinical context

“d v




Thank you

For Your Attention




