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INTERDISCIPLINARITY 

THROUGH MODELLING

Mieke Boon

1. Introduction

Over the last few decades, research orgazatos such as the Natoal Academy of  Sceces 
(2005) have emphaszed the mportace of terdscplary research ad educato (see also 
Tuaa 2013). Research polcymakers ofte ackowledge that terdscplary  research s 
challegg for umerous reasos, such as the orgazato ad fudg of research, polt‑
cal obstacles, the complexty of terdscplary research, ad the dculty of commuca‑
to wth a multdscplary team (see Jacobs ad Frckel 2009 for a crtcal evaluato). 
However, hardly ay atteto has bee pad to the epstemologcal, methodologcal, ad
coceptual barrers ad cogtve costrats of workg across dscplary domas 
( MacLeod 2018). I the phlosophy of scece, Nacy Nersessa, Mles MacLeod, Uskal 
Mak, ad Mchru Nagatsu have doe poeerg work  studyg the strateges (esp. 
modelg strateges) of researchers  terdscplary scetc practces.

Thus, whle the phlosophy of scece tally focused o questos of the ature, otol‑
ogy, ad represetatoal propertes of models, aalyses of research to complex problems 
clude the cogtve, epstemologcal, methodologcal, ad pragmatc aspects related to 
modelers ad model‑users. Aalyzg the cogtve complexty of modelg complex prob‑
lems thereby oers ew sghts to the ature of models ad modelg practces. Whe 
focusg o the ature of the tellectual work researchers accomplsh through buldg ad 
usg models, cogtve processes becomes a heret part of these studes, troducg 
ew otos, such as model‑based understanding, model‑based reasoning, model‑based ex‑
planation, modeling strategies, mental models,1 ad models as cognitive artifacts (Nerses‑
sa 2009; 2022, see also Maga ad Bertolott 2017; Mattla 2005; O’Malley ad Soyer 
2012; MacLeod 2018). By cludg cogtve processes  phlosophcal aalyses of models 
ad modelg practces, other otos that emerge are: inferential reasoning, model‑users 
ad competent cognitive agents (Suárez 2004; Gere 2010);2 epistemological responsibil‑
ity (Va Baale ad Boo 2015); epistemology of models and modeling (Boo ad Va 
Baale 2019); ad researchers having disciplinary perspectives (Boo 2020b). Addtoally, 
ths tur of focus provdes crucal sghts for education  terdscplary research (e.g., 
Boo 2020a; Boo et al. 2022; Nersessa 2022; Va de Beemt et al. 2020) ad modelg 
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strateges  science‑based policy (e.g., MacLeod 2018; MacLeod ad Nagatsu 2018;  
Nagatsu ad Ruzzee 2019; Nagatsu et  al. 2020; Frsch 2013; Ikpe ad DesRoches 
2020). Furthermore, whe the epistemic usefulness of models  practcal applcatos such 
as scece‑based polcy s take to accout, where models are cosdered epistemic tools 
(Boo ad Kuuttla 2009; Kuutla ad Boo 2011) for problem‑aalyss, forecastg, 
ad scearo studes, stll other features of modelg become promet, whch have m‑
plcatos for phlosophcal vews o models,  partcular regardg ther represetatoal 
characterstcs. For example, Ellot ad McKaugha (2014) argue that scetc represeta‑
tos should also be evaluated o ther sutablty for the practcal ad epstemc purposes 
of model users, whch requres cludg o‑epstemc values. Smlarly,  the cotext of 
clmate modelg, Parker (2020) proposes a adequacy‑for‑purpose vew o models. Study‑
g terdscplary research practces thus leads to ew themes ad research questos for 
the phlosophy of scece (see Mäk 2016).

The topc of ths chapter – terdscplarty through modelg  research, scece‑based 
polcy, ad educato – coects two subjects that are ofte treated separately wth the 
phlosophy of scece: terdscplarty ad models. Secto 2 addresses the why, what, 
ad how of terdscplary research, ad the role of models ad modelg there. To ths 
ed, scholarly, polcy‑related, ad phlosophcal lterature o terdscplary research has 
bee surveyed. Secto 3 dscusses accouts of models ad modelg strateges ad provdes 
a outle of epstemologcal ad methodologcal ssues of terdscplary research prac‑
tces. Use s made of both scetc lterature o methodologes  terdscplary research 
ad phlosophy of scece lterature o the role of models  ths. Secto 4 cocludes wth 
a bref overvew of ssues to be addressed  a philosophy for interdisciplinary modeling 
practices.

2. Interdisciplinarity

2.1 Denition of interdisciplinary research

Iterdscplarty s studed  scholarly domas ragg from scece polcy studes, gov‑
erace studes, STS (scece, techology, ad socety), scece educato, cogtve sc‑
eces, phlosophy of scece, ad socal epstemology. Oe of the scholarly ams s a correct 
denition (e.g., Kle 1990; Aboelela et al. 2007; Repko 2008; Newell ad Gago 2013). 
Three characterstcs are usually foud  detos of terdscplary research: (I) the 
rationale for terdscplary research s solvg a problem, or addressg a topc that s 
too broad or complex to be dealt wth adequately by a sgle dscple or professo (cf. 
Newell ad Gago 2013); (II) the epistemic purpose of terdscplary research s (a) to 
advace fundamental understanding of a pheomeo, or (b) to develop kowledge ad 
uderstadg for solving (complex) problems; ad (III) the crucal role of integration of 
(a) knowledge (or, more broadly, epstemc resources such as data, cocepts, laws, ad 
theores), (b) instruments (cludg methods ad techologes), or eve (c) disciplinary 
perspectives.3 A example s the oft‑cted deto by The National Academy of Science 
(2005): “Iterdscplary research (IDR) s a mode of research by teams or dvduals that 
tegrates formato, data, techques, tools, perspectves, cocepts, ad/or theores from 
two or more dscples or bodes of specalzed kowledge to advace fudametal uder‑
stadg or to solve problems whose solutos are beyod the scope of a sgle dscple or 
area of research practce” (Natoal Academy of Scece et al. 2005, 2).
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2.2 Interdisciplinarity in scientic research, higher education,  
and science‑based policy

Research polcy documets from leadg orgazatos, sttutes, ad research coucls 
emphasze the crtcal mportace of terdscplary research (e.g., NSF, NRC, NAS, ESF, 
ERC,4 GRC,5 NWO, Va Noorde 2015). Three argumets are ofte made  favor of ‑
terdscplary research (Rylace 2015). Frst, the grad challeges facg socety –  eergy, 
water, clmate, food, health – are ot ameable to sgle‑dscple vestgato; they of‑
te requre may types of expertse across the bologcal, physcal, ad socal dscples 
(see also Frodema 2016; De Grads ad Efstathou 2016; Nagatsu et al. 2020). Secod, 
dscoveres are sad to be more lkely o the boudares betwee elds, where the latest 
techques, perspectves, ad sghts ca reoret or crease kowledge. Thrd ecouters 
wth others beet sgle dscples, extedg ther horzos. Moreover, the prolferato 
of dscples  the tweteth cetury creasgly calls for brdgg them ad trascedg 
the scope of sgle dscples o complex problems, .e., for terdscplary research (e.g., 
Allwood et al. 2020).

Smlarly, hgher educato polcy documets assume that terdscplarty s creas‑
gly becomg the hallmark of cotemporary kowledge producto ad professoal lfe 
(Maslla 2005).6 Graduate studets ad ther trag programs are recogzed as essetal 
to creasg terdscplary research capacty (Borrego ad Newswader 2010; Spelt 
et al. 2009; Trpp ad Shortldge 2019; Nersessa 2022). A example of ths move towards 
terdscplary research ad educato s a AAAS vso report (2009)7 o developmets 
 bology research ad educato that are becomg creasgly terdscplary. How‑
ever, scetc research to teachg ad learg  terdscplary hgher educato, for 
example regardg ecessary research ad thkg sklls, s stll lmted ad exploratory 
(Spelt et al. 2009; Va de Beemt 2020; Boo et al. 2022).

Addtoally, there s a strog terest  promotg ad fudg collaborato betwee 
scetc dscples to support scece‑based polcy. For example, betwee ecologsts, 
ecoomsts, socologsts, cvl egeers, ad atmospherc scetsts workg o a te‑
grated uderstadg of evrometal problems  whch socal, ecoomc, ecologcal, 
ad clmate systems are causally tertwed (MacLeod ad Nagatsu 2018; see also  Ikpe 
et  al. 2020), or o assessmet models that assst  clmate polces (e.g., Frsch 2013; 
Goodw 2015; Parker 2018). Smlar examples are the terdscplary modelg of a 
ecosystem maagemet approach to mare socal‑ecologcal systems (Stareld ad Jarre 
2011; see also Levot et al. 2011; Nmäk et al. 2012; Kelly et al. 2013; Strasser et al. 
2014; N et al. 2020). Other examples of the mportace of terdscplary research to 
polcy ad maagemet are chroc dsease maagemet (e.g., Bardha et al. 2020) ad the 
polcy ad maagemet of rsk (e.g., Z ad Taylor‑Gooby 2006).8

2.3 Cognitive and epistemological challenges of interdisciplinary research

Iterdscplarty scholars also propose models of the terdscplary research process 
(e.g., Kle 1990; Repko 2008; Meke ad Keestra 2016; Repko ad Szostak 2017) draw‑
g o lterature  cogtve scece ad socal psychology. These authors assume integra‑
tion (of the research questo, theoretcal frameworks, method, results, ad coclusos) 
as a crucal aspect of terdscplary research. They recommed step‑by‑step research 
processes that closely resemble commo models of research processes, wth the addto 
that nding or creating common ground s recommeded as a way to acheve integration 
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between disciplines. Ths approach thus reles heavly o commucato betwee the 
dscples but dsregards the fudametal cogtve ad epstemologcal challeges of 
commucato ad tegrato betwee dscples (cf. MacLeod 2018). Itegrato (or 
coectg, or ttg together) of epstemc resources ad methodologes from deret 
dscples s challegg because they are embedded  a tghtly‑kt etwork of sce‑
tc cocepts, theores, fudametal prcples, epstemc ad pragmatc values, as well as 
techques, procedures, routes, ad modelg strateges that form the dscple, to the 
eect that dscples or ther cotet caot be put together  a straghtforward maer 
(Boo 2020b; Nersessa 2022). Moreover, the metoed scholarly studes do ot assg 
a explct role to models ad modelg  achevg tegrato betwee dscples, whle 
modelg s stadard practce  exstg terdscplary research. So, despte scholarly 
studes to create strateges ad plas for dog terdscplary research, there s stll a 
lack of proper artculato ad testg of terdscplary research approaches (cf. Nagatsu 
et al. 2020, 1810; see also Grüe‑Yao 2016; Mäk 2016).

2.4 Interdisciplinary research in practice

Scetc dscples are ot closed slos but develop, amog other thgs, through the tras‑
fer ad mplemetato of aspects from other dscples. Grüe‑Yao ad Mäk (2014) 
provde a systematc overvew of types of exchages betwee dscples. Elaborate ex‑
amples of such exchages are descrbed  the ethographc studes coducted by Nerses‑
sa (2009; 2022), MacLeod (2016), MacLeod ad Nersessa (2013; 2015; 2016; 2018), 
ad MacLeod ad Nagatsu (2016). Exchage cludes elemets such as: kowledge about 
specc pheomea; expermetal methods to create ad vestgate pheomea; measure‑
met equpmet ad techques; scetc cocepts (e.g., ‘coservato prcples,’ ‘opera‑
tos,’ ‘mechasms,’ ‘eergy,’ ‘equlbrum,’ ‘dyamcs,’ ‘threshold,’ ‘saturato,’ ‘buer,’ 
‘reversblty,’ ‘hysteress,’ ‘evoluto,’ ‘ecology,’ ‘ecosystem’); mathematcal ad statstcal 
methods to d structure  data ad establsh meagful, quatable pheomea or pat‑
ters  data; mathematcal templates (Humphreys 2019); model templates (e.g., Kuuttla 
ad Loettgers 2016; Houkes ad Zwart 2019); computer smulato methods to estmate 
ukow parameters or to lk deret types of models ad study the dyamcs of a sys‑
tem; the combato of deret types of (quattatve ad qualtatve) research methods 
to mxed methods that expad research desgs; ad modelg strateges (e.g., from e‑
geerg sceces to molecular or systems bology).9 Secto 3 explas that these types of 
(heterogeeous) elemets (exchaged betwee dscples) are bult to scetc models 
(Boumas 1999; Boo ad Kuuttla 2009; Kuutla ad Boo 2011). Iterdscplarty 
s thus acheved through modelg, whereby tegrato of the metoed elemets takes 
place  modelg (.e., models as tegrators) ad the resultg models become epstemc 
tools. As a result of these dyamcs betwee research practces, some of these aspects are 
o loger dscple‑specc but are shared cross‑dscplarly ad embedded  multple 
dscples.

New dscples emerge whe researchers collaborate o problems or systems that are 
cosdered to cosst of causally interacting sub‑systems vestgated  dstct dscples. 
The sub‑systems ad ther teractos are ofte vestgated  expermetal models ad 
represeted ad tercoected by meas of coceptual models, mathematcal models, com‑
puter smulatos (Nersessa 2022), ad dagrammatc models (Boo 2008). Tradtoal 
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examples are specalzed dscples  the egeerg, agrcultural, ad  bomedcal  sceces 
(e.g., Nerssessa ad Patto 2009; Nersessa 2009; 2022). More recet  examples are 
uclear physcs, systems bology (Coveey ad Fowler 2005; O’Malley ad Soyer 2012; 
Gree 2013; MacLeod ad Nerssessa 2013; 2015; 2016; 2018), eurosceces (e.g., 
Faga 2017), computer sceces, geo‑ ad clmate sceces (e.g., Parker 2018; MacLeod ad 
Nagatsu 2018). Iterdscplary research, therefore, does ot always take place through 
integration  the sese of the aforemetoed deto of terdscplary research (cf. 
Grüe‑Yao 2016) but s ofte a matter of cross‑fertlzato through trasfer ad ex‑
chage betwee dscples.

A major motvato for promotg terdscplary research s to cotrbute to problems 
or opportutes outsde scece, such as those addressed  so‑called appled sceces (the 
egeerg, agrcultural ad bomedcal sceces), ad more geerally, “real‑world” prob‑
lems related to ew dustral opportutes, complex polcy ssues  socety, ad the UNE‑
SCO’s sustaablty goals. I these applcato cotexts, terdscplary research projects 
usually focus o developg techologes,10 computer smulatos, scearo desgs, ad 
other types of tools for epstemc purposes, such as measuremet, dagoss, explorato, 
forecastg, ad scearo vestgato.

The dstcto betwee terdscplary research wth academc dscples focused 
o true knowledge about (fundamental) aspects of the world versus terdscplary re‑
search focused o actionable epistemic tools that make it possible to address real‑world 
problems (e.g.,  scece‑based polcy cotexts) mples deret epstemc ad pragmatc 
crtera for research qualty (cf. Ellot ad McKaugha 2014; Brster 2016; De Grads ad 
Efstathou 2016; Parker 2020),11,12 as well as epstemologes, methodologes, ad modelg 
strateges to meet these varous crtera.

3. Models and modeling in interdisciplinary research practices

3.1 Models as integrators

I research practces, models ad modelg are stadard practces to acheve tegrato. 
Boumas’ (1999) study o busess cycles  the semal collecto Models as Mediators 
(Morrso ad Morga 1999) shows that models are constructed by integrating many het‑
erogeneous “ingredients,” such as aaloges, metaphors, theoretcal otos, mathematcal 
cocepts, mathematcal techques, stylzed facts, emprcal data ad ally relevat polcy 
vews, whereby the correctess of the resultg scetc model s partly justed by the sc‑
etcally soud choces researchers make  the modelg process. Ths approach to mod‑
elg  scetc practces s also studed by ethographc studes. For example, Nersessa 
ad Patto (2009), have studed bomedcal egeerg laboratores ad argue that metal, 
physcal, ad computer models fucto as hubs that eable the tegrato (“terlock‑
g”) of bologcal ad egeerg cocepts, methods, ad materals. These models,  
tur, are metal ad exteral represetatos that eable model‑based fereces that sup‑
port research ad learg about the system (see also Nersessa 2022).

I ths vew, modelg thus plays a role  tegrato processes, wth models as integra‑
tors of ot oly the “gredets” metoed by Boumas, but also, as wll be llustrated 
below wth examples from practce, of sub‑models that represet sub‑systems wth ter‑
dscplary research.
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3.2 How the construction of scientic models facilitates  
interdisciplinary research

Ths process towards phlosophcal accouts of models ad modelg that cludes the 
cogtve, epstemologcal, methodologcal, ad pragmatc aspects related to modelers ad 
model‑users  research practces, s further elaborated by Boo ad Kuuttla (2009; see 
also Kuuttla ad Boo 2011), who propose cosderg models as epistemic tools. They 
thereby buld o Kuuttla’s (2005) oto of models as epistemic artefacts, whch ex‑
plctly devates from the dea that our uderstadg of modelg should be reduced to 
models represetg some exteral target systems – for models are ot oly represetatve 
artefacts, but also productve artefacts , for example, model‑based reasog about the 
target system. Boo (2020a) elaborates o how models are costructed, amely by deter‑
mg the heterogeeous “gredets” that are usually bult to the model (cf. Boumas 
1999). Boo (2020b) provdes further epstemologcal substatato for ths accout, 
whch also emphaszes the choces that researchers have to make  the costructo of 
a model. Researchers ca be held accoutable for these choces, whch s captured by the 
cocept of epistemological responsibility (cf. Va Baale ad Boo 2015). Addtoally, 
scetc models are justied ad tested  at least three ways that complemet each other, 
amely: () by justfyg the relevace, physcal plausblty, ad adequacy of aspects bult 
to the model; () by assessg whether the model meets relevat epstemc ad pragmatc 
crtera; ad () by emprcal or expermetal testg agast realty, e.g., by comparg
model‑outcomes ad expermetal results (cf. Boo 2020b).

But the costructo of models s also determed by “the specctes of a dscple,” 
each wth ts ow cocepts ad specc modelg strateges, whch makes terdscplary 
collaborato (cludg tegrato ad trasfer betwee dscples) dcult (cf. MacLeod 
2018). Boo ad Va Baale (2019) ad Boo (2020b) aalyse ths problem of terds‑
cplary research  terms of disciplinary perspectives ad argue that these are ot eces‑
sarly opaque. Istead, dscplary perspectves should be made explct ad explaed  
terdscplary research projects. Based o Kuh’s oto of dscplary matrces ad 
the aforemetoed epstemology of model costructo, they develop a framework for 
aalyzg dscplary perspectves that ca be used by dvdual researchers (recogzg 
that researchers may have slghtly deret perspectves eve wth a dscple), whch 
facltates terdscplary uderstadg ad commucato.

O a more e‑graed practcal level, model costructo  terdscplary research 
volves a broad spectrum of modeling strategies, whch rase addtoal epstemologcal, 
methodologcal, ad ethcal ssues, for example:

– How to coect models from deret dscples, for whch researchers use the o‑
to of coupling (e.g., Coveey ad Fowler 2005; Kremlg ad Saez‑Rodrguez 2007; 
 MacLeod ad Nersessa 2013; MacLeod ad Nagatsu 2016).

– How to deal wth coectg models of dyamc physcally related systems at dierent 
time – and length‑scales as : systems bology (e.g., Coveey ad Fowler 2005; Krem‑
lg ad Saez‑Rodrguez 2007; MacLeod ad Nersessa 2015; 2016); tegrated as‑
sessmet of agrcultural producto systems (Atle ad Stoorvogel 2006); or tegrated 
evrometal assessmet ad maagemet (Kelly et al. 2013).

– How to coect models of deret kds  the atural ad egeerg sceces, such 
as mechastc ad mathematcal models, for whch diagrammatic models are proposed 
(cf. Boo 2008).
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– How to coect models from the atural sceces (broadly terpreted as sceces that 
cocer atural ad physcal processes) ad socal sceces, e.g.,  clmate modelg 
to support polcy decsos, for whch integrated assessment models are proposed (e.g., 
Frsch 2013; also see Strasser et al. 2014; Parker 2006; 2011).

– How to assess the reliability of (complex multiscale) models that result from terdsc‑
plary research as  clmate models (e.g., Goodw 2015; Parker 2006).

– How to deal wth the uncertainty of (e.g., complex multscale) models ad ther predc‑
tos that result from terdscplary research as  clmate models (e.g., Parker 2011).

– How to acheve a tegrated treatmet of complex socetal ssues, e.g., by tegratg 
stakeholders, models of dyamc processes, deret scales, ad socetal cosderatos 
to integrated environmental assessment models for maagemet decsos uder u‑
certaty (cf. Kelly et al. 2013; see also Strasser et al. 2014; Ikpe et al. 2020).

3.3 Modeling strategies in interdisciplinary research practices

Practcg researchers have developed several modelg ad tegrato strateges to ad‑
dress the ssues metoed. Ths s llustrated wth a umber of examples, ragg from 
modelg  systems bology to models that support the maagemet of complex systems.

Kremlg ad Saez‑Rodrguez (2007) propose a egeerg approach to systems biol‑
ogy, for whch they adopt a modeling framework based on network theory. Network theory 
cosders all processes a coecto of components ad coupling elements. Compoets 
represet physcal quattes lke eergy, mass, (bo)chemcal substaces, or mometum. 
That s, the tme‑ ad locato‑depedet amouts of these compoets  the physcal 
system are (coceptually ad mathematcally) represeted as tme‑ ad locato‑depedet 
varables  the model whle couplg elemets descrbe the physcal uxes of compoets. 
I other words, the physcal amout of compoets owg to or out of a locato s (co‑
ceptually ad mathematcally) represeted as chages  the tme‑ ad locato‑ depedet 
varable values  the model. Addtoally, compoets ad couplg elemets ca be de‑
ed o deret hierarchical modeling levels, whch eable the aggregato of systems of 
compoets ad couplg elemets to a sgle compoet o a hgher level.

Smlarly, Coveey ad Fowler (2005) expla, “from the perspectve of a physcst,” 
the role of multiscale models  coectg models of systems at deret tme‑ ad legth‑ 
scales. Ther case study also resdes  systems bology. Ther ultmate epstemc goal s 
to costruct a whole‑organ heart model (for example, to study the dyamcs of the heart 
or crcada rhythms), by couplg models that represet processes at the molecular ad 
cellular scale. Hece, (coceptual ad mathematcal) models of processes at the molecular 
bologcal level must be coected (.e., tegrated) wth models of processes at the cel‑
lular level,  order to represet (coceptually ad mathematcally) teractos betwee 
dyamcal systems that are physcally related. Oe of the challeges they am to solve by 
the coupled multscale approach s to accout for the role of feedback, .e., to buld to 
the model chages o the larger legth‑scale that aect behavor at the smaller legth‑scale.

Atle ad Stoorvogel (2006) study vulerable agricultural (or, agro‑eco) production 
systems. They vew these as complex ad dyamc systems that result from teractg 
physcal, bologcal, ad huma decso‑makg processes ad may teral feedbacks. 
Ther goal s a computer simulation model of the system descrbg the teractg bo‑
physcal ad ecoomc decso‑makg subsystems o compatble spatal ad temporal 
scales. Ther modelg strategy s a modular model‑coupling approach,  whch models 
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of subsystems are coupled by usg a subset of (spatally ad temporally varyg) state 
 varables from oe subsystem as puts to aother subsystem. Accordg to these authors, 
advatages to the modular approach are that the dscples volved develop (modular) 
models of subsystems, whch, whe coupled, are kept  ther orgal (perhaps smpled) 
form. Ths warrats the trasparecy of models ad makes t easer for researchers to buld 
ad test the models. I a case study of a vulerable agrcultural system, they llustrate the 
mportace of a modular model‑coupling approach that cludes the dyamcs ad spatal 
heterogeety  the aalyss of the agro‑eco behavor of the producto system. For exam‑
ple, the ecoomc problem facg farmers s decdg whch crop to grow. Ths s where 
the computer smulato of the agrcultural system  ther area ca assst by showg the 
log‑term mpacts, such as sol depth fallg below a crtcal threshold due to eroso, 
whch ca be preveted f farmers opt for crop rotato.

N et al. (2020) developed a hybrd model amed at a accurate and reliable forecasting 
model for water resource plag ad maagemet. Ther hybrid model s based o the 
principle of modular modelling,  whch a complex problem s dvded to more smple 
sub‑models. The epstemc ad pragmatc purpose of these types of models s accurate ad 
relable streamow (low ad hgh) forecastg to provde formato for water resource 
maagemet ad tmely warg of atural dsasters, such as droughts ad oods.

Levot et al. (2011) use Bayesian belief networks (BBN) to tegrate the dgs of 
separate bologcal, ecoomc, ad socologcal studes, to be used as a decso‑support 
tool for the terdscplary evaluato of potetal Baltc salmo maagemet plas. Ther 
epstemc ad pragmatc am s to evaluate the robustess of maagemet decsos to 
deret prortes ad varous sources of ucertaty. The BBN ca thus be cosdered a 
model costructed as a epstemc tool to represet teractos ad resposes to polcy 
decsos.

Kelly et al. (2013) preset a comprehesve revew of ve commo modelg  approaches 
 evrometal sceces that have the capacty to tegrate kowledge – that s,  modelg 
approaches that ca accommodate multple ssues, values, scales (e.g., tme‑ ad 
legth‑scales) ad ucertaty cosderatos, as well as facltate stakeholder egagemet. 
These modelg approaches are systems dynamics, Bayesian networks, coupled compo‑
nent models, agent‑based models, ad knowledge‑based models (as  expert systems). 
Addtoally, Kelly et al. use ther aalyss to develop a framework to help modelers ad 
model‑users select a approprate modelg approach for ther tegrated evrometal 
assessmet ad maagemet applcatos ad eable more eectve learg  terdsc‑
plary settgs.

Stareld ad Jarre (2011) propose a set of recommedatos for coductg terds‑
cplary research – whch  ther case focuses o interdisciplinary modeling for an eco‑
system approach to management in marine social‑ecological systems – emphaszg that 
“Iterdscplary work eeds to be costraed by clear system objectves. The emphass 
s o the word ‘system’ because t s a mstake to dee objectves from the vewpot of 
the dscples themselves. …. It s essetal to use a modelg paradgm that focuses o 
objectves ad leads to a balaced cotrbuto from each dscple” (Stareld ad Jarre 
2011, 217–218). They cosder frame‑based modeling sutable as a modelg paradgm for 
addressg log‑term chages  socal‑ecologcal systems. Notably, the emphatc prem‑
se of lettg the overarchg epstemc ad pragmatc goal take precedece (rather tha 
the epstemc goals of the dscples) may coct wth “the advatages of the modular 
model‑coupling approach” recommeded by Atle ad Stoorvogel (2006).
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Strasser et al. (2014) develop a coupled component model to facltate a tegratve as‑
sessmet of the mpact of clmate chage o sow codtos ad skg toursm  a typcal 
Austra sk resort. They use ths as a case study for the desg of interface tools to eable 
the tegrato betwee dscplary sub‑models. Importatly, ther focus o terfaces to 
eable tegrato of quattatve ad qualtatve kowledge– that s, values, from relevat 
atural ad socal scece dscples‑such as variables from clmate ad weather sceces, 
ad indicators ad threshold values from ecoomy ad ecology. These terface tools were 
jotly developed by scetsts ( clmate, sow hydrology, ecoomy, ad toursm) ad 
the decso‑makers resposble for the skg dustry ad regoal toursm developmet. 
The authors emphasze that “the jot model developmet ad terface desg are core 
elemets of tegrato, ad ca be regarded as a mutual learg ad egotato process 
where uderstadg cotuously develop” (Strasser et al. 2014, 186; see also Atle ad 
Stoorvogel 2006, Kelly et al. 2013). Smlarly, De Sades‑Gumarães et al. (2022) argue 
that for ths type of problem, polcymakers should take part  the terdscplary re‑
search project, thus makg t a process of knowledge coproduction amed at supportg 
polcy decsos for complex problems (see also De Grads ad Efstathou 2016).

3.4 Philosophical accounts of modeling practices  
in interdisciplinary research

These kds of examples from terdscplary research practces are aalyzed by phloso‑
phers of scece to ucover epstemologcal, methodologcal, ad ethcal aspects of ter‑
dscplary scetc research (cf. Mäk 2016). The practce examples show that the same 
cocepts are used to characterze the ature of a target‑system across a wde rage of 
scetc dscples, such as: “complex systems,” “dyamcal systems,” “sub‑systems,” 
“physcally (or otherwse causally) related processes,” “feedbacks,” “processes at der‑
et tme‑ ad legth‑scales,” ad “varables.” The same apples to the cocepts used by 
researchers  deret research areas to descrbe modelg strateges, such as “tegra‑
to,” “modularty,” “model couplg,” “coupled‑compoet models,” “mult‑scale mod‑
elg,” “herarchcal modelg,” “hybrd modelg,” “etworks,” “systems dyamcs,” 
ad “ terfaces betwee models.” I the scetc lterature, these cocepts are used to 
expla terdscplary research strateges ad methodologes.

Phlosophcal aalyses of exstg scetc research practces show that scetc re‑
searchers  a wde rage of scetc dscples geerally follow the same strategy whe 
developg conceptual models (cf. Boo 2020a; also see MacLeod ad Nersessa 2013; 
Nersessa 2022). The smlarty of research strateges eables tegrato betwee dsc‑
ples (Boo 2020b). A example s the way researchers develop a tegrated model of a 
more complex system, by represetg the system as (causal) teractos betwee relevat 
(ofte dyamc) processes or subsystems (typcally represeted  space‑tme dagrams, cf. 
Boo 2008). Usually, each of those subsystems s the subject of a separate scetc ds‑
cple. I ths strategy, the relevat (dscple‑specc) measurable ad calculable vari‑
ables and parameters are determed for each subsystem. Based o ths, a mathematical 
sub‑model ca be costructed for each subsystem. Itegrato the takes place by co‑
structg a mathematcal model that coects the mathematcal sub‑models va the tme‑ 
ad space‑depedet varables (also called state varables), amely as put ad output 
varables betwee the sub‑models. Fally, these mathematcal models form the bass for 
the costructo of computer simulation models.
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These examples also show that models across a wde rage of complex systems are 
 usually amed at a specc epstemc purpose, e.g., the closer study of the system  terms 
of ts dyamc behavor, the eects of tervetos, ad the determato of ukow 
parameter values (e.g., through computer smulatos), or as a ad  polcy decsos 
usg the model  scearo studes or forecastg (e.g. Kelly et al. 2013; N et al. 2020). 
Altogether, ths mples that models created  the specc research cotexts ca be ter‑
preted as epistemic artifacts ad tools bult for use by researchers ad other stakeholders  
uderstadg, hadlg, or terveg wth complex systems (cf. Kuuttla 2005; see also 
Parker 2020; Nersessa 2022).

It s worth metog separately that some modelg strateges also am at corporat‑
g socal, ecoomc, ad sustaablty values (cf. Ellott ad McKaugha 2014; Parker 
2020) ad mappg the vulerablty of the dyamc system  relato to them, whch s 
bult to the model, for example, va threshold values (e.g., Strasser et al. 2014). These 
practce examples, therefore, llustrate how models ca smultaeously play a role  ex‑
plorg the ethcal mplcatos of (postpog) tervetos  or (lack of) decsos about 
a complex system.

I ethographc studes, phlosophers stay close to rst amg at a rch ad detaled 
descrpto of these practces ad makg explct salet features. Ethographc methods 
have thus bee used (cf. Nersessa ad MacLeod 2022; Nersessa ad Patto 2009; 
 MacLeod 2016; Nersessa 2009; 2022; MacLeod ad Nersessa 2013; 2015; 2016; 
2018; MacLeod ad Nagatsu 2016) to make modeling strategies  cocrete terdscpl‑
ary research practces explct ad to aalyze crtcally ther epstemologcal approach, ‑
vetos, ad qualty (e.g., Mattla 2005; Parker 2006; 2011; Nersessa ad Patto 2009; 
Grüe‑Yao 2016; MacLeod 2018; MacLeod ad Nagatsu 2016; 2018; Nagatsu et al. 
2020; Ikpe ad DesRoches 2020; Nersessa 2022). Some examples are:

Gree’s (2013) aalyss of modelg practces by a case study o etwork modelg  
systems bology, shows that egeerg approaches are appled to the study of bologcal 
systems. Based o ths case study, she argues that the use of engineering principles aords 
a coceptualzato of bologcal fuctos  laguage from cotrol‑ ad graph theory, 
whch ca ope a new epistemic space for understanding biological function.

MacLeod ad Nagatsu’s (2016) ethographc study of the collaborato of ecoomsts 
ad ecologsts  the resource ecoomy ams to aalyze the role of model‑building frame‑
works and strategies that ca play a role  overcomg the heret dcultes of terds‑
cplary research. They dstll varous features of how models are put together ad show 
how a coupled‑model framework s used to coordate ad combe backgroud models 
from ecology ad ecoomcs.

Nersessa’s (2022) book‑log study aalyses research o the epstemc practces of 
terdscplary research  laboratores of bomedcal egeerg (BME) ad te‑
gratve systems bology (ISB). She argues that terdscplary modelg  BME uses 
engineering design methods and principles to understand basic biological phenomena  
order to cotrol dsease processes or create tervetos for specc medcal dsorders. 
ISB ams at a integrative analysis of the behavor of complex (nonlinear) biological 
systems at all levels, from tracellular teractos to ecosystem processes, to vest‑
gate how higher‑level functionality emerges from myrad teractos at lower levels. 
To ths ed, ISB modelg practces integrate computato, appled mathematcs, eg‑
eerg cocepts ad methods, ad bologcal expermetato (see also MacLeod ad 
Nersessa 2016).
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I addto to ethographc studes that provde rch ad detaled descrptos of 
 terdscplary modelg practces, phlosophers also am at targetg epstemologcal 
ad ethcal aspects. Some examples are: Ellott ad McKaugha (2014) o the role of non‑ 
epistemic values, Aderse ad Wagekecht (2013) o the role of epistemic dependence 
and trust  terdscplary research, Aderse (2016) o the teso betwee terdsc‑
plarty ad quality control, ad MacLeod ad Nagatsu (2018) who propose categorizing 
four deret tegratve modelg strateges. Gree (2013) argues that the use of multiple 
representational means s a essetal part of the dyamc of kowledge geerato because 
the dversty of costrats of deret terlockg epstemc meas creates a potential for 
knowledge production. Parker (2006) shows how incompatible climate models are used 
together  multi‑model ensembles ad explas why ths practce s reasonable, gve sc‑
etsts’ ablty to detfy a “best” model for predctg the future clmate. Fally, Frsch 
(2013) argues that tegrated assessmet models used  clmate polces volve hghly co‑
jectural (o‑evdeced), smpled (ujusted), ad trscally ormatve assumptions.

4. Philosophy for interdisciplinary modeling practices

The kowledge of epstemologcal ad methodologcal challeges of terdscplary re‑
search ad the role of modelg there s far from complete. The preseted overvew hgh‑
lghts a umber of aspects. Frst, represetatoal accouts of models are problematzed 
because the costructo of models s eabled by the specctes of the scetc dsc‑
ples (.e., the dscplary perspectve) so that dscple‑specc theoretcal, coceptual, 
strumetal, ad strategc features determe the model cotet. Ths explas why cru‑
cal characterstcs of terdscplary research, amely transfer ad integration (e.g., of 
epstemc resources ad methodologes), ecouter epstemologcal, methodologcal, ad 
coceptual barrers. It also meas that models fucto as tegrators (hubs) of heterogee‑
ous aspects ad,  terdscplary research, of sub‑models. Aother aspect arses from 
the advocacy of terdscplary research focused o epstemc utlty, whch mples that 
models are see as epstemc tools that must meet epstemc ad pragmatc crtera relevat 
to the teded epstemc purpose, ad  the case of scece‑based polcy also ethcal cr‑
tera, e.g., model‑based reasog or computer smulatos for the aalyss, predcto, or 
scearo‑study of complex target‑systems. Researchers do cope wth the metoed eps‑
temologcal, methodologcal, ad cogtve ssues ad barrers, as llustrated by the afore‑
metoed real‑world examples of terdscplary modelg practces.

The philosophy of scientic modeling that targets terdscplary research practces, 
scece‑based polcy, ad hgher educato, should therefore study epstemologes ad 
methodologes of modelg strateges amed at uderstadg complex systems, clud‑
g the crtcal roles of huma cogto ad resposblty there (cf. Boo et al. 2022; 
Nersessa 2022, 283).
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Notes

 1 The cogtve scetst, Barbara Tversky (2017) oers a cocse explaato of metal models,  
whch models as represetatos are terpreted from cogtve sceces perspectve: “represeta‑
tos are teralzed perceptos. However, represetatos caot be copes, they are hghly 
processed. They are terpretatos of the cotet that s the focus of thought. They may select 
some formato from the world ad gore other formato, they may rework the formato 
selected, ad they may add formato, drawg o formato already stored  the bra. I 
ths sese, represetatos are models” (Tversky 2017, VI–VII).

 2 Suárez (2004) proposes a feretal cocepto of represetato, whch etals the dea that 
“[the teral structure of the represetato, e.g., a model] A allows competet ad formed 
agets to [correctly] draw specc fereces regardg [the target] B” (Suárez 2004, 773).

 3 For a more comprehesve revew of aspects addressed  detos of terdscplary scece, 
see Trpp ad Shortldge (2019).

 4 E.g., Speech by ERC Presdet Prof. Jea‑Perre Bourgugo (2019).
 5 Gleed ad Marchat (2016) Interdisciplinarity Survey Report for the Global Research  Council 

2016 Annual Meeting. Also see: Global Research Coucl (.d.) Statement of Principles on 
Interdisciplinarity.

 6 For example: Natoal Academy of Sceces et al. (2005). Natoal Academy of Egeerg (2005).
 Natoal Scece Foudato (2008). Natoal Academes of Sceces et al. (2018, Chapter 3). 
Wtchel (2022) ad Psychologcal Socety (2021). Cracu et al. (2023). Moser et al. (2022).

7 Amerca Assocato for the Advacemet of Scece AAAS. (2009). Vision and change in Under‑
graduate Biology Education: A Call to Action, Final Report. Washgto, DC. Retreved Jauary 
3, 2023. Ths report s o loger avalable ole; see Wood et al. (2010).

 8 Chroc dsease maagemet requres a tegrated care approach to maagg lless that ‑
cludes screegs, check‑ups, motorg, ad coordatg treatmet, ad patet educato (cf. 
Bardha et al. 2020). Polcy ad maagemet of rsk (e.g., by govermets, surace compaes, 
ad dustres) requres terdscplary research that combes techcal rsk aalyss (focusg 
o the cotrollablty, safety, ad relablty of techcal systems ad processes, ad aalyss of 
how falure ca occur) or epdemologcal ad toxcologcal rsk aalyss (focusg o probablty 
ad serousess of lless due to toxc compouds or medces) wth studes to publc percep‑
to of rsk (e.g., coceptualzg ad studyg socal processes uecg rsk percepto) ad 
rsk commucato (Z ad Taylor‑Gooby 2006).

 9 These kds of (heterogeeous) elemets —that are exchaged betwee dscples— are bult‑to 
models, as  models‑as‑tegrators ad models‑as‑epstemc‑tools. More elaborate accouts of 
kowledge trasfer betwee dscples ca be foud  a specal ssue o ths topc edted by 
 Herfeld ad Lscadra (2019).

 10 Va Baale (2019) provdes a example of terdscplary bomedcal research to develop a dag‑
ostc techology. She coducted a ethographc study to aalyse reasog ad decso‑makg 
processes wth a multdscplary research team —cosstg of a clca, a radologst (spe‑
calzed  thorax magg), a radographer ad a MRI egeer— who collaboratvely developed 
a ew clcal MRI magg techque for the o‑vasve dagoss of respratory dseases.

 11 Recogzg deret epstemc goals s also crucal to terdscplary research wth academa 
(c.f. Gree 2013). See also Parker (2020). Love ad Brgad (2017) push for a shft  focus from 
metaphysics to epistemology. Phlosophers should approach coceptual problems  scece (such 
as the problem of bologcal dvdualty) by payg atteto to the varety of epistemic goals 
uderlyg successful scetc practce.

 12 Notable, pragmatc ad epstemc crtera relevat to the research project at had, should also gude 
the assessmet of the qualty of terdscplary work  educatoal settgs (cf. Maslla 2005).
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