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An Introduction to Data Analysis
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Abstract : With the growing importance of evidence-based medicine, clinical or biomedical research relies critically
on the validity and reliability of data, and the subsequent statistical inferences for medical decision-making may lead
to valid conclusion. Despite widespread use of analytical techniques in papers published in the Journal of Veterinary
Clinics statistical errors particularly in design of experiments, research methodology or data analysis methods are
commonly encountered. These flaws often leading to misinterpretation of the data, thereby, subjected to inappropriate
conclusions. This article is the first in a series of nontechnical introduction designed not to systemic review of medical
statistics but intended to provide the journal readers with an understanding of common statistical concepts, including
data scale, selection of appropriate statistical methods, descriptive statistics, data transformation, confidence interval,
the principles of hypothesis testing, sampling distribution, and interpretation of results.
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TSN AEE 9%sle T8 HA9] shil F¢
%74 (central tendency, locationy> 7lE TS0 HtA]
o2 E¥se AXE YeEhlls £9o289,11,13) A9
Ao mEt goho] ) PEAEE Vo 8
oFsl= WHH ¥ T S99 (median, XS LEARES
2 ZAES o FY feke #oeE AFX9 vt B
ol FYoll RSk 20 FEAX 9] HaghE ARt #;
9] X7} tiHolL ol d (outlier)e] e FHEEE B
ol A&Y A EE A (mean)S ARESIATE B2} H]
ool A o) ddo] AthH FURS ARk St W
HAEE zhe AR FENEE o] 835l NES (%) A
Sl HHEE FHTY WEE (%), THHEE o] AR

oX

= Heolu FH5E ARSI Ak ol & 9
S WAV S o]k FHeh] wiwe] WsAdo] g
& A8E 8o o f-83lth

AFEAJ: AFEA(spread, dispersion, variabilityy> 70
27t BHo 2 28 Ue ARE Wrsle FUeE 1

Table 1. Some commonly used statistical tests according to the type of data

Dependent
Independent - ; -
Continuous Ordinal Nominal
Linear regression Spearman rho Cox regression
. Multiple regression Kendall tau Logistic regression
Continuous . . L .
Multiple correlation Kendall W Discriminant analysis
ANCOVA
Mann-Whitney U
o Fisher 5
Univariate t-test ) ¥~ test
Mantel-Haenszel y
Nominal Cohen's Kappa
Kruskall-Wallis
Multivariate analysis of variance y* test Log rank

Mantel-Haenszel y*

ANCOVA=analysis of covariance

Table 2. Common statistical tests for independent or paired data

Type of data Measures of location

Measures of variability

Statistical tests for
independent groups of data

Statistical tests for paired
groups of data

. 2 groups: x° 2 groups: McNemar
Nominal Mode None >3 groups: ’ >3 groups: Cochrane Q
. 2 groups: WSR
Ordinal Median, mode Range, IQR §3gr(r)(1)1111) SS'.\IQI\I;VS >3 groups: Friedman 2-
=> groups: way ANOVA
. 2 groups: paired t-test
Interval/ratio Mean, median, mode Range, IQR, SD 2 groups: t-test >3 groups: 2-way

=3 groups: ANOVA repeated ANOVA

IQR=interquartile range, SD=standard deviation, x2=chi-square test, WRS=Wilcoxon ran sum test,

ANOVA=analysis of variance, WSR=Wilcoxon signed rank test

KW=Kruskal-Wallis test,
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Table 3. Applicability of measures of central tendency and variability by data scale or use

Central tendency Variability
Scale or use -

Mean Median Mode Range IQR SD SEM
> interval Yes Yes Yes Yes Yes Yes Yes
Ordinal No Yes Yes Yes Yes No No
Nominal No No Yes No No No No
Affected by outlier Yes No No
Presenting sample variability Yes Yes Yes No
Using in statistical inference No No Yes Yes

IQR=interquartile range

— maximum
1 Q3 (75th percentile)
+ mean
QR
Q2=median
Mean=25
Fig 2. Two standard distributions with different standard
v ( ile) deviation (SD).
Q1 (25th percentile
- minimurm Table 4. Hypothetical data from group A and B
Fig 1. Box-whisker plot. IQR=interquartile range (the difference Group A Group B

o, 0, o
between 25% and 75% percentile rank). 12,32, 45, 23, 18,25, 8. 15, 22, 20, 70. 26,

Dat 20, 25 14, 25

Mean 25 25
¥ 2} (standard deviation) H 2 (range), ARE9] W9 (inter- D 108 07
quartile range, 25% W91 75% WL Zfel) & Median » 20
< ARSI W9l ool e AR AY T Sk
Atolel] x|eh= #holl tigh o HHE AlFskA] Xat7]
wjitol] 2™ o] ot FRle A AEE $Yg AFeR T8 & Zt=th & =°] Fig 2 Table
719 ) o' RS, tertile Al 7N, quartiled ] 4ol F Aere] B 257 FASH|T ZFEHzR= A9
N, quintile® Tl & FRale] QoFsh= Frto|th ARE T ANAE 108FSF 23)01A% BAME 20.7(FS4
9= AEE 455 9 A 14 T2(Q1, 25% WES 2002 oF 2ufe] zpolE BRIt} 53] AT B #FA| &
S 3/45E(Q3, 75% WEYF)E] W Ii TGl #EA 700]2k= o dHo] EAlste] AFEAEoA Hojd H9ol=
9] 50%7F EFETH= AS «]U]d‘jr et PR 2 AR Hohs S97E ARk Zlo] vk st
ARESIH R ol el 93 WA 7] Wil BtAE B APz G Aksl tiste] R i
X5 Hols ARE 298 ] /§-831tK8,9,11,13). Z]-JL—J I BFHRKSD)E b 21#]7H(confidence intervalyS
Aol 850 mE FYHNFAAH AxdY deTrds 4 Ak 4 AThERLE ). S s ke AT
2)5lH Table 33 2t} B E= ijﬂ sl <>l£L k52l 95%= WHFOZHE 1.96SDol| fIX|gt). dE &
ste] gofet AEAE= fﬂé Z2%H(histogram)©]1} box o] 10002 EZEARF 2002 3w BE] <k
plots AH&3atH Hazh Ql, T8, Q3, Azt & thefet 68%= 803} 120 Aololl /A|FHS ofm|gitt. ThE o= o=
A AFs] "ol vl$- §-83lckFig 1). e 725 E 3 AST(aspartate aminotransferase, U/

= ¥z Hygo] TUsH e AlEAo] tEw F A} L) 55 =43 A3 HF 403 E5UA 45 A09H
B M3 b WY £x7t H7] wiel 5o 89KF AST F%E9] 95% AZ|T7-e 40+1.96 x4=[322, 47.8]%
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35 35
—&— Square root
30 30 —0— Natural log
—h—inverse
325 %25 —t—Log10
Ezo Szo
o115 515
EWO I§1O
05 05
00 00
1 2 3 4 5 6 7 8 9 10
Raw value Raw value
Fig 3. An example of data transformation.
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Frequency

0-4 59 10-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60
Serum concentration (ppm)

Frequency

0-025 025-05 05-075 075-10 10-125 125-150 15-175

Serum concentration (ppm)

A

60

50

30

Frequency

20

<1 1-<2  2-<3  3-<4  4<5 5<6 6-<7 7-<8
Serum concentration (ppm)

C

B

Fig 4. Transformation of data. A: Raw data, B: logarithmic transformation, C: square root transformation.

Table 5. Normality test of raw and transformed data

Table 6. Parametric analysis and their corresponding non-
parametric analysis

Raw data
(x) Ix Log(x)  Square root(x) Parametric analysis Nonparametric analysis
Skewness 0.668 -5.573 -1.130 -0.053 Wilcoxon rank-sum test
Normality 0001 p<0.0001 p<0.0001 p=0.4957 ttest Median test

(SW)

j:ll'_|_ g el

EHH(populationy AT7AF TFHoR HAS F= F
oAt 2GS FAE 2AklE A2 =
o ZeelM AT A7]e] dPds FAelE Al
EE (sample)S TZH Fo g Adshy o]zjdlt ¥

Kolmogorov-Smirnov test
Wald-Wolfowitz test
. Wilcoxon signed-rank test
Paired t-test
McNemar test
Kruskal-Wallis test

Friedman test

One-way ANOVA
Two-way ANOVA

EXML JFEs= i ?;fﬂO] Hr} of7]ollA F2F] (random) Pearson correlation Spearman rank correlation
2 g nE B4 ll‘ir* o HA=EZA Q%ﬁ%% oJm| s}
AP g9 FHAAME 74 AFdE7F 5 A = BES Addsle glo] dilolt). o]yg SER RO ZTE
(treatment, factor)s WS Eo] T Tt A 9 Ao FEA AR = FAH(statistic)o] =AsIA ol tf-&
vt} AgRte] 8 IAE B2 AA BT 2o f she BT B4 & S (parameter)E SHIEA] FHE
Pt e 2R gigk FEo|7] wiid BRETE o) T e Bloltt. dE 59 5079 =HA gt 54 Al
ﬂ,“ :
&
e g / '
IV - . //
,"ff D
(A) B) © D)

Fig 5. Quantile-quantile (QQ) plot.
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(a) (b)
68.3%0 95.4%%
- 5D mean 5D -28D mean 25D
(c) (d)
99.7%% 95.0%0
-35D mean 38D -1.965D mean 1.965D
Fig 6. Normal distribution and percentage of area under the curve.
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Fig 7. General t-distribution(left: various degrees of freedom, right: normal distribution and t-distribution).

Table 8. Comparison of 97.5 percentile of Student's t and normal distribution

Degrees of

Degrees of

freedom(df) L 0975 20,975 freedom(df) L 0975 20975
4 2.776 1.96 10 2.228 1.96

20 2.086 1.96 24 2.064 1.96

30 2.042 1.96 60 2.000 1.96

200 1.972 1.96 © 1.96 1.96

Table 9. Type of error in hypothesis testing
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Fig 8. Relationship between o, B and 1 — B(power).
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