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Degree of Analogy
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

... Controlled experiments are extremely challenging in life sciences because of
the complexity and entanglement of living organisms. The most realistic
experiment is the one where we merely observe the system, but even in that
case, because of the observer effect, by the simple act of observing the system,
we perturb it; then, human beings cannot achieve a hundred percent (100%)

realism.
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SERENRERE T BICNEEBETZETOEDTIN, TDEA T BRENRICL ST,
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

As soon as we perturb the system of interest, what we observe is not the system per se but an
experimental model of that system. In other words, even an observational study is a model of
reality. As soon as we investigate reality with a model (which we believe is always the case), the
key question is the “Degree of Analogy” between the model and the reality being modelled: How
close does the model capture the functional aspects of the reality that we are trying to under-
stand? It might look completely different, but if it works like the portion of reality under

investigation, it is a good model.
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

A major advantage of experimental models is that their Degree of Analogy with
the reality they model can be inferred from how they were built. Every
experimental model contains a fraction of physical reality. The bigger this
fraction, the higher the Degree of Analogy of the experimental model.

ERETIDOREILQHRIE. ZDETIVHRIREZENIFZERL TV EWVWS TELUMEDESL
(Degree of Analogy) |1Z. ZDETIVAE DL S ITHBEINENE VWD BRENSHR TS D RICH
VET, HoPIEBRETIVIE YEBHIRED—BREZSATVET, CONPREDHF INASTNEXRE
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

Too frequently in medicine, we confuse analogy with homology: biological
systems are homologous if they have evolved from the same origin or from a
common ancestor, regardless of their function. As such, we consider mice as
experimental models of humans because both are terrestrial vertebrates with
common ancestors. But a mouse might be farther from a human than a fruit fly,
for a specific physiological function.

- EZOHBATIESHEYICEHSEEIC. 73O —GELM) IEREOY—GFEREMN) INERINTWET,
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

However, there is unquestionably a relationship between analogy and homology. The
closer our experimental model is to the reality we want to investigate, the more likely
the model will have a strong analogy with such reality. Therefore, even if it is done
because of homology and not of analogy, in general, a randomised clinical trial of a
new drug is in general more analogous to the reality of the use of that drug in clinical
practice than an animal study on the efficacy of that drug, which in turn is more
analogous than an in vitro experiment in cell culture. This might not always be the
case, but it frequently is.

EIFVWA AU EAREEOBICHERERN S D CEIEEEV DY TR A ERETIVHARERELEZVWIREIC
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| W B RER SRS EICL D77 -ERO(In vitro) RREVEBUENEVWEEZA T CNHBICHTIEES
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

Thus, we can infer the Degree of Analogy of an experimental model has with the
por-tion of reality we are investigating by analysing how the experiment was
built. The more controlled the experiment, the heavier perturbation we make to
the physical reality and the lower the degree of analogy. Thus, the experimental
models trade off their controlla-bility with their degree of analogy, which can be
inferred from how the experiment was built.
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

It should be noted here that the controllability of an experiment in the context of life
science is not only limited by the trade-off with the Degree of Analogy. Living
organisms are very complex and highly entangled, which means that perturbing one
specific aspect will often impact other aspects, sometimes in fairly unpredictable
ways. To this, we need to add all the ethical limits of animal and human
experimentation. Sometimes the optimal experimental design is not possible for
ethical reasons.

COTRBYNE [ ERRLICHT SEROHETREIL I ZHRT S 0F FUEOESL (Degree of
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

There is another way to build models of reality. As introduced above, models can be defined as
“finalised cognitive constructs of finite complexity that idealise an infinitely com-plex portion of
reality through idealisations that contribute to the achievement of knowledge on that portion of
reality that is objective, shareable, reliable and verifiable” (Viceconti, 2011). If we accept this
definition, then models can be built not only by perturbing/manipulating the physical reality we
want to investigate (experimental models) but also by any other type of idealisation process.
Here, we are interested in “in silico” models built through computational modelling and
simulation of specific idealisation processes.

FC BHEDETIVEBEITDIHDEI—DDENTFELE T LITHBN UL ETIVEIXRDEDICEZTETET,
MR CEMRIRED—EZ . BIRDEMS ZHF DR RERIE U TERELIZED, TNIE IREDZEDERDICEET S
D, BEIN T, LB TREC. EHEIC D REEATRER BN ERD LD BB (PA 77 UE—3 ) B U THEERIND
EDTHB]1(Viceconti, 2011).
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SPBIEEDIERIE ORI > TERBERTI DI EIIRVET, CCTHRBEMABELEFETLDDIE, FEDIEREIL
TOEREHE# ETCOTETI T EDZ2L—30EBU THESEUETIN silico(r>-2JD) 1ETFIVTT,
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

The idealisation processes we use to build in silico models can differ greatly. For
example, statistical inference models are built through inductive reasoning
framed in a frequentist or Bayesian theory of probability; biophysical
mechanistic models are built by deductive reasoning starting from tentative
knowledge that has resisted extensive attempts of falsifiability (laws of physics).
While these differences will become vital in other chapters, here it will suffice to
recognise that in silico models are built through some idealisation process.

in silico EFIVOBEICAVIEELTOCRIEZIRICHIEYET FIZIEX., HEtBHRmETET VL, 48
BN IR FE DA CH T D NI HER I [C K> THREINE T, — A EMYIBFRIR AT
ATV - ETIWVHEERET IV IE BEZE<LDRIEDEAHAFCTHA TS ZEENRE WNEER) Z HES
EITBANEERNHRIIC I DO TEBEERINE T, CNOSDEVIEDETHRS TEEICRY XTI H. CCTIE.
in silico EFILAMASHDEBBIETOCAZRETBEINDIED THD. EVWORHB R OEIT Tt
PTLLD,
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

We notice two significant differences when comparing in silico and experimental
mod-els. The first is that the Degree of Analogy an in silico model has with the
reality under investigation cannot be inferred by how the model was developed.
Since there is no grounding with the physical reality typical of experimental
models, the degree of analogy must be demonstrated for each in silico model.

in silicoGtE#) ET I EERETINELRTDE . 2DDATAEVICT ITET,
' FE—DEWNZL, in silico EFIILAFERRDIREICH U TEDHELUMEDE S (Degree of
Analogy) llE. ZDEFINRED LD [CHARINIEZNE VNS BENSIFHRTERL, EVWDIETT,
ERETIVICHEOMRRFERREDEM(I SV T 10 0) 1B in silico EFIVICIFFELEE Ao
T FDEH BUMEDOEAWIELZD in silico EFILS EIC@EBICTERINAFNIERSRVDTT,
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

This is a major shortcoming of in silico models, which would almost always make us prefer
experimental models if not for another important difference: the controllability of in silico
models is entirely independent of the Degree of Analogy. This means that we could, in principle,
consider the use of in silico models to reduce, refine, and replace experimental models when it is
possible to demonstrate their Degree of Analogy with the reality being modelled and when that
Degree of Analogy is higher than that offered by experimental models with similar levels of
control. The second motivation for using in silico models to reduce, refine and replace
experimental models is when for the same Degree of Analogy and the same level of
controllability, in silico models can provide the required answer faster and/or at a lower cost.

& in silico ETIVDERRRRTHY . HEUED—DDEEREVDRITNUL RzEHIFRIFRICERET VDA ZEYF

AW TENCEITTRDTUL D TDEVEIL, in silico ETIIVOTEIERTEEM I B DEEWVEIEFZEITHHIIL TS E

- WORTY, COCEIFRRELU T LLFD2DDHEIC, EBRETIVDHER- R - KB (3Rs) LT in silico E7ILDE

. RERI TS5 CEBRLET.

e . ;ﬁ%cgzéiﬁ{uﬁ@fﬁéb\%‘EEEEHEJ‘H‘E’C“%U\ H 2. FEREEOHEIL ANIVERF ORBRET ILLUE TOELMEDESL)

oW ‘SIS E.

- FHUMOESVWEHIELARIVAEZEF CHDOTE. in silico ETIVOAMN, EREIEZ LVUFRIC, HDWIELWVEIR -
TR TT 258,
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2.3 A Short Reflection on the Theoretical Limits of Models and Experiments

A third motivation comes from the observa-tion that even for experimental studies
within the currently accepted ethical boundaries, every animal and human experiment
has an ethical cost that should be minimised as much as possible.

We can infer the Degree of Analogy of experimental models simply by how they are
built; all we need to do is to quantify their validity and reliability. On the contrary,
with in silico models, we must demonstrate that an in silico model has the necessary
Degree of Analogy for each Context of Use before we can use it to reduce, refine, or
replace experimental models.

—_—f —

ISICE=ZDEMEUT.RERDHON TV D MEBNEBIRDER TH D TEH. HoPDENMER CERREER
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wy Degree of Analogy
iy « The human mind can only understand reality through models. Models are finalised
cognitive constructs of finite complexity that idealise an infinitely complex portion of
reality. Their usefulness is measured by their ability to capture the functional aspects of
interest of the portion of reality that we are investigating. This measure is called the
Degree of Analogy.
ETINDEFIEIFHA L \BFEDBIDEL S DEEEHTE ZHEZ SEET THIS 115, 1107 Degree of Analogy

- In each portion of reality, the functional aspects of interest can be observed
experimentally or predicted through inductive or deductive reasoning. All these methods of
investigation are models. However, the Degree of Analogy of experimental models can be

: directly inferred, whereas that of predictive models must be demonstrated by comparisons

with controlled experiments. In other words, experiments are not necessarily more

W trustworthy than predictions, but their trustworthiness is easier to assess.

EBETI/D Degree of Analogy (#E#Hz TF30, FTHETIND Degree of Analogy [351IBERICL

SLLEC L D T I BB H 3.




University of Hyogo bselab.org

& 2 Degree of Analogy (Cont.)
« Predictive models can be divided into predominantly data-driven models and
pre-dominantly mechanistic models.

- In predominantly mechanistic models, the Degree of Analogy can be
established by decomposing the predictive errors in numerical, aleatoric, and
epistemic errors through a process known as Verification, Validation, and
Uncertainty Quantification.

Bty £/ TIETHEEMEDEEN 7O ZEL T Degree of Analogy ZH#TZ TFS
- But in predominantly data-driven models, the Degree of Analogy can only be
e estimated by induction, using a total product lifecycle regulatory approach.
me T —SBEBTETINICHITS Degree of Analogy 1,
ST IV OINEIEICH T S H# 7 T O—F E@FL TIRMBIICHTE TFSDH THS.
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