Experimental and Quasi-Experimental Designs for Research

Desi gn of tasks set to uncover from

The design of experinents (DOE, DOX, or experinmental design) is the design of
any task that ains to describe and explain the variation of information under
conditions that are hypothesized to reflect the variation. The termis generally
associated with experinents in which the design introduces conditions that
directly affect the variation, but may also refer to the design of

qguasi -experinents, in which natural conditions that influence the variation are
sel ected for observation

Inits sinplest form an experinment ains at predicting the outcone by

i ntroduci ng a change of the preconditions, which is represented by one or nore
i ndependent variables, also referred to as "input variables" or "predictor
vari abl es."™ The change in one or nore independent variables is generally

hypot hesi zed to result in a change in one or nore dependent variables, also
referred to as "output variables" or "response variables." The experinmental
design may also identify control variables that nust be held constant to prevent
external factors fromaffecting the results. Experinental design involves not
only the selection of suitable independent, dependent, and control variables,
but planning the delivery of the experinment under statistically optinal
conditions given the constraints of avail able resources. There are nultiple
approaches for determ ning the set of design points (unique conbinations of the
settings of the independent variables) to be used in the experinment.

Mai n concerns in experinental design include the establishment of validity,
reliability, and replicability. For exanple, these concerns can be partially
addressed by carefully choosing the i ndependent variable, reducing the risk of
measurement error, and ensuring that the docunmentation of the method is
sufficiently detail ed. Related concerns include achieving appropriate |evels of
statistical power and sensitivity.

Correctly designed experinents advance know edge in the natural and soci al

sci ences and engi neering. Qther applications include marketing and policy

maki ng. The study of the design of experinments is an inportant topic in

nmet asci ence.

H story [ edit ]

Statistical experinents, following Charles S. Peirce [ edit ]

A theory of statistical inference was devel oped by Charles S. Peirce in

"Il lustrations of the Logic of Science" (18774€“1878)[1] and "A Theory of
Probabl e I nference"” (1883),[2] two publications that enphasized the inportance
of random zation-based inference in statistics.[3]

Random zed experinments [ edit ]

Charles S. Peirce randomy assigned volunteers to a blinded, repeated-mnmeasures
design to evaluate their ability to discrinnate weights.[4][5][6][7] Peirce's
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experinment inspired other researchers in psychol ogy and education, which
devel oped a research tradition of random zed experinents in |aboratories and
speci alized textbooks in the 1800s.[4][5][6][7]

Optimal designs for regression nodels [ edit ]

Charles S. Peirce also contributed the first English-1anguage publication on an optinmal design for regression nodels
in 1876.[8] A pioneering optiml design for polynom al regression was suggested by Gergonne in 1815. In 1918, Kirstine
Smi th published optimal designs for polynonials of degree six (and less).[9][10]

Sequences of experiments [ edit ]

The use of a sequence of experinents, where the design of each may depend on the results of previous experinents,

i ncluding the possible decision to stop experinenting, is within the scope of sequential analysis, a field that was

pi oneered[ 11] by Abraham Wald in the context of sequential tests of statistical hypotheses.[12] Hernman Chernoff wote
an overview of optinmal sequential designs,[13] while adaptive designs have been surveyed by S. Zacks.[14] One specific
type of sequential design is the "two-arnmed bandit", generalized to the nmulti-armed bandit, on which early work was
done by Herbert Robbins in 1952.[15]

Fisher's principles [ edit ]

A net hodol ogy for designing experiments was proposed by Ronald Fisher, in his innovative books: The Arrangenent of
Field Experinments (1926) and The Design of Experinents (1935). Mich of his pioneering work dealt with agricultura
applications of statistical nmethods. As a nmundane exanple, he described howto test the lady tasting tea hypothesis,
that a certain lady could distinguish by flavour al one whether the mlk or the tea was first placed in the cup. These
nmet hods have been broadly adapted in biological, psychological, and agricultural research.[16]

Comparison In sone fields of study it is not possible to have i ndependent measurenents to a traceable netrol ogy

standard. Conparisons between treatnents are nmuch nore val uable and are usually preferable, and often conpared agai nst
a scientific control or traditional treatnment that acts as baseline.
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Randomi zati on Random assi gnment is the process of assigning individuals at randomto groups or to different groups in
an experinment, so that each individual of the popul ation has the sane chance of beconing a participant in the study.
The random assi gnment of individuals to groups (or conditions within a group) distinguishes a rigorous, "true"

experi nent from an observational study or "quasi-experinment".[17] There is an extensive body of nathenatical theory

t hat explores the consequences of nmking the allocation of units to treatnments by neans of some random nmechani sm (such
as tables of random nunbers, or the use of random zation devices such as playing cards or dice). Assigning units to
treatnents at randomtends to mtigate confoundi ng, which nakes effects due to factors other than the treatnent to
appear to result fromthe treatnent.

The risks associated with random al l ocation (such as having a serious inbalance in a key characteristic between a
treatnent group and a control group) are cal cul able and hence can be nmanaged down to an acceptable | evel by using
enough experinmental units. However, if the population is divided into several subpopul ations that sonehow differ, and
the research requires each subpopulation to be equal in size, stratified sanpling can be used. In that way, the units
i n each subpopul ation are random zed, but not the whole sanple. The results of an experinment can be generalized
reliably fromthe experinmental units to a |arger statistical population of units only if the experinental units are a
random sanpl e fromthe | arger popul ation; the probable error of such an extrapol ati on depends on the sanple size,
anong ot her things.

Statistical replication Measurenents are usually subject to variation and nmeasurement uncertainty; thus they are
repeated and full experinents are replicated to help identify the sources of variation, to better estimate the true
effects of treatnents, to further strengthen the experinent's reliability and validity, and to add to the existing
know edge of the topic.[18] However, certain conditions nust be net before the replication of the experinent is
comrenced: the original research question has been published in a peer-reviewed journal or widely cited, the
researcher is independent of the original experinent, the researcher nust first try to replicate the original findings
using the original data, and the wite-up should state that the study conducted is a replication study that tried to
follow the original study as strictly as possible.[19]

Bl ocki ng Bl ocking is the non-random arrangenent of experinmental units into groups (bl ocks) consisting of units that

are simlar to one another. Bl ocking reduces known but irrelevant sources of variation between units and thus all ows
greater precision in the estinmation of the source of variation under study.

Page 3



210.00155555556

Exanpl e of orthogonal factorial design

Orthogonal ity concerns the fornms of conparison (contrasts) that can be legitimately and efficiently carried out.
Contrasts can be represented by vectors and sets of orthogonal contrasts are uncorrel ated and i ndependently
distributed if the data are nornal. Because of this independence, each orthogonal treatnent provides different
information to the others. If there are T treatnments and T 4€“ 1 orthogonal contrasts, all the information that can be
captured fromthe experinent is obtainable fromthe set of contrasts.

Factorial experinments Use of factorial experinents instead of the one-factor-at-a-tinme nethod. These are efficient at
eval uating the effects and possible interactions of several factors (independent variables). Analysis of experinent
design is built on the foundation of the analysis of variance, a collection of nodels that partition the observed
vari ance into conmponents, according to what factors the experinent nust estimate or test.

Example [ edit ]

Thi s exanpl e of design experinments is attributed to Harold Hotelling, building on exanples from Frank
Yates.[20][21][13] The experinments designed in this exanple involve conbinatorial designs.[22]

Wi ghts of eight objects are neasured using a pan bal ance and set of standard wei ghts. Each wei ghi ng neasures the

wei ght di fference between objects in the left pan and any objects in the right pan by adding calibrated weights to the
lighter pan until the balance is in equilibrium Each neasurenent has a randomerror. The average error is zero; the
standard devi ations of the probability distribution of the errors is the same nunber 1f on different weighings; errors
on different weighings are independent. Denote the true wei ghts by

T, 1, ael , 1, 8 . {displaystyle theta {1},dots ,theta {8}.,}

We consider two different experinents:
Wei gh each object in one pan, with the other pan enpty. Let X i be the nmeasured wei ght of the object, for i =1, ...

8. Do the eight weighings according to the foll ow ng schedul ed€”a wei ghing matri xd€”and let Y i be the neasured
difference for i =1, ..., 8:
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left pan right pan 1st weighing: 1 2 3456 7 8 (enpty) 2nd: 12384567 3rd: 14582367 4th: 1678234
55th: 246813576th: 25781346 7th: 347812568th: 356181247 {displaystyle
{begin{array}{lcc}&ftext{left pan}}&text{right pan}}\hline {text{1lst weighing:}}& 2 3 456 7
8&{text{(enmpty)}}\{text{2nd:}}&1 2 3 8 & 5 6 7\{text{3rd:}}& 458 & 3 6 7\{text{4th:}}& 6 7 8 & 3 4

5\ {text{5th:}}& 4 6 8 & 3 5 7\{text{6th:}}& 5 7 8 & 3 4 6\{text{7th:}}& 4 7 8 & 2 5 6\{text{8th:}}& 5 6 8 &1 2
4 7end{array}}}

Then the estimated value of the weight T, 1 is
T,7"1=Y1+Y2+Y3+Y44a8’ Y54’ Y64a’ Y74a&a’' Ys88. {displaystyle {widehat {theta }} {1}={frac
{Y_{1}+Y_{2}+Y_{3}+Y_{4}-Y _{5}-Y {6}-Y {7}-Y_{8}}{8}}.}

Simlar estinmates can be found for the weights of the other itens. For exanple

N2=Y1+Y24a&a'YyY

7 + T, ~ 4=
a’ Y5 a’Yy7+y88. 1,
248’ Y3+Y44a  Y5+Y6+Y74&aY88.1, ~8=Y
{di spl aystyl e {begin{aligned}{w dehat {theta }} {2}&={frac
{Y {1}+Y {2}-Y {3}-Y {4} +Y {5} +Y {6}-Y {7}-Y {8}}{8}}.\[5pt]{wi dehat {theta }} {3}&={frac
{Y {1}+Y {2}-Y {3}-Y {4}-Y {5}-Y {6}+Y {7}+Y_{8}}{8}}.\[5pt]{wi dehat {theta }} {4}&={frac
{Y {1}-Y {2}+Y {3}-Y {4} +Y {5}-Y {6} +Y {7}-Y {8}}{8}}.\[5pt]{wi dehat {theta }} {5}&={frac
{Y {1}-Y {2}+Y {3}-Y {4}-Y {5} +Y {6}-Y {7}+Y _{8}}{8}}.\[5pt]{wi dehat {theta }} {6}&={frac
{Y {1}-Y {2}-Y {3}+Y {4} +Y {5}-Y {6}-Y {7}+Y _{8}}{8}}.\[5pt]{wi dehat {theta }} {7}&={frac
{Y_{1}-Y {2}-Y {3}+Y_{4}-Y {5}+Y {6} +Y _{7}-Y {8}}{8}}.\[5pt]{wi dehat {theta }} _{8}&={frac
{Y_ {1} +Y {2} +Y_{3}+Y_{4}+Y_{5}+Y_{6}+Y _{7}+Y _{8}}{8}}.end{aligned}}}

+ a AN3=Yl+Y2a'Y
3 Y a’ 8 ] =
Y : 548" Y
3+Y4

The question of design of experinments is: which experinent is better?

The variance of the estimate X 1 of T, 1 is 1f2 if we use the first experinment. But if we use the second experiment,
the variance of the estimate given above is |f2/8. Thus the second experinment gives us 8 tinmes as much precision for
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the estimate of a single item and estinates all itens sinmultaneously, with the same precision. Wat the second
experiment achieves with eight would require 64 weighings if the itens are wei ghed separately. However, note that the
estimates for the itens obtained in the second experinent have errors that correlate with each other.

Many probl ems of the design of experinents involve conbinatorial designs, as in this exanple and others.[22]
Avoi ding false positives [ edit ]

Fal se positive conclusions, often resulting fromthe pressure to publish or the author's own confirmation bias, are an
i nherent hazard in nmany fields. A good way to prevent biases potentially leading to false positives in the data

coll ection phase is to use a double-blind design. Wen a double-blind design is used, participants are randomnly

assi gned to experinmental groups but the researcher is unaware of what participants belong to which group. Therefore,
the researcher can not affect the participants' response to the intervention. Experinental designs wth undiscl osed
degrees of freedomare a problem[23] This can | ead to conscious or unconscious "p-hacking": trying nultiple things
until you get the desired result. It typically involves the mani pul ati on 4€* perhaps unconsciously a€“ of the process
of statistical analysis and the degrees of freedomuntil they return a figure below the p
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