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INTERDISCIPLINARITY 

THROUGH MODELLING

Mieke Boon

1. Introduction

Over the last few decades, research orgazatos such as the Natoal Academy of  Sceces 
(2005) have emphaszed the mportace of terdscplary research ad educato (see also 
Tuaa 2013). Research polcymakers ofte ackowledge that terdscplary  research s 
challegg for umerous reasos, such as the orgazato ad fudg of research, polt‑
cal obstacles, the complexty of terdscplary research, ad the dculty of commuca‑
to wth a multdscplary team (see Jacobs ad Frckel 2009 for a crtcal evaluato). 
However, hardly ay atteto has bee pad to the epstemologcal, methodologcal, ad
coceptual barrers ad cogtve costrats of workg across dscplary domas 
( MacLeod 2018). I the phlosophy of scece, Nacy Nersessa, Mles MacLeod, Uskal 
Mak, ad Mchru Nagatsu have doe poeerg work  studyg the strateges (esp. 
modelg strateges) of researchers  terdscplary scetc practces.

Thus, whle the phlosophy of scece tally focused o questos of the ature, otol‑
ogy, ad represetatoal propertes of models, aalyses of research to complex problems 
clude the cogtve, epstemologcal, methodologcal, ad pragmatc aspects related to 
modelers ad model‑users. Aalyzg the cogtve complexty of modelg complex prob‑
lems thereby oers ew sghts to the ature of models ad modelg practces. Whe 
focusg o the ature of the tellectual work researchers accomplsh through buldg ad 
usg models, cogtve processes becomes a heret part of these studes, troducg 
ew otos, such as model‑based understanding, model‑based reasoning, model‑based ex‑
planation, modeling strategies, mental models,1 ad models as cognitive artifacts (Nerses‑
sa 2009; 2022, see also Maga ad Bertolott 2017; Mattla 2005; O’Malley ad Soyer 
2012; MacLeod 2018). By cludg cogtve processes  phlosophcal aalyses of models 
ad modelg practces, other otos that emerge are: inferential reasoning, model‑users 
ad competent cognitive agents (Suárez 2004; Gere 2010);2 epistemological responsibil‑
ity (Va Baale ad Boo 2015); epistemology of models and modeling (Boo ad Va 
Baale 2019); ad researchers having disciplinary perspectives (Boo 2020b). Addtoally, 
ths tur of focus provdes crucal sghts for education  terdscplary research (e.g., 
Boo 2020a; Boo et al. 2022; Nersessa 2022; Va de Beemt et al. 2020) ad modelg 
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strateges  science‑based policy (e.g., MacLeod 2018; MacLeod ad Nagatsu 2018;  
Nagatsu ad Ruzzee 2019; Nagatsu et  al. 2020; Frsch 2013; Ikpe ad DesRoches 
2020). Furthermore, whe the epistemic usefulness of models  practcal applcatos such 
as scece‑based polcy s take to accout, where models are cosdered epistemic tools 
(Boo ad Kuuttla 2009; Kuutla ad Boo 2011) for problem‑aalyss, forecastg, 
ad scearo studes, stll other features of modelg become promet, whch have m‑
plcatos for phlosophcal vews o models,  partcular regardg ther represetatoal 
characterstcs. For example, Ellot ad McKaugha (2014) argue that scetc represeta‑
tos should also be evaluated o ther sutablty for the practcal ad epstemc purposes 
of model users, whch requres cludg o‑epstemc values. Smlarly,  the cotext of 
clmate modelg, Parker (2020) proposes a adequacy‑for‑purpose vew o models. Study‑
g terdscplary research practces thus leads to ew themes ad research questos for 
the phlosophy of scece (see Mäk 2016).

The topc of ths chapter – terdscplarty through modelg  research, scece‑based 
polcy, ad educato – coects two subjects that are ofte treated separately wth the 
phlosophy of scece: terdscplarty ad models. Secto 2 addresses the why, what, 
ad how of terdscplary research, ad the role of models ad modelg there. To ths 
ed, scholarly, polcy‑related, ad phlosophcal lterature o terdscplary research has 
bee surveyed. Secto 3 dscusses accouts of models ad modelg strateges ad provdes 
a outle of epstemologcal ad methodologcal ssues of terdscplary research prac‑
tces. Use s made of both scetc lterature o methodologes  terdscplary research 
ad phlosophy of scece lterature o the role of models  ths. Secto 4 cocludes wth 
a bref overvew of ssues to be addressed  a philosophy for interdisciplinary modeling 
practices.

2. Interdisciplinarity

2.1 Denition of interdisciplinary research

Iterdscplarty s studed  scholarly domas ragg from scece polcy studes, gov‑
erace studes, STS (scece, techology, ad socety), scece educato, cogtve sc‑
eces, phlosophy of scece, ad socal epstemology. Oe of the scholarly ams s a correct 
denition (e.g., Kle 1990; Aboelela et al. 2007; Repko 2008; Newell ad Gago 2013). 
Three characterstcs are usually foud  detos of terdscplary research: (I) the 
rationale for terdscplary research s solvg a problem, or addressg a topc that s 
too broad or complex to be dealt wth adequately by a sgle dscple or professo (cf. 
Newell ad Gago 2013); (II) the epistemic purpose of terdscplary research s (a) to 
advace fundamental understanding of a pheomeo, or (b) to develop kowledge ad 
uderstadg for solving (complex) problems; ad (III) the crucal role of integration of 
(a) knowledge (or, more broadly, epstemc resources such as data, cocepts, laws, ad 
theores), (b) instruments (cludg methods ad techologes), or eve (c) disciplinary 
perspectives.3 A example s the oft‑cted deto by The National Academy of Science 
(2005): “Iterdscplary research (IDR) s a mode of research by teams or dvduals that 
tegrates formato, data, techques, tools, perspectves, cocepts, ad/or theores from 
two or more dscples or bodes of specalzed kowledge to advace fudametal uder‑
stadg or to solve problems whose solutos are beyod the scope of a sgle dscple or 
area of research practce” (Natoal Academy of Scece et al. 2005, 2).
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2.2 Interdisciplinarity in scientic research, higher education,  
and science‑based policy

Research polcy documets from leadg orgazatos, sttutes, ad research coucls 
emphasze the crtcal mportace of terdscplary research (e.g., NSF, NRC, NAS, ESF, 
ERC,4 GRC,5 NWO, Va Noorde 2015). Three argumets are ofte made  favor of ‑
terdscplary research (Rylace 2015). Frst, the grad challeges facg socety –  eergy, 
water, clmate, food, health – are ot ameable to sgle‑dscple vestgato; they of‑
te requre may types of expertse across the bologcal, physcal, ad socal dscples 
(see also Frodema 2016; De Grads ad Efstathou 2016; Nagatsu et al. 2020). Secod, 
dscoveres are sad to be more lkely o the boudares betwee elds, where the latest 
techques, perspectves, ad sghts ca reoret or crease kowledge. Thrd ecouters 
wth others beet sgle dscples, extedg ther horzos. Moreover, the prolferato 
of dscples  the tweteth cetury creasgly calls for brdgg them ad trascedg 
the scope of sgle dscples o complex problems, .e., for terdscplary research (e.g., 
Allwood et al. 2020).

Smlarly, hgher educato polcy documets assume that terdscplarty s creas‑
gly becomg the hallmark of cotemporary kowledge producto ad professoal lfe 
(Maslla 2005).6 Graduate studets ad ther trag programs are recogzed as essetal 
to creasg terdscplary research capacty (Borrego ad Newswader 2010; Spelt 
et al. 2009; Trpp ad Shortldge 2019; Nersessa 2022). A example of ths move towards 
terdscplary research ad educato s a AAAS vso report (2009)7 o developmets 
 bology research ad educato that are becomg creasgly terdscplary. How‑
ever, scetc research to teachg ad learg  terdscplary hgher educato, for 
example regardg ecessary research ad thkg sklls, s stll lmted ad exploratory 
(Spelt et al. 2009; Va de Beemt 2020; Boo et al. 2022).

Addtoally, there s a strog terest  promotg ad fudg collaborato betwee 
scetc dscples to support scece‑based polcy. For example, betwee ecologsts, 
ecoomsts, socologsts, cvl egeers, ad atmospherc scetsts workg o a te‑
grated uderstadg of evrometal problems  whch socal, ecoomc, ecologcal, 
ad clmate systems are causally tertwed (MacLeod ad Nagatsu 2018; see also  Ikpe 
et  al. 2020), or o assessmet models that assst  clmate polces (e.g., Frsch 2013; 
Goodw 2015; Parker 2018). Smlar examples are the terdscplary modelg of a 
ecosystem maagemet approach to mare socal‑ecologcal systems (Stareld ad Jarre 
2011; see also Levot et al. 2011; Nmäk et al. 2012; Kelly et al. 2013; Strasser et al. 
2014; N et al. 2020). Other examples of the mportace of terdscplary research to 
polcy ad maagemet are chroc dsease maagemet (e.g., Bardha et al. 2020) ad the 
polcy ad maagemet of rsk (e.g., Z ad Taylor‑Gooby 2006).8

2.3 Cognitive and epistemological challenges of interdisciplinary research

Iterdscplarty scholars also propose models of the terdscplary research process 
(e.g., Kle 1990; Repko 2008; Meke ad Keestra 2016; Repko ad Szostak 2017) draw‑
g o lterature  cogtve scece ad socal psychology. These authors assume integra‑
tion (of the research questo, theoretcal frameworks, method, results, ad coclusos) 
as a crucal aspect of terdscplary research. They recommed step‑by‑step research 
processes that closely resemble commo models of research processes, wth the addto 
that nding or creating common ground s recommeded as a way to acheve integration 
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between disciplines. Ths approach thus reles heavly o commucato betwee the 
dscples but dsregards the fudametal cogtve ad epstemologcal challeges of 
commucato ad tegrato betwee dscples (cf. MacLeod 2018). Itegrato (or 
coectg, or ttg together) of epstemc resources ad methodologes from deret 
dscples s challegg because they are embedded  a tghtly‑kt etwork of sce‑
tc cocepts, theores, fudametal prcples, epstemc ad pragmatc values, as well as 
techques, procedures, routes, ad modelg strateges that form the dscple, to the 
eect that dscples or ther cotet caot be put together  a straghtforward maer 
(Boo 2020b; Nersessa 2022). Moreover, the metoed scholarly studes do ot assg 
a explct role to models ad modelg  achevg tegrato betwee dscples, whle 
modelg s stadard practce  exstg terdscplary research. So, despte scholarly 
studes to create strateges ad plas for dog terdscplary research, there s stll a 
lack of proper artculato ad testg of terdscplary research approaches (cf. Nagatsu 
et al. 2020, 1810; see also Grüe‑Yao 2016; Mäk 2016).

2.4 Interdisciplinary research in practice

Scetc dscples are ot closed slos but develop, amog other thgs, through the tras‑
fer ad mplemetato of aspects from other dscples. Grüe‑Yao ad Mäk (2014) 
provde a systematc overvew of types of exchages betwee dscples. Elaborate ex‑
amples of such exchages are descrbed  the ethographc studes coducted by Nerses‑
sa (2009; 2022), MacLeod (2016), MacLeod ad Nersessa (2013; 2015; 2016; 2018), 
ad MacLeod ad Nagatsu (2016). Exchage cludes elemets such as: kowledge about 
specc pheomea; expermetal methods to create ad vestgate pheomea; measure‑
met equpmet ad techques; scetc cocepts (e.g., ‘coservato prcples,’ ‘opera‑
tos,’ ‘mechasms,’ ‘eergy,’ ‘equlbrum,’ ‘dyamcs,’ ‘threshold,’ ‘saturato,’ ‘buer,’ 
‘reversblty,’ ‘hysteress,’ ‘evoluto,’ ‘ecology,’ ‘ecosystem’); mathematcal ad statstcal 
methods to d structure  data ad establsh meagful, quatable pheomea or pat‑
ters  data; mathematcal templates (Humphreys 2019); model templates (e.g., Kuuttla 
ad Loettgers 2016; Houkes ad Zwart 2019); computer smulato methods to estmate 
ukow parameters or to lk deret types of models ad study the dyamcs of a sys‑
tem; the combato of deret types of (quattatve ad qualtatve) research methods 
to mxed methods that expad research desgs; ad modelg strateges (e.g., from e‑
geerg sceces to molecular or systems bology).9 Secto 3 explas that these types of 
(heterogeeous) elemets (exchaged betwee dscples) are bult to scetc models 
(Boumas 1999; Boo ad Kuuttla 2009; Kuutla ad Boo 2011). Iterdscplarty 
s thus acheved through modelg, whereby tegrato of the metoed elemets takes 
place  modelg (.e., models as tegrators) ad the resultg models become epstemc 
tools. As a result of these dyamcs betwee research practces, some of these aspects are 
o loger dscple‑specc but are shared cross‑dscplarly ad embedded  multple 
dscples.

New dscples emerge whe researchers collaborate o problems or systems that are 
cosdered to cosst of causally interacting sub‑systems vestgated  dstct dscples. 
The sub‑systems ad ther teractos are ofte vestgated  expermetal models ad 
represeted ad tercoected by meas of coceptual models, mathematcal models, com‑
puter smulatos (Nersessa 2022), ad dagrammatc models (Boo 2008). Tradtoal 
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examples are specalzed dscples  the egeerg, agrcultural, ad  bomedcal  sceces 
(e.g., Nerssessa ad Patto 2009; Nersessa 2009; 2022). More recet  examples are 
uclear physcs, systems bology (Coveey ad Fowler 2005; O’Malley ad Soyer 2012; 
Gree 2013; MacLeod ad Nerssessa 2013; 2015; 2016; 2018), eurosceces (e.g., 
Faga 2017), computer sceces, geo‑ ad clmate sceces (e.g., Parker 2018; MacLeod ad 
Nagatsu 2018). Iterdscplary research, therefore, does ot always take place through 
integration  the sese of the aforemetoed deto of terdscplary research (cf. 
Grüe‑Yao 2016) but s ofte a matter of cross‑fertlzato through trasfer ad ex‑
chage betwee dscples.

A major motvato for promotg terdscplary research s to cotrbute to problems 
or opportutes outsde scece, such as those addressed  so‑called appled sceces (the 
egeerg, agrcultural ad bomedcal sceces), ad more geerally, “real‑world” prob‑
lems related to ew dustral opportutes, complex polcy ssues  socety, ad the UNE‑
SCO’s sustaablty goals. I these applcato cotexts, terdscplary research projects 
usually focus o developg techologes,10 computer smulatos, scearo desgs, ad 
other types of tools for epstemc purposes, such as measuremet, dagoss, explorato, 
forecastg, ad scearo vestgato.

The dstcto betwee terdscplary research wth academc dscples focused 
o true knowledge about (fundamental) aspects of the world versus terdscplary re‑
search focused o actionable epistemic tools that make it possible to address real‑world 
problems (e.g.,  scece‑based polcy cotexts) mples deret epstemc ad pragmatc 
crtera for research qualty (cf. Ellot ad McKaugha 2014; Brster 2016; De Grads ad 
Efstathou 2016; Parker 2020),11,12 as well as epstemologes, methodologes, ad modelg 
strateges to meet these varous crtera.

3. Models and modeling in interdisciplinary research practices

3.1 Models as integrators

I research practces, models ad modelg are stadard practces to acheve tegrato. 
Boumas’ (1999) study o busess cycles  the semal collecto Models as Mediators 
(Morrso ad Morga 1999) shows that models are constructed by integrating many het‑
erogeneous “ingredients,” such as aaloges, metaphors, theoretcal otos, mathematcal 
cocepts, mathematcal techques, stylzed facts, emprcal data ad ally relevat polcy 
vews, whereby the correctess of the resultg scetc model s partly justed by the sc‑
etcally soud choces researchers make  the modelg process. Ths approach to mod‑
elg  scetc practces s also studed by ethographc studes. For example, Nersessa 
ad Patto (2009), have studed bomedcal egeerg laboratores ad argue that metal, 
physcal, ad computer models fucto as hubs that eable the tegrato (“terlock‑
g”) of bologcal ad egeerg cocepts, methods, ad materals. These models,  
tur, are metal ad exteral represetatos that eable model‑based fereces that sup‑
port research ad learg about the system (see also Nersessa 2022).

I ths vew, modelg thus plays a role  tegrato processes, wth models as integra‑
tors of ot oly the “gredets” metoed by Boumas, but also, as wll be llustrated 
below wth examples from practce, of sub‑models that represet sub‑systems wth ter‑
dscplary research.
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3.2 How the construction of scientic models facilitates  
interdisciplinary research

Ths process towards phlosophcal accouts of models ad modelg that cludes the 
cogtve, epstemologcal, methodologcal, ad pragmatc aspects related to modelers ad 
model‑users  research practces, s further elaborated by Boo ad Kuuttla (2009; see 
also Kuuttla ad Boo 2011), who propose cosderg models as epistemic tools. They 
thereby buld o Kuuttla’s (2005) oto of models as epistemic artefacts, whch ex‑
plctly devates from the dea that our uderstadg of modelg should be reduced to 
models represetg some exteral target systems – for models are ot oly represetatve 
artefacts, but also productve artefacts , for example, model‑based reasog about the 
target system. Boo (2020a) elaborates o how models are costructed, amely by deter‑
mg the heterogeeous “gredets” that are usually bult to the model (cf. Boumas 
1999). Boo (2020b) provdes further epstemologcal substatato for ths accout, 
whch also emphaszes the choces that researchers have to make  the costructo of 
a model. Researchers ca be held accoutable for these choces, whch s captured by the 
cocept of epistemological responsibility (cf. Va Baale ad Boo 2015). Addtoally, 
scetc models are justied ad tested  at least three ways that complemet each other, 
amely: () by justfyg the relevace, physcal plausblty, ad adequacy of aspects bult 
to the model; () by assessg whether the model meets relevat epstemc ad pragmatc 
crtera; ad () by emprcal or expermetal testg agast realty, e.g., by comparg
model‑outcomes ad expermetal results (cf. Boo 2020b).

But the costructo of models s also determed by “the specctes of a dscple,” 
each wth ts ow cocepts ad specc modelg strateges, whch makes terdscplary 
collaborato (cludg tegrato ad trasfer betwee dscples) dcult (cf. MacLeod 
2018). Boo ad Va Baale (2019) ad Boo (2020b) aalyse ths problem of terds‑
cplary research  terms of disciplinary perspectives ad argue that these are ot eces‑
sarly opaque. Istead, dscplary perspectves should be made explct ad explaed  
terdscplary research projects. Based o Kuh’s oto of dscplary matrces ad 
the aforemetoed epstemology of model costructo, they develop a framework for 
aalyzg dscplary perspectves that ca be used by dvdual researchers (recogzg 
that researchers may have slghtly deret perspectves eve wth a dscple), whch 
facltates terdscplary uderstadg ad commucato.

O a more e‑graed practcal level, model costructo  terdscplary research 
volves a broad spectrum of modeling strategies, whch rase addtoal epstemologcal, 
methodologcal, ad ethcal ssues, for example:

– How to coect models from deret dscples, for whch researchers use the o‑
to of coupling (e.g., Coveey ad Fowler 2005; Kremlg ad Saez‑Rodrguez 2007; 
 MacLeod ad Nersessa 2013; MacLeod ad Nagatsu 2016).

– How to deal wth coectg models of dyamc physcally related systems at dierent 
time – and length‑scales as : systems bology (e.g., Coveey ad Fowler 2005; Krem‑
lg ad Saez‑Rodrguez 2007; MacLeod ad Nersessa 2015; 2016); tegrated as‑
sessmet of agrcultural producto systems (Atle ad Stoorvogel 2006); or tegrated 
evrometal assessmet ad maagemet (Kelly et al. 2013).

– How to coect models of deret kds  the atural ad egeerg sceces, such 
as mechastc ad mathematcal models, for whch diagrammatic models are proposed 
(cf. Boo 2008).
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– How to coect models from the atural sceces (broadly terpreted as sceces that 
cocer atural ad physcal processes) ad socal sceces, e.g.,  clmate modelg 
to support polcy decsos, for whch integrated assessment models are proposed (e.g., 
Frsch 2013; also see Strasser et al. 2014; Parker 2006; 2011).

– How to assess the reliability of (complex multiscale) models that result from terdsc‑
plary research as  clmate models (e.g., Goodw 2015; Parker 2006).

– How to deal wth the uncertainty of (e.g., complex multscale) models ad ther predc‑
tos that result from terdscplary research as  clmate models (e.g., Parker 2011).

– How to acheve a tegrated treatmet of complex socetal ssues, e.g., by tegratg 
stakeholders, models of dyamc processes, deret scales, ad socetal cosderatos 
to integrated environmental assessment models for maagemet decsos uder u‑
certaty (cf. Kelly et al. 2013; see also Strasser et al. 2014; Ikpe et al. 2020).

3.3 Modeling strategies in interdisciplinary research practices

Practcg researchers have developed several modelg ad tegrato strateges to ad‑
dress the ssues metoed. Ths s llustrated wth a umber of examples, ragg from 
modelg  systems bology to models that support the maagemet of complex systems.

Kremlg ad Saez‑Rodrguez (2007) propose a egeerg approach to systems biol‑
ogy, for whch they adopt a modeling framework based on network theory. Network theory 
cosders all processes a coecto of components ad coupling elements. Compoets 
represet physcal quattes lke eergy, mass, (bo)chemcal substaces, or mometum. 
That s, the tme‑ ad locato‑depedet amouts of these compoets  the physcal 
system are (coceptually ad mathematcally) represeted as tme‑ ad locato‑depedet 
varables  the model whle couplg elemets descrbe the physcal uxes of compoets. 
I other words, the physcal amout of compoets owg to or out of a locato s (co‑
ceptually ad mathematcally) represeted as chages  the tme‑ ad locato‑ depedet 
varable values  the model. Addtoally, compoets ad couplg elemets ca be de‑
ed o deret hierarchical modeling levels, whch eable the aggregato of systems of 
compoets ad couplg elemets to a sgle compoet o a hgher level.

Smlarly, Coveey ad Fowler (2005) expla, “from the perspectve of a physcst,” 
the role of multiscale models  coectg models of systems at deret tme‑ ad legth‑ 
scales. Ther case study also resdes  systems bology. Ther ultmate epstemc goal s 
to costruct a whole‑organ heart model (for example, to study the dyamcs of the heart 
or crcada rhythms), by couplg models that represet processes at the molecular ad 
cellular scale. Hece, (coceptual ad mathematcal) models of processes at the molecular 
bologcal level must be coected (.e., tegrated) wth models of processes at the cel‑
lular level,  order to represet (coceptually ad mathematcally) teractos betwee 
dyamcal systems that are physcally related. Oe of the challeges they am to solve by 
the coupled multscale approach s to accout for the role of feedback, .e., to buld to 
the model chages o the larger legth‑scale that aect behavor at the smaller legth‑scale.

Atle ad Stoorvogel (2006) study vulerable agricultural (or, agro‑eco) production 
systems. They vew these as complex ad dyamc systems that result from teractg 
physcal, bologcal, ad huma decso‑makg processes ad may teral feedbacks. 
Ther goal s a computer simulation model of the system descrbg the teractg bo‑
physcal ad ecoomc decso‑makg subsystems o compatble spatal ad temporal 
scales. Ther modelg strategy s a modular model‑coupling approach,  whch models 
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of subsystems are coupled by usg a subset of (spatally ad temporally varyg) state 
 varables from oe subsystem as puts to aother subsystem. Accordg to these authors, 
advatages to the modular approach are that the dscples volved develop (modular) 
models of subsystems, whch, whe coupled, are kept  ther orgal (perhaps smpled) 
form. Ths warrats the trasparecy of models ad makes t easer for researchers to buld 
ad test the models. I a case study of a vulerable agrcultural system, they llustrate the 
mportace of a modular model‑coupling approach that cludes the dyamcs ad spatal 
heterogeety  the aalyss of the agro‑eco behavor of the producto system. For exam‑
ple, the ecoomc problem facg farmers s decdg whch crop to grow. Ths s where 
the computer smulato of the agrcultural system  ther area ca assst by showg the 
log‑term mpacts, such as sol depth fallg below a crtcal threshold due to eroso, 
whch ca be preveted f farmers opt for crop rotato.

N et al. (2020) developed a hybrd model amed at a accurate and reliable forecasting 
model for water resource plag ad maagemet. Ther hybrid model s based o the 
principle of modular modelling,  whch a complex problem s dvded to more smple 
sub‑models. The epstemc ad pragmatc purpose of these types of models s accurate ad 
relable streamow (low ad hgh) forecastg to provde formato for water resource 
maagemet ad tmely warg of atural dsasters, such as droughts ad oods.

Levot et al. (2011) use Bayesian belief networks (BBN) to tegrate the dgs of 
separate bologcal, ecoomc, ad socologcal studes, to be used as a decso‑support 
tool for the terdscplary evaluato of potetal Baltc salmo maagemet plas. Ther 
epstemc ad pragmatc am s to evaluate the robustess of maagemet decsos to 
deret prortes ad varous sources of ucertaty. The BBN ca thus be cosdered a 
model costructed as a epstemc tool to represet teractos ad resposes to polcy 
decsos.

Kelly et al. (2013) preset a comprehesve revew of ve commo modelg  approaches 
 evrometal sceces that have the capacty to tegrate kowledge – that s,  modelg 
approaches that ca accommodate multple ssues, values, scales (e.g., tme‑ ad 
legth‑scales) ad ucertaty cosderatos, as well as facltate stakeholder egagemet. 
These modelg approaches are systems dynamics, Bayesian networks, coupled compo‑
nent models, agent‑based models, ad knowledge‑based models (as  expert systems). 
Addtoally, Kelly et al. use ther aalyss to develop a framework to help modelers ad 
model‑users select a approprate modelg approach for ther tegrated evrometal 
assessmet ad maagemet applcatos ad eable more eectve learg  terdsc‑
plary settgs.

Stareld ad Jarre (2011) propose a set of recommedatos for coductg terds‑
cplary research – whch  ther case focuses o interdisciplinary modeling for an eco‑
system approach to management in marine social‑ecological systems – emphaszg that 
“Iterdscplary work eeds to be costraed by clear system objectves. The emphass 
s o the word ‘system’ because t s a mstake to dee objectves from the vewpot of 
the dscples themselves. …. It s essetal to use a modelg paradgm that focuses o 
objectves ad leads to a balaced cotrbuto from each dscple” (Stareld ad Jarre 
2011, 217–218). They cosder frame‑based modeling sutable as a modelg paradgm for 
addressg log‑term chages  socal‑ecologcal systems. Notably, the emphatc prem‑
se of lettg the overarchg epstemc ad pragmatc goal take precedece (rather tha 
the epstemc goals of the dscples) may coct wth “the advatages of the modular 
model‑coupling approach” recommeded by Atle ad Stoorvogel (2006).
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Strasser et al. (2014) develop a coupled component model to facltate a tegratve as‑
sessmet of the mpact of clmate chage o sow codtos ad skg toursm  a typcal 
Austra sk resort. They use ths as a case study for the desg of interface tools to eable 
the tegrato betwee dscplary sub‑models. Importatly, ther focus o terfaces to 
eable tegrato of quattatve ad qualtatve kowledge– that s, values, from relevat 
atural ad socal scece dscples‑such as variables from clmate ad weather sceces, 
ad indicators ad threshold values from ecoomy ad ecology. These terface tools were 
jotly developed by scetsts ( clmate, sow hydrology, ecoomy, ad toursm) ad 
the decso‑makers resposble for the skg dustry ad regoal toursm developmet. 
The authors emphasze that “the jot model developmet ad terface desg are core 
elemets of tegrato, ad ca be regarded as a mutual learg ad egotato process 
where uderstadg cotuously develop” (Strasser et al. 2014, 186; see also Atle ad 
Stoorvogel 2006, Kelly et al. 2013). Smlarly, De Sades‑Gumarães et al. (2022) argue 
that for ths type of problem, polcymakers should take part  the terdscplary re‑
search project, thus makg t a process of knowledge coproduction amed at supportg 
polcy decsos for complex problems (see also De Grads ad Efstathou 2016).

3.4 Philosophical accounts of modeling practices  
in interdisciplinary research

These kds of examples from terdscplary research practces are aalyzed by phloso‑
phers of scece to ucover epstemologcal, methodologcal, ad ethcal aspects of ter‑
dscplary scetc research (cf. Mäk 2016). The practce examples show that the same 
cocepts are used to characterze the ature of a target‑system across a wde rage of 
scetc dscples, such as: “complex systems,” “dyamcal systems,” “sub‑systems,” 
“physcally (or otherwse causally) related processes,” “feedbacks,” “processes at der‑
et tme‑ ad legth‑scales,” ad “varables.” The same apples to the cocepts used by 
researchers  deret research areas to descrbe modelg strateges, such as “tegra‑
to,” “modularty,” “model couplg,” “coupled‑compoet models,” “mult‑scale mod‑
elg,” “herarchcal modelg,” “hybrd modelg,” “etworks,” “systems dyamcs,” 
ad “ terfaces betwee models.” I the scetc lterature, these cocepts are used to 
expla terdscplary research strateges ad methodologes.

Phlosophcal aalyses of exstg scetc research practces show that scetc re‑
searchers  a wde rage of scetc dscples geerally follow the same strategy whe 
developg conceptual models (cf. Boo 2020a; also see MacLeod ad Nersessa 2013; 
Nersessa 2022). The smlarty of research strateges eables tegrato betwee dsc‑
ples (Boo 2020b). A example s the way researchers develop a tegrated model of a 
more complex system, by represetg the system as (causal) teractos betwee relevat 
(ofte dyamc) processes or subsystems (typcally represeted  space‑tme dagrams, cf. 
Boo 2008). Usually, each of those subsystems s the subject of a separate scetc ds‑
cple. I ths strategy, the relevat (dscple‑specc) measurable ad calculable vari‑
ables and parameters are determed for each subsystem. Based o ths, a mathematical 
sub‑model ca be costructed for each subsystem. Itegrato the takes place by co‑
structg a mathematcal model that coects the mathematcal sub‑models va the tme‑ 
ad space‑depedet varables (also called state varables), amely as put ad output 
varables betwee the sub‑models. Fally, these mathematcal models form the bass for 
the costructo of computer simulation models.
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These examples also show that models across a wde rage of complex systems are 
 usually amed at a specc epstemc purpose, e.g., the closer study of the system  terms 
of ts dyamc behavor, the eects of tervetos, ad the determato of ukow 
parameter values (e.g., through computer smulatos), or as a ad  polcy decsos 
usg the model  scearo studes or forecastg (e.g. Kelly et al. 2013; N et al. 2020). 
Altogether, ths mples that models created  the specc research cotexts ca be ter‑
preted as epistemic artifacts ad tools bult for use by researchers ad other stakeholders  
uderstadg, hadlg, or terveg wth complex systems (cf. Kuuttla 2005; see also 
Parker 2020; Nersessa 2022).

It s worth metog separately that some modelg strateges also am at corporat‑
g socal, ecoomc, ad sustaablty values (cf. Ellott ad McKaugha 2014; Parker 
2020) ad mappg the vulerablty of the dyamc system  relato to them, whch s 
bult to the model, for example, va threshold values (e.g., Strasser et al. 2014). These 
practce examples, therefore, llustrate how models ca smultaeously play a role  ex‑
plorg the ethcal mplcatos of (postpog) tervetos  or (lack of) decsos about 
a complex system.

I ethographc studes, phlosophers stay close to rst amg at a rch ad detaled 
descrpto of these practces ad makg explct salet features. Ethographc methods 
have thus bee used (cf. Nersessa ad MacLeod 2022; Nersessa ad Patto 2009; 
 MacLeod 2016; Nersessa 2009; 2022; MacLeod ad Nersessa 2013; 2015; 2016; 
2018; MacLeod ad Nagatsu 2016) to make modeling strategies  cocrete terdscpl‑
ary research practces explct ad to aalyze crtcally ther epstemologcal approach, ‑
vetos, ad qualty (e.g., Mattla 2005; Parker 2006; 2011; Nersessa ad Patto 2009; 
Grüe‑Yao 2016; MacLeod 2018; MacLeod ad Nagatsu 2016; 2018; Nagatsu et al. 
2020; Ikpe ad DesRoches 2020; Nersessa 2022). Some examples are:

Gree’s (2013) aalyss of modelg practces by a case study o etwork modelg  
systems bology, shows that egeerg approaches are appled to the study of bologcal 
systems. Based o ths case study, she argues that the use of engineering principles aords 
a coceptualzato of bologcal fuctos  laguage from cotrol‑ ad graph theory, 
whch ca ope a new epistemic space for understanding biological function.

MacLeod ad Nagatsu’s (2016) ethographc study of the collaborato of ecoomsts 
ad ecologsts  the resource ecoomy ams to aalyze the role of model‑building frame‑
works and strategies that ca play a role  overcomg the heret dcultes of terds‑
cplary research. They dstll varous features of how models are put together ad show 
how a coupled‑model framework s used to coordate ad combe backgroud models 
from ecology ad ecoomcs.

Nersessa’s (2022) book‑log study aalyses research o the epstemc practces of 
terdscplary research  laboratores of bomedcal egeerg (BME) ad te‑
gratve systems bology (ISB). She argues that terdscplary modelg  BME uses 
engineering design methods and principles to understand basic biological phenomena  
order to cotrol dsease processes or create tervetos for specc medcal dsorders. 
ISB ams at a integrative analysis of the behavor of complex (nonlinear) biological 
systems at all levels, from tracellular teractos to ecosystem processes, to vest‑
gate how higher‑level functionality emerges from myrad teractos at lower levels. 
To ths ed, ISB modelg practces integrate computato, appled mathematcs, eg‑
eerg cocepts ad methods, ad bologcal expermetato (see also MacLeod ad 
Nersessa 2016).
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I addto to ethographc studes that provde rch ad detaled descrptos of 
 terdscplary modelg practces, phlosophers also am at targetg epstemologcal 
ad ethcal aspects. Some examples are: Ellott ad McKaugha (2014) o the role of non‑ 
epistemic values, Aderse ad Wagekecht (2013) o the role of epistemic dependence 
and trust  terdscplary research, Aderse (2016) o the teso betwee terdsc‑
plarty ad quality control, ad MacLeod ad Nagatsu (2018) who propose categorizing 
four deret tegratve modelg strateges. Gree (2013) argues that the use of multiple 
representational means s a essetal part of the dyamc of kowledge geerato because 
the dversty of costrats of deret terlockg epstemc meas creates a potential for 
knowledge production. Parker (2006) shows how incompatible climate models are used 
together  multi‑model ensembles ad explas why ths practce s reasonable, gve sc‑
etsts’ ablty to detfy a “best” model for predctg the future clmate. Fally, Frsch 
(2013) argues that tegrated assessmet models used  clmate polces volve hghly co‑
jectural (o‑evdeced), smpled (ujusted), ad trscally ormatve assumptions.

4. Philosophy for interdisciplinary modeling practices

The kowledge of epstemologcal ad methodologcal challeges of terdscplary re‑
search ad the role of modelg there s far from complete. The preseted overvew hgh‑
lghts a umber of aspects. Frst, represetatoal accouts of models are problematzed 
because the costructo of models s eabled by the specctes of the scetc dsc‑
ples (.e., the dscplary perspectve) so that dscple‑specc theoretcal, coceptual, 
strumetal, ad strategc features determe the model cotet. Ths explas why cru‑
cal characterstcs of terdscplary research, amely transfer ad integration (e.g., of 
epstemc resources ad methodologes), ecouter epstemologcal, methodologcal, ad 
coceptual barrers. It also meas that models fucto as tegrators (hubs) of heterogee‑
ous aspects ad,  terdscplary research, of sub‑models. Aother aspect arses from 
the advocacy of terdscplary research focused o epstemc utlty, whch mples that 
models are see as epstemc tools that must meet epstemc ad pragmatc crtera relevat 
to the teded epstemc purpose, ad  the case of scece‑based polcy also ethcal cr‑
tera, e.g., model‑based reasog or computer smulatos for the aalyss, predcto, or 
scearo‑study of complex target‑systems. Researchers do cope wth the metoed eps‑
temologcal, methodologcal, ad cogtve ssues ad barrers, as llustrated by the afore‑
metoed real‑world examples of terdscplary modelg practces.

The philosophy of scientic modeling that targets terdscplary research practces, 
scece‑based polcy, ad hgher educato, should therefore study epstemologes ad 
methodologes of modelg strateges amed at uderstadg complex systems, clud‑
g the crtcal roles of huma cogto ad resposblty there (cf. Boo et al. 2022; 
Nersessa 2022, 283).
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Notes

 1 The cogtve scetst, Barbara Tversky (2017) oers a cocse explaato of metal models,  
whch models as represetatos are terpreted from cogtve sceces perspectve: “represeta‑
tos are teralzed perceptos. However, represetatos caot be copes, they are hghly 
processed. They are terpretatos of the cotet that s the focus of thought. They may select 
some formato from the world ad gore other formato, they may rework the formato 
selected, ad they may add formato, drawg o formato already stored  the bra. I 
ths sese, represetatos are models” (Tversky 2017, VI–VII).

 2 Suárez (2004) proposes a feretal cocepto of represetato, whch etals the dea that 
“[the teral structure of the represetato, e.g., a model] A allows competet ad formed 
agets to [correctly] draw specc fereces regardg [the target] B” (Suárez 2004, 773).

 3 For a more comprehesve revew of aspects addressed  detos of terdscplary scece, 
see Trpp ad Shortldge (2019).

 4 E.g., Speech by ERC Presdet Prof. Jea‑Perre Bourgugo (2019).
 5 Gleed ad Marchat (2016) Interdisciplinarity Survey Report for the Global Research  Council 

2016 Annual Meeting. Also see: Global Research Coucl (.d.) Statement of Principles on 
Interdisciplinarity.

 6 For example: Natoal Academy of Sceces et al. (2005). Natoal Academy of Egeerg (2005).
 Natoal Scece Foudato (2008). Natoal Academes of Sceces et al. (2018, Chapter 3). 
Wtchel (2022) ad Psychologcal Socety (2021). Cracu et al. (2023). Moser et al. (2022).

7 Amerca Assocato for the Advacemet of Scece AAAS. (2009). Vision and change in Under‑
graduate Biology Education: A Call to Action, Final Report. Washgto, DC. Retreved Jauary 
3, 2023. Ths report s o loger avalable ole; see Wood et al. (2010).

 8 Chroc dsease maagemet requres a tegrated care approach to maagg lless that ‑
cludes screegs, check‑ups, motorg, ad coordatg treatmet, ad patet educato (cf. 
Bardha et al. 2020). Polcy ad maagemet of rsk (e.g., by govermets, surace compaes, 
ad dustres) requres terdscplary research that combes techcal rsk aalyss (focusg 
o the cotrollablty, safety, ad relablty of techcal systems ad processes, ad aalyss of 
how falure ca occur) or epdemologcal ad toxcologcal rsk aalyss (focusg o probablty 
ad serousess of lless due to toxc compouds or medces) wth studes to publc percep‑
to of rsk (e.g., coceptualzg ad studyg socal processes uecg rsk percepto) ad 
rsk commucato (Z ad Taylor‑Gooby 2006).

 9 These kds of (heterogeeous) elemets —that are exchaged betwee dscples— are bult‑to 
models, as  models‑as‑tegrators ad models‑as‑epstemc‑tools. More elaborate accouts of 
kowledge trasfer betwee dscples ca be foud  a specal ssue o ths topc edted by 
 Herfeld ad Lscadra (2019).

 10 Va Baale (2019) provdes a example of terdscplary bomedcal research to develop a dag‑
ostc techology. She coducted a ethographc study to aalyse reasog ad decso‑makg 
processes wth a multdscplary research team —cosstg of a clca, a radologst (spe‑
calzed  thorax magg), a radographer ad a MRI egeer— who collaboratvely developed 
a ew clcal MRI magg techque for the o‑vasve dagoss of respratory dseases.

 11 Recogzg deret epstemc goals s also crucal to terdscplary research wth academa 
(c.f. Gree 2013). See also Parker (2020). Love ad Brgad (2017) push for a shft  focus from 
metaphysics to epistemology. Phlosophers should approach coceptual problems  scece (such 
as the problem of bologcal dvdualty) by payg atteto to the varety of epistemic goals 
uderlyg successful scetc practce.

 12 Notable, pragmatc ad epstemc crtera relevat to the research project at had, should also gude 
the assessmet of the qualty of terdscplary work  educatoal settgs (cf. Maslla 2005).
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