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Using Quantile-Quantile Plots to Compare ;
Experimental Apples and Oranges in Physics Labs

Allen Andersen and JR Dennison

. Introduction

Il. 2-Sample Q-Q Plots

Materials Physics Group, Utah State University

I1l. 1-Sample Q-Q Plots

In experimental physics, measurements are made to test theoretical 2-sample g-q plots compare the quantiles of two populations. For Q-q plots can also be used to compare . __
predictions. Ideally, diverse independent measurements will provide populations of different sample size, interpolation is required. data to fitting functions or two “ | —ioensemn
results consistent with either a confirmation or rejection of the mathematical functions. >
theoretical model in question. However, in practice, laboratory * Linear g-q plots indicate that the two populations are correlated. See Consider a distribution of data fit with
measurements are rarely straightforward. Questions of measurement Fig. 2 (a). both a Gaussian function
precision, accuracy, or inherently complex or stochastic systems  The distributions are identical if the g-q plot follows y = x. £ (x) — fo—(x—%)?/20° s o B i
frequently result in distributions of outcomes from repeated tests.  Nonzero intercepts indicate that one population is shifted and a Lorentzian function
by a constant relative to the other. ' 2 L AN BT P
. . . . 50 . . —— Linear fit to Q-Q plo
One way to represent such a distribution is the empirical cumulative  Slopes other than unity reflect a relative scaling factor f(x) =B (x—X)Z 417 -
distribution (ECD). For large sample size j the likelihood of occurrence between the distributions.. as shown in Fig 2 (a) -
. 5 . . . O 230-
P as a function of some variable V' is e If the g-g plot is not linear, the distributions follow different trends. See < | *
. Fig. 2 (b). Fig. 3 (b) is a g-g plot comparing the ™" \ \ - (b) -
- J 1 lf xi S V B Matching Qluantiles | | o= t ftt f ti Th | it - - - . 240 245
P(V) = 721':1 1{x; <V} where 1{x; < F} = ; 0 otheraice 3so|| ™ Matching Quanties | (a) R wo fitting functions. The nonlinearity « (Lorentzian)
- "~ Uinear Fit y=a+bx P - indicates that they are clearly * & agmenm
| 300 |- 3:5;331 001 L r y different. T
It can be useful to know if the ECD of a data set follows some known 2 o —EEEE. e
empirical or physics-based trend. Alternatively, it may be useful to S 250 g Fig. 3 (c) show the g-q plots - I
© .
o . > 0 . m
know if two populations of observables follow the same trend. : comparing the data to each fit. The w.="" 9
i - . T C
Wn | | | | | = Lorentzian fit is shown to be the .. ) . .
S 1s0- _ vetter fit, since it is clearly more x (data
0.8 inear with a S|Ope near unity and Figure 3. (a) Data together with Gaussian
" 100 - i with an intercept closer to zero and Lorentzian fits (b) g-q plot comparing
‘q='; _ N o f the fitting functions to each other (c) g-q
o - | | | | | | compared to the Gaussian fit. plots comparing the data to each fitting
© 100 150 200 250 300 350 function.
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ommon Fanabie = e Distribution functions are found in many branches of physics including
Figure 1. Empirical cumulative distribution (ECD) plots of measurements of two E 04l /,/’ | guantum mechanics, statistical mechanics, plasma physics, etc. Quantile-
different observable phenomena. Dashed lines show examples of matching quantiles % o tile | \ veis | ' t of th tandard ohvsi cul
from the two ECDs. For two ECDs plotted together, one quantile—the vertical axis - L quantiie .qtq analyslis IS. n.O part O e S a.n ard p y5|c§ c.urrlc.u um,
value—correspond to two horizontal axis values which become the (x,y) pairs on a g-q 0.2 g - however, it is a useful statistical tool for comparing any two distributions.
plot. These ECDs yield the g-q plot in Fig. 2 (a). g e Q-g plots are an easy-to-visualize representation of the relationship
0.0l" " . . | | . between any two distributions.
. can QR cod 0.0 0.2 0.4 0.6 0.8 1.0  For the experimental physicist, g-g plots are especially useful for
can code . . .
Utah State University s Common Variable comparing different populations of measurements. Q-q plots also can
Physics Department . Figure 2. Examples of quantile-quantile (g-q) plots with linear fits. Dashed lines indicate compare data to a fitting function
allen.andersen@aggiemail.usu.edu T —-— y = x for reference. (a) g-q plot of two correlated populations of data. (b) q-q plot of

uncorrelated data.
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