Experimental Design & Ethics

$1.W1.1. Introduction to experimental design

Elements to consider in experimental design

S$1.W1.2. Experimental design I: Elements of
experimental design

Replicates

techinical replicate: [F—Ud /575K

biological replicate: Z/MMiK/FEA

method replicate: R~[EJSCEG 75 AEHTICIEREINEEIE HAY
Randomisation and Stratification/5i%

If you can (and want to), fix a variable

If you do not fix a variable, stratify it

If you can neither fix nor stratify a variable, randomise it.

S$1.W1.3. Bioethics I: Scientific integrity

5 principles:
1.Truthfulness (Trustworthiness/Honesty)
2.Diligence (You did what you claim to have done + did it properly!)
3.0bjectivity (No conflict of interest - Political/Economic/ Commercial/Bias)
4.Circumspection (Avoid over-optimism and exaggeration, “We think” vs “we hope”
the data shows x.)
5.Collegiality (Equal treatment of data regardless of status of authors + all who
contributed are credited).

Hawthorne Effect: E AIITERMEZREIARES, HITASKRENE

$1.W2.1. Bioethics II: Animal Experimentation

Mouse model limitations
Rats lack gall bladders



Vitamin C is vital for only a few vertebrate species (notably humans and guinea
pigs).
Of the 19 non-inhalation carcinogens that cause cancer in humans — only 7 do so in
mice or rats.

Developmental Areas:
Fundamental Biomedical Research, Applied Research, Toxicity Testing

The 3 R’s Principle

stud!

model r"

ocedure
« Careful choice of animal

« Modern imaging methods

IREDUCE

« Share data and resources

« Use proper statistical methods
« Use hybrid pharm/tox studies

- Complete in vitro product

Increased observation frequency

characterization before animal work

« Invertebrate models systems
« Cultured cells (human and
animal)
Computer modeling
Improved experimental design
« In vitro pyrogenicity tests
(for example, LAL, MAT)

Types of animal protectionist

Category (Examples Beliefs about Animals | Major Goals Primary strategies
of Organizations)

Pro-research with

animals (Research
Defense Society; AMRIC)

Welfarists (RsPcaA.
ASPA)

Pragmatists (FRAME;
UFAW, Dr Hawden Trust)

Fundamentalists
(NAVS;BUAV, PETA, Animal
Aid; Advocates for animals)

*Animal experiments
are essential for
medical and scientific
advances.

*Animals as objects of
Compassion deserving
protection
*Recognizing clear
boundariesbetween
species

*Animals deserving of
moral consideration.
¢ Balance between
human and animal
interests.

*Animals have
absolute moral right
to live without human
interference.
*Equalrights across
species

*Humane use of
animalsin
experiments

*Avoidance of cruelty

*Eliminate

unnecessary suffering
*Reduce, replace and
refine use of animals

*Total and immediate
elimination ofall
animal
experimentation

*Encourage self-
regulation by
scientists within legal
constraints.

*Protective legislation
*Humane education
*Shelters

*Public protests
*Pragmatism
(cooperation,
negotiation and short-
term compromises).

*Moralist Rhetoric and
condemnation

*Direct action and civil
disobedience,
*Animal sanctuaries.

S$1.W2.2. Experimental design II

Accuracy: WBHESL, IEMEUERYIEES], XIRSystematic error, (TP+TN) / total
Precision: RIFAIRIEEE M (Reproducibility), XtBRandom error, TP / (TP+FP)
Sensitivity (recall): TP / (TP + FN)



Specificity: TN / (TN + FP)

Power of a hypothesis test: the probability that the test correctly rejects the null
hypothesis (HO)

Type I error: "false positive", $E4EIRIR (HO) TR FEIERIN, {BIRMIANEIRIbIES
7 IBE—EERAVTERRAD A (B 2ikATsignificance level)

Type II error: "false negative”, $5[R{RIZ (H0) LFr LERFEIRAY, BFAIANZEEYSE, JBE
SEIRAVREERED /9B, 1-BRlEPower

Effect size: a number measuring the strength of the relationship between two variables
in a population, or a sample-based estimate of that quantity. Its significance depends of
the sample size

Internal Standard (1x) 22—t ERAN, EBRTEEDTT. EEEEFERFINA
— N EXKRENNEY (RinY) , XMEMSBiro TR BB, BEEF
RPHAFE, BEUSBIRoTTIoBER. Bt Biro 1l a0IEmE iR E,
SE, HESAMIRNEHRE, MAuLUtEHEomINSE, XaLUiEEoiaR
RUFSHRMEFD AR, 55 2ER R IEINNEIE g SEHIRAFIZTL.,
Significant Figures (BE(F) R — M EPRER~ESRMIESFE. BT
BEMEENNHSFERRE— N TAHENET. BXAZNELERBHMEFIAREM.
fan, fE#E 0.004567, BIELF 3 (4. 5F06) , MEEUE 100.05h, BREF /94
(1. 0. OF/NEI=RGHI—(3I0) &

$1.W3.1. Experimental design IlII: Experimental bias

Bias: FrE1&hkSystematic errorf&I 2
Survivorship Bias (e.g.)

Sampling/Ascertainment/Selection bias: EEEARAAIE
Experimenter bias: LIEZESHAE. RFSFENMEARF
Reporting Bias: IEFMHRETHAZVHEIARRE
Biased Model Systems: #REIEHFR. FEERIRSEERMNRES
Publication Bias: FAHITHRETAREZERAR, SHEAFRARFEELHERMR
P ESLERTERNRE.

A& itunbiasedAY3LLG?
Define the population from which you want to draw a conclusion
Define your inclusion and exclusion criteria
Split treatment and control group after exclusion has been done
Use a blinded approach

Run a pilot study to discover potential problems

S$1.W5.1. Experimental design IV: Types



Completely randomised design: ¥&SCIENS SRS ECEIA R IEE
Randomised complete block design: #ESLIEXISIRM RIERSBED AETXE, BES
MXERBIXTSBEN 5 BRI AR IERE
Split-plot design: 53R ETTH NEXFEIX, DalLHERAENIERZE
Randomised Control Trial: 1RSI SRAEN D BECRITFTRAMISIRE, LUHETIREERER
Placebo: —FfhepazAYiEHIFFR, ERTLASTRIRER (LRIFIRN) H8XEX,
Nocebo: —FAEAVESITH, ZHERKHRERNM
Hawthorne effect: SCIGXISRAV T ASBEERMERMHEE
Demand characteristics: SR Z 3RS B B REBUB N TaAm = A RIRUN
'Screw-you’ effect: SLAGRTSRAY T B] SESBIAST I ERHIBRY
Cohort Studies
Retrospective (EIFY): BIIEFE EZNBREMEHERLERR, PTRERRSER
K&
Prospective (BIBEM): NIIEFHRIBIFIRARZREHIARNSR, IUBERRAE
BRRERERRKER
Cross-Over design: LEFARIISRIEABRHASTRIESARKEIE, LALCERA R EEER
Cross-sectional: FER—4FER AR A R X SRR RRIN T TS
Longitudinal: XE—HARNI SRS BIRFITIRER, WRET(,
Meta-analyses: ZZEZ N AXARER, HITEESTAEHERESREMLES
Multi-batch analyses: S M HLRAIEIEHITOMNT, LAESHORBN 3RS E I 455

$1.W7.1. Experimental design V:
interpolation/extrapolation and mixed effects models

Interpolation: Constructing new data points within the range of known data

Extrapolation: Applying your model to calculate values outside of the range of observed
data sample

Mixed effects models: ZiH1RE, FERTEEREEMMNFAEIHN, HTFohEERRENE
HERRENEEE, BEEERNMERSENERIERN, ARBEERRZXNNEZEE
)

Random effects model: 1 MASEHARIN AR ABEN R, BN SURFPHHEHISEARAT
BENEHMY, EESTHRMEEHNENERREW, LARSARFIE.

Nested design: —#SCiwigit/mix, EHNE—1TEF (W4R) HEIHHEES— 1 E
F (WNERAR) , BARANSREXNSMIINT, FEEEAR. FEFER: BRXSAR
FERIFENER, WIKSERENES. BIRZENER. UIRARZ ERES.



$1.W10.1. Introduction to experimental design
framework ***

Experimental purpose: BG, Question, Hypothesis, Pre

Model system: Objects, A/D, (Ethics)

Measurement approach: Methods, A/D

Group Setting: Controls (N, P, Internal), Replicates, Variables (Independent, Nuisance,
Dependent (Response)), Settings (Standardization, Randomization, Blocking)
Experimental output: Data format (Img, Numeric, Omics), Data type (Quantitative,
Qualitative (Categorical)), Data sharing

Analysis: Data processing (filtration, normalization (e.g. B-actin/GAPDH, housekeeping
pro)), Statistics, Visualization

Critical thinking: Bias/Nuisance, Ethics, Reproducibility



