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Abstract

Argumentation constitutes an important element in nature

of science education. However, its virtues and scope can

be overstated. Here, we survey in detail the place of argu-

mentation in science education. Ou r benchmark is the range

of epistemic processes relevant to citizens and consumers as

they assess the reliability of scientific claims in personal

and public decision making. We consider multiple epistemic

stages in the development (or ontogeny) of such claims:

(a) observation and material investigation; (b) the crafting of

concepts throu gh individual c ognition; (c) the checks and

balances of the scientific community; (d) the challenges of

credibility and expertise in a cultural context; and (e) the

interpretation of “ science in the wild,” where authentic sci-

entific claims mingle with imitators and misinformation on

the Internet and social media and in public discourse. We

conclude that many conventiona l rationalist assumptions

haunt current approaches to argumentation and limit its

effectiveness, especially in the implicit goal of achieving in-

tellectual independenc e for students as autonomou s scien-

tific agents. A more fruitful approach, from the perspective

of functional scientific literacy, is a Whole Science perspec-

tive, which gives full expression to the spectrum of epistemic

processes in science and science commu nication.
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1 | INTRODUCTION: WHENCE ARGUMENTATION?

Historically, recognizing the role of argumentation in science was an important step for nature of science (NOS) and

science literacy education (Peterson & Jungck, 1988). It supported an emerging shift from teaching readymade science to

sciencein themaking (Latour, 1987 1995; see also Flower , ). Decades ago, science education embodied a narrow positivist

conception of science, largely defined by static conceptions of theory, evidence, strict logical reasoning, and a simplified

view of testing and crucial experiments. In the 196 0s, 1970s, an d 1980s, studies in the history, philosophy, and sociology of

science revealed a more complex (and more human) image of scientific practice. Science was animated with conceptual

change, debates and controversies, competition f or credit, the influences of ideology and culture, and the roles of language,

rhetoric and persuasion. The theme of argumentation helped open the “black box” of scientific facts and reveal the

“ ”constructed nature of knowledge (Driver, Newton, & Osborne, 2000 2008, p. 309; Hodson, ). It also helped underscore

the importance of social discourse among scientists and the role of mut ual critique and j ustification (among students also).

In the classroom, it fostered more emphasis on studentcentered discussion and more opportunities for developing writing

and communicat ing skills elements that also echoed the growing commitm— ents to constructivist ped agogy. A focus on

argumentation helped transform science education.

Th e imp o rt an ce o f arg u men t in s cien ce is n o w w id ely ackn o w led g ed amo n g ed u cat o rs (e.g ., A d ú riz Brav o &

C h io n , 2 0 1 7 2 0 0 8 2 0 1 0; E rd u ran & Jimén ez A leixan d re, ; Os b o rn e, ). Fo r examp le, t h e mo d el cu rricu lu m in t h e

Un it ed St at es , t h e Next Gen erat io n Scien ce St an d ard s (NGSS L ead St at es , 2 0 1 3 ), id en t ifies arg u men t at io n as o n e o f

it s 8 s cien t ific p ract ices (w it h co mmu n icat io n as y et an o t h er). Similarly , PI SA s t an d ard s in clu d e co mp et en cies in“ ”

ep is t emic kn o w led g e, in s cien t ific exp lan at io n s an d in q u iry , an d in t h e ab ilit y t o in t erp ret d at a an d ev id en ce“

s cien t ifically . Namely , s t u d en t s s h o u ld learn t o an aly s e an d ev alu at e d at a, claims an d arg u men t s in a v ariet y o f” “

rep res en t at io n s an d d raw ap p ro p riat e s cien t ific co n clu s io n s (OE C D,” 2 0 1 7 , p p . 1 5 , 2 1 2 4 ). W e als o n o t e t h at–

ap p ro ach es t o arg u men t at io n in s cien ce ed u cat io n emp h as ize an aly t ical s kills an d reflect iv e t h in kin g , an d t h u s

res o n at e s t ro n g ly w it h t h e t rad it io n o f t each in g crit ical t h in kin g (e.g ., Han d , Sh elley , L au g erman , Fo s t v ed t , &

Th errien , 2 0 1 8 1 9 8 8). (Th is t rad it io n ext en d s b ro ad ly fro m Jo h n Dew ey 's p rag mat is m t o C o p i an d C o h en 's [ ]

in fo rmal lo g ic t o t h e co mp reh en s iv e t reat men t o f W alt o n [2 0 0 6 ].) Mo reo v er, en g ag in g in p u b lic d is co u rs e o n

s o cio s cien t ific is s u es (SSI s ) relies in p art o n med ia lit eracy o f g ro w in g imp o rt an ce an d w h ich s imilarly t en d s t o— —

fo cu s o n t h e an aly s is o f arg u men t s , t h eir s o u rces an d t h eir ju s t ificat io n (e.g ., A merican Pres s I n s t it u t e, 2 0 1 9 ; C en t er

fo r Med ia L it eracy , 2 0 1 8 2 0 0 7 2 0 1 2; Jarman & McC lu n e, ; New s L it eracy Pro ject , ). A rg u men t at io n h as fo u n d a

s ecu re p lace in co n t emp o rary s cien ce ed u cat io n an d allied field s .

At the s ame time, the role of argument can easil y be overstated. In the vi ew of some advocates, argumenta tion is

“ ” “ ”a core activity of science, hence central to science education (Driver, et al. 2000, pp. 287, 290, 296, 297, 301, 309;

Erduran & JiménezAleixandre, 2008, p. 4). It is variously characterized as “essential,” the the“core,” “essence,” or a

“ ”hal lmar k of science (Osborne, 2010). Accordingly , proponents afford argumentation a “preeminent role” in science

education (AdúrizBravo, 2014, p. 1445). It is “paramount in scaffo lding and config… uring science learni ng,” and declared

“a p riv ileg ed s t rategy t o t each s cience” (AdúrizBravo & Chion, 2017, pp. 157, 161). Indeed, arguments have been

described as “the very vertex of the ‘scientific pyrami d’,” “and hence as the most inclusive a nd elaborate sci entific

processes” (AdúrizBravo & Chi on, 2017, p. 162). Som e go so f ar as to cha racterize science a s nothing mo re than

argument itself. Thus, student views of the nature o f science are to be regarded as fundamental ly “discursive

achievements” (Deng, Chen, Tsai , & Tsai, 2011, pp. 967, 977, 979). Educators shoul d ensure that “students are not

separating the concept of a rgument from how knowledge is constructed in science” (Hand, et al., 2018, p. 697 ). Scien ce

is argume nt (Kuhn , 1993 2010, ). For many advocates, therefore, students need only engage with argumentation to l earn

about the workings of science and/or its epistemic practices (e.g., AdúrizBravo, 2014; AdúrizBravo & Chi on, 2017;

Deng et al ., 2011 2000 2015; Driv er, et al. ; Henderson, MacPherson, Osborne, & Wild, ; Osborne, Erduran, & Simon,
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teaching the nat ure of science (NOS). T hat i s, mastery of argume ntation al one cannot fully equip citizens and consumers

with the essentials they need to assess the relia bility o f scientifi c clai ms in persona l and public decision making.

Accordingly, echoing and extending earlier analyses by Bricker and Bell ( 2008) and Manz (2015), we wish t o clarify the

place o f argument ation in NOS edu cation, as cont extualized in the current institutional standards of functional sci entific

literacy.

W e in t en d o u r an aly s is t o b e g en eral an d t h emat ic, p erh ap s ev en imp res s io n is t ic. Namely , w e w is h t o av o id

rely in g u n d u ly o n an y s t rict co n cep t u alizat io n s o f t h e co re co n cep t s , n at u re o f s cien ce an d arg u men t at io n . (W e“ ” “ ”

fin d limit ed u s e in claims t h at h in g e p recario u s ly o n p recis e o r n arro w d efin it io n s .) C au t io n is w arran t ed es p ecially

w h ere (as in t h es e t w o cas es ) d ifferen t s ch o lars ad o p t d iv ers e p o s it io n s an d t h e co n cep t s are s t ill act iv ely d eb at ed .

St ill, h o w s h o u ld o n e ch aract erize t h es e t w o cen t ral co n cep t s , t o p ro v id e s o me g ro u n d in g an d o rien t at io n ?

Consider, first, the NOS. NOS education has a venerable heritage. An earl y expression was embedded in Conant's

(1947) advocacy for s cience educati on after World War II, wi th it s call for un derstanding “th e tactics and strategy of

science” as a part of civic literacy (see also Conant & Nash, 1957). The turn of the century was marked by a relative

convergence of views, as embodied in the shared elements (or intersection) of major international curricular documents

(McComas & Ols on, 1998), a nd which was so on echoed by a mu ltidisciplinary expert panel (Osborne, Coll ins, Ratclif fe,

Millar, & Duschl, 2003 2007). That led to a widely adopted “consensus view” (e.g., Lederman, ), which has since dissolv ed

into a broadbased dissensus (Canadia n Journal of Science, Mathematics a nd Technology Education, Vol. 17 [2017], No. 1).

Emerging approaches now tend to emphasize instead a pragmatic a nd more inclusive eclecticism (e.g., Allchin, 2013a;

Erduran & Dagher, 2014). Nevertheless, our benchmarks here for concept ualizing NOS ar e the major policy documents

that currently provide the explicit institutional rati onale for NOS learning (e.g., NGSS Lead States, 2013; OECD, 2017;

Rutherford & Ahlgren, 1991). T hey underscore the need to understand “scientific practices” or “how science works,”

contextualizing NOS as a factor in empowering public discourse surrounding science. T hat is, they reflect the aim of

functional scientific literacy (well articulated by Hodson, 2008; Kolst ø, 2001; Ry der, 2001: a nd Toumey, et al., 2010). In

other words, NOS may be characterized by its educati onal out come:

Students should develop a broad und erstanding of how scien ce works to interpret the relia bility of scientific

claims in personal and public decision making (Allchin, 2013a, pp. 4, 154).

Th is ap p ro ach t o NOS co n v en ien t ly b rin g s t o g et h er t w o p ers p ect iv es : it id en t ifies t h e relev an t b o u n d ary o f NOS

an d als o co n t ext u alizes NOS co n t en t in t h e in s t it u t io n al aims o f s cien ce ed u cat io n . W e t h in k t h is v iew is s h ared b y

mo s t p ro p o n en t s o f arg u men t at io n , t o o . I n s u mmary , t h e co n cep t u alizat io n o f NOS t h at g u id es o u r an aly s is is

s q u arely fo cu s ed o n t h e o f s cien ce, as t h ey are relev an t t o cit izen s an d co n s u mers .ep i s tem i c s

Ho w , t h en , s h o u ld o n e ch aract erize arg u men t at io n ? Th is t as k, t o o , p ro v es p o t en t ially frau g h t w it h co n t en t io n .“ ”

Sch o lars o f arg u men t at io n d iffer w id ely o n t h eo ret ical ap p ro ach es an d d efin it io n s (s ee, e.g ., Bricker & Bell, 2 0 0 8 ;

v an E emeren , et al., 2 0 1 4 2 0 1 7 2 0 1 9; Ts ero n is & Fo rcev ille ; W ag eman s , ). No r d o es t h ere s eem t o b e a s in g le

co n cep t o f arg u men t at io n w it h in s cien ce ed u cat io n (Bo g ar, 2 0 1 9 , p p . 2 5 ). A t t h e s ame t ime, o n e d o es fin d–

s u rp ris in g s imilarit y in clas s ro o m ap p ro ach es (s ee es p ecially Driv er, et al., 2 0 0 0 ; Jimén ez A leixan d re & E rd u ran ,

2 0 0 7 ). Fo r t h e an aly t ical p u rp o s es h ere, w e w ill co n s t ru e arg u men t at io n as t h e exp licit mars h alin g o f ev id en ce an d

exercis in g o f s o u n d reas o n in g t o ju s t ify a p art icu lar claim (o r s et o f claims ). Th at is , t h e ch ief ed u cat io n al o b ject iv e is

t o en g ag e s t u d en t s in min d fu l, p u b lic, an d d efen s ib le reas o n in g . I n a s o cial co n t ext , arg u men t at io n in s cien ce is als o

t h e d is co u rs e fo r res o lv in g co n flict in g v iew s , b y referen ce t o emp irical ev id en ce. (W e co n t ras t t h is mean in g t o a

mo re g en eral an d w id es p read u s e o f t h e t erm arg u men t o r arg u men t at io n t o d en o t e an y s o cial an d d ialo g ic“ ” “ ”

p ro ces s t h at s u p p o rt s co n s t ru ct iv is t p ed ag o g y o r mu t u al u n d ers t an d in g . 1) St u d en t s are t y p ically in t ro d u ced t o , an d
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en co u rag ed t o t h in k in t erms o f, p res crib ed arg u men t s t ru ct u res , s u ch as To u lmin ( ) (s ee, fo r examp le,1 9 5 8

Os b o rn e, et al., 2 0 0 4 2 0 0 8 2 0 1 0o r Samp s o n an d C lark, ) o r a mo d ified h y p o t h et ico d ed u ct iv e mo d el (e.g ., L aw s o n , ).

Th es e s t ru ct u res (as n o rmat iv e mo d els ) are in t en d ed t o g u id e s t u d en t s w h en t h ey d is cu s s h o w t o in t erp ret

exp erimen t al res u lt s , s ay , o r w h en t h ey g rad u ally as s emb le an d t ry o u t p ro s p ect iv e arg u men t s t o s u p p o rt t h eir o w n

exp lan at o ry mo d els . Th e arg u men t s t ru ct u res (o r t emp lat es ) are g en erally als o in t en d ed t o h elp in a s o cio cu lt u ral

co n t ext , fo r in t erp ret in g an d an aly zin g o t h er p ers o n s ' arg u men t s (s u ch as o n e mig h t fin d in t h e Med ia o r in p u b lic

d is co u rs e). I n u s in g t h es e v ario u s s ch emat a in res earch , ed u cat o rs fu rt h er in d icat e t h eir co n cep t o f arg u men t at io n

at t h e o p erat io n al lev el. Ult imat ely , ed u cat o rs t en d t o co n cep t u alize clas s ro o m arg u men t at io n as a p ro xy fo r

s cien t ific reas o n in g . Hen ce, o n e mig h t s ay t h at t h e g u id in g n o rm is t o g rad u ally d ev elo p t h e s kills fo r co n s t ru ct in g a

“ ”fin al fo rm s cien t ific p ap er, as a fu lly mat u re p ro d u ct (Du s ch l & Os b o rn e, 2 0 0 2 ). Th e g u id ep o s t s (o ft en o n ly

imp licit ) als o emb o d y t h e co n n ect io n (n o t ed ab o v e) b et w een t h e arg u men t at io n p ro g ramme an d es t ab lis h ed

t rad it io n s t h at p ro mo t e s cien t ific reas o n in g , crit ical t h in kin g , an d n ew s med ia lit eracy . A ll s eek t h e imp licit g o al o f

h elp in g s t u d en t s ach iev e in t ellect u al in d ep en d en ce. W h ile t h is co n cep t u alizat io n o f arg u men t at io n may n o t ap p ly

eq u ally t o all in s t an ces in s cien ce ed u cat io n , w e feel t h at it d o es cap t u re t h e o v erall s p irit o f t h e en t erp ris e an d is

reflect ed in t h e t y p ical act iv it ies d es crib ed u n d er t h at rh et o ric.

Sev eral p ro min en t feat u res o f t h is co n cep t u alizat io n may b e n o t ed h ere. I t is d eep ly ro o t ed in as s u mp t io n s t h at

s cien t ific arg u men t s are: (a) rat io n al, (b ) emp irically b as ed , (c) w ell s t ru ct u red (u s u ally w it h d ed u ct iv e lo g ic as t h e

id eal), (d ) mo s t ly co n t ext in d ep en d en t (u n amb ig u o u s an d u n iv ers al), (e) s t ab le (o n ce v alid at ed ), an d (f) h o n es t .

C o n fid en ce in t h es e feat u res s eems clo s ely relat ed t o t h e g o al o f in t ellect u al in d ep en d en ce. A s w e w ill o b s erv e

b elo w , h o w ev er, t h es e as s u mp t io n s falt er at t imes in act u al s cien t ific p ract ice, an d fail in w ay s t h at s ig n ifican t ly

affect h o w cit izen s an d co n s u mers s h o u ld in t erp ret s cien t ific claims . No t in g s u ch excep t io n s t o t h e t y p ical ap -

p ro ach es t o arg u men t at io n in s cien ce ed u cat io n is o n e o f t h e ch ief p u rp o s es o f t h is p ap er.

Ult imat ely , w e co n t en d t h at arg u men t at io n (as en v is io n ed ab o v e) an d ep is t emic p ro ces s es in s cien ce (co n -

s t it u t in g NOS) are n o t alw ay s alig n ed . Th ere are s ig n ifican t g ap s an d d ev iat io n s . I n o u r v iew , t h e p lace o f arg u -

men t at io n in NOS ed u cat io n n eed s t o b e s t ro n g ly circu ms crib ed an d d elin eat ed . A cco rd in g ly , w e p lace

arg u men t at io n o f s cien t ific lit eracy (e.g ., as p ro filed in NGSS's s cien t ificas jus t one am ong m any r elev ant NOS f ac ets

p ract ices o r in W h o le Scien ce; s ee A llch in , 2 0 1 1 , 2 0 1 3 a 2 0 1 7, ; NGSS L ead St at es , 2 0 1 2 ).

W e p res en t o u r an aly s is in t h e co n t ext o f a co mp reh en s iv e v iew o f ep is t emic p ro ces s es in s cien ce (ag ain , w h at

w e t ake t o b e t h e relev an t s co p e o f NOS in t h e co n t ext o f s t an d ard v ers io n s o f fu n ct io n al s cien t ific lit eracy ). W e

t race t h e s eq u en t ial d ev elo p men t an d t ran s fo rmat io n (o r o n t o g en y  ) o f s cien t ific claims fro m t h eir o rig in al o b -“ ”

s erv at io n al s o u rces in s cien t ific lab s an d field s it es t o t h e claims en co u n t ered b y cit izen co n s u mers : n amely , fro m “

t es t t u b es t o Yo u Tu b e,” “fro m lab b en ch t o ju d icial b en ch ,” “ fro m field s it e t o w eb s it e,” “fro m lab b o o k t o Faceb o o k”

(s ee Fig u re 1 1 9 8 7). Th is is s imilar t o fo llo w in g a p at h w ay alo n g a L at o u rian n et w o rk (L at o u r ; s ee als o K elly &

Takao , 2 0 0 2 2 0 1 3 a 2 0 1 7), o r t h e s y n o p t ic ap p ro ach o f W h o le Scien ce (A llch in 2 0 1 1 , , ).

W e d es crib e each s u cces s iv e s t ag e in t h e p ro ces s an d ad d res s t h e ro le o f arg u men t at io n in each o n e. Firs t , w e

co n s id er t h e mat erial (emp irical) d imen s io n o f s cien ce (Sect io n 2 ). Next , w e lo o k at h o w co n cep t s are fo rmed , an d in

p art icu lar h o w t h ey are s h ap ed b y co g n it iv e t h in kin g p at t ern s (w it h t h eir d ep art u re fro m n o rmat iv e id eals ) an d t h e

“ ”b ias es an d erro rs t h at in ev it ab ly emerg e (Sect io n 3 ). Fo llo w in g , w e co n s id er s o cial d imen s io n s in t ern al t o t h e

s cien t ific co mmu n it y (amo n g exp ert s ; Sect io n 4 ). W e t h en fo llo w t h e d ev elo p men t o f s cien t ific claims as t h ey mo v e

o u t s id e s cien ce, fro m exp ert s t o n o n exp ert s : h o w are ep is t emic p ro ces s es an d arg u men t at io n relev an t t h ere?“ ” 

(Sect io n 5 ). Th e W h o le Scien ce ap p ro ach allo w s u s t o fo llo w s cien t ific claims ev en fu rt h er, t h ro u g h t h e med ia,

w h ere t h ey are t ran s fo rmed , an d in a co n t ext w h ere t h ey co mp et e w it h claims fro m n o n s cien t is t s . E p is t emic

as s es s men t s an d arg u men t at io n (b o t h rat io n al an d o t h er) co n t in u e t o b e relev an t (Sect io n 6 ). W e t h en co n clu d e

w it h a rev iew o f t h e man y v irt u es an d limit s o f fo cu s in g o n arg u men t at io n in s cien ce ed u cat io n , allo w in g u s t o
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2 | THE EPISTEMICS OF OBSERVATION AND MATERIAL

INVESTIGATION

Let us begin with what we hope is uncontroversial: namely, that science is empirical (e.g., McIntrye, 2019; Zimrin g, 2019).

The construction of scientific claims is rooted in observations and measurements. In the lab, in the field, in the clinic, in

the observatory. A nd in the mining of vast reservoirs of digitized data. Epistemic pr ocesses and questions be gin even

at this initial interface between investigator and physical phenomena. That is, what makes these basic raw data and

their interpreted meanings—the observational “facts”—trustworthy, or reliable? Epistemic challenges include accuracy,

precision, clear specification of conditions (relevant controls), appropriate methods, theory of the instrument, calibration,

standardization, replication and sample size (and statistical uncertainty), experimental skill, the craft of stabilizing

phenomena, detecting technical artifacts, placebos, blind and double blind studies, c oncurrence among alternative

methods, choice of model organism, curation of large dat a bases, and more. In a sense, there is no such thing as a “simple”

fact. Indeed, these concerns have developed i nto a whole subfield in philosophy of science: the New Experimentalism

(Franklin, 1986 1 991 1987 1983 1994, ; Galison, ; Hacking, ; Kohler, ; Pickerin g , ; Rheinberger,1995 1997, 2010). As Ian

Hacking once mused, “experimentation h as a life of its own” ( 1983, p. 150).

I ro n ically , p erh ap s , mu ch o f t h is o ccu rs w it h o u t arg u men t . R eas o n in g , y es (o f co u rs e?). A n d in v es t ig at o rs may“ ”

d iffer in p ers p ect iv e, lead in g t h em t o n eg o t iat e claims , as w ell. Bu t o n ly rarely d o t h es e ris e t o t h e lev el o f exp licit

an d fo rmally co n s t ru ct ed arg u men t s (o f t h e t y p es ed u cat o rs p ro mo t e). Here, w e s u rv ey b riefly s o me o f t h e“ ”

F IGURE 1 Th e d ev elo p men t o f a s cien t ific

claim, exh ib it in g a s eries o f ep is t emic s t ag es ,

each w it h it s o w n s t rat eg ies an d met h o d s . W h en

read fro m t o p t o b o t t o m, t h is co n s t it u t es t h e

“ ”o n t o g en y o f a fact , fro m emp irical s o u rces t o

s o cially relev an t b eliefs ( fro m t es t t u b es t o“

Yo u Tu b e ). W h en read fro m b o t t o m t o t o p , it”

in d icat es t h e p ro v en an ce o f a p u rp o rt ed claim,

crit ical t o a t h o ro u g h ep is t emic an aly s is an d

as s es s men t o f it s reliab ilit y
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On e fundamental problem is the bridge between the physical world and the conceptual world, expressed through

language. Observations and measurement onceptually, they must be recorded in as are, by themselves, idle. To be useful c

form that can be managed cognitively. Measurements are entered as numeric symbols. Physical phenomena are converted

into “text.” Laboratory devices yield “inscriptions.” They are all transformed into linguistic entities (Latour & Woolgar,

1979, pp. 51, 63– –69, 88 , 245 246; Latour, 1987, pp. 63– “ ”79). These are the raw data. Unfortunately, perhaps, the data

are not the phenomena (Bogen & Woodward, 1988). A persistent epistemic problem, therefore, has been: what links the

(linguistic) map unambiguously to the (empirical) territory? The conundrum also once plagued the logical positivists, who

wanted to transform observations into unambiguous logical expressions that ideally could be subjected to pure formal

analysis. They struggled with protocol statements and the notion of operational definitions, but never reached an effective

resolution. Philosopher Gaston Bachelard (1953) developed the notion of “phenomenotechnique” to characterize the

hybrid nature of such “representations,” imbued with assumptions and procedures (see also Latour & Woolgar, 1979,

pp. 63– 69). They are not just unproblematic observation statements. Similarly, sociologist Andy P ickering (1995) refers to

the “mangle of practice”—the intimate relationship and interaction between the experimenter and the physical world.

Despite commonly found appeals, the data do not “speak for themselve s.”

Further, many dimensions of work in the lab do not reduce to conceptual thinking or arguments. They are based

instead on performance and skill (Collins & Evans, 2002; Crease, 1993; Pinch, Collins, & Carbone, 1996). For example,

physicists examining a new phenomenon may s imply aim to stabilize it and “tease it into relief” by manipulating experi-

mental conditions, guided only by their intuition (Galison, 1987). In other forms of exploratory science, there is no

hypothesis being tested (as prescribed in the canonical classroom scientific method“ ”). R ather, investigators may blindly

vary parameters hoping to find informative differences; they may pursue oddities or “errors” for clues to unknown causes;

or they may simply try to refine their technique to be more efficient or to yield clearer, more definitive results (Elliot,

2007). For example, Joseph Priestley made many of his important discoveries about gases and the restoration of air by

plants through endless “ti nke ring” in his lab (Johnson, 2008). Or consider the claim that a neutrino traveled faster than the

speed of light: headline news in 2011. Who w ould have identified cable connections in the equipment as part of

the “argument”? But when the anomaly was diagnosed, that's w hat it was: a loose cable that transmitted an erroneous

time signal (Cart lidge, 2012). Similarly, the revolutionary discovery of polywater in the 1960s was undone by isolating a

single causal variable: dirty glassware (Franks, 1981). Hence, the p opularity of an aphorism by biochemist Efraim Racker,

“ ”Don't waste clean t hinking on dirty enzymes. Experimental skill and practice matter epistemically, although rarely

mentioned in argumen ts. Still, they can be taught. A fine example is provided by educators who help teachers acquire

reflective “know how” in interacting with laboratory apparatus through famous historical cases (Heering, Klassen, & Metz,

2013 2011; Heering & Wittje, ; Reiß, 1995).

A focus on argumentation also risks misportraying experimental practice and even experimental reasoning. What

scientists do in a lab and what they report in their published arguments frequently do not match (Medawar, 1964). The

argument is not a faithful narrative. Thus, the order of reasoning may be conspicuously inverted (KnorrCe tin a, 1981,

pp. 94– 135; Latour & Woolgar, 1979, pp . 177– 183). Events may be severely truncated, discarding false leads, blind alleys,

and errors. The re al process of discovery is easily disguised by t he reorganized justification. Thus, some science educators

have been misled into thinking that the rhet orical posture of hypotheticodeductive reasoning in the scientific paper

accurately describe s the nature of scientific discovery (Allchin, 2004a 2006 2013a, , ). From an educat ional NOS

perspective, the difference between argument and real unfolding lab work matters. Students need to first understand the

scientific p ractices. Only then can they appreciate how the reasoning is transformed into an argument quite different in

structure from the process that produced it. To understand (the explicit NOS goal), one cannot use“how science works”

argument as a substitute.

Educators who regard argumentation as “central” or “paramount also typically emphasize the conceptual dimension”

of science—its theories, models and explanations. 2 They tend to discount the material and technical dimensions, including
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the role of instruments. Notably, Nobel prizes have frequently been awarded for research technologies, not theories: green

fluorescent protein (2008), PCR (1993), MR I (2003), transistors (1956), lasers (1964), the scanning tunneling microscope

(1986) and cryoelectron microscope (2017); recombinant DNA (1980), and monoclonal antibodies (1984), to name a few.

Instruments may seem no more than transparent tools —“instrumental” in collecting the more critical evidence. However,

they involve e pistemics, too. How do we know our observations with them are valid? “Do we see through a microscope?”

Hacking once famously asked (19 83, pp. 186– “ ”209). What is the epistemology of a spectrometer ? (Rothbart &

Slayden, 1994). Consider, for example, a quite famous piece of equipment: Millikan's oildrop experiment for det ermining

the chargetomass ratio of the electron. Millikan did not publish every experimental trial. Was he dishonestly cherry

picking his results? Or, as argued by Allan Franklin, did he recognize that t he apparatus was not functioning according to

its design on those occasions, and justifiably exclude the “bad data” (Franklin, 1986, p p. 14 0– 162; Panusch &

Heering, 2011)? Observation can be a complex process. Note that no less than 39 8 people collaborated t o “obs erve” the

top quark in 1995. Even simple measurements can have hidden complexities. For example, to measure the percentage of

carbon dioxide in the atmosphere, Dave Keeling quantified the air's absorption of infrared radiation. That was as an

indirect indicator, so he ne eded first to calibrate the de vice against the more timeconsuming volumetric methods. Keeling

also had to establish an exacting protocol to ensure precision and consistency from one measurement to the next. That

included creating a set of reference samples to ensure uniformity of devices across multiple sampling locations, from

Mauna Loa to Antarctica to La Jolla, California. These experimental procedures matter to the claims linking carbon dioxide

to global warming. This is NOS relevant to scientific literacy. Fortunately, students can learn about the principles of

measurement—in this case, through a guided historical inquiry (Allchin, 2017, pp . 14– 18 ; Leaf, 2011 ). From an

argumentation perspective, however, they seem invisible. With an eye only to concepts and models, one may miss how the

material processes of instruments are integral to the trustworthiness of scientific claims.

Th at is , ev id en ce can n o t b e t aken fo r g ran t ed . I t , t o o , in v o lv es ep is t emic p ro ces s es . Th u s , an arg u men t t h at“ ”

ap p eals t o d at a (as in To u lmin 's mo d el) d o es n o t ad d res s t h e reas o n in g an d mat erial p ro ces s es t h at w en t in t o“ ”

p ro d u cin g t h at d at a an d s ecu rin g it s reliab ilit y . A s n o t ed b y Du n can , C h in n , an d Barzilai ( 2 0 1 7 ), t h e p ract ices u s ed

t o creat e an d ev alu at e fo rms o f ev id en ce b elo n g in ed u cat io n al g o als as mu ch as t h e arg u men t s t h at u s e t h em. Th e

ju s t ificat io n fo r s cien t ific claims exh ib it mu lt ip le lay ers o r lev els , b u ilt fro m ch ain s o f s u cces s iv e ep is t emic p ro ces s es

(K elly & Takao , 2 0 0 2 1 9 8 7; L at o u r, ). Fro m t es t t u b es t o Yo u Tu b e.

Argumentation does occur in the laboratory. But, as documented in numerous ethnographic studies, the in situ

“ ”argumentation of lab talk is often fleeting. And it rarely exhibits a formal structure (KnorrCetina, 1983 1999, ; Latour &

Woolgar, 1979; Lynch, ; Traweek,1985 198 8, pp. 126 –156). Such informal discourse rarely appeals solely to the data or

the evidence. Researchers may allude to the cost of adding another control, the time required to do another set of

replicates, the perceived competence of a lab technician, the stature of anticipated critics, and so on. Decisions are also

shaped by politics—who is the primary investigator, who is a veteran in the lab, who a trainee. These factors are not

irrelevant epistemically. They do not, however, conform to the typical rationalist models typically advocated by science

educators. The process is also full of false starts and dead ends. It does not follow the argument that later appears in

publications. Indeed, these quick “negotiations” make applying a f ormal argumentation framework to experimental work

problematic. Even a concerted effort will like ly fail to capture the important material dimensions. Namely, a focus on

argumentation tends to take evidence at face value and overlook how the evidence is produced, and whether it is

epistemically trustworthy. In our view, students need to understand this epistemic dimension as part of complete NOS

lessons. Namely, argumentation fails to map fully the e pistemics of observation and material investigation.

3 | THE EPISTEMICS OF INDIVIDUAL COGNITION:

CONCEPTS INTHEMAKING
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man y an d v aried . Fo r examp le, rep eat ed as s o ciat io n s may lead t o t en t at iv e g en eralizat io n s . C o rrelat io n s p ro v id e

clu es t o p o s s ib le cau s at io n . Differen ces allo w o n e t o is o lat e cau s al fact o rs . Similar cas es in v it e exp lo rat io n t h ro u g h

an alo g y (u s in g a p art ly filled o r s u g g es t iv e t emp lat e). Of co u rs e, res earch ers ap p ly t h e man y w ell kn o w n fo rms o f

reas o n in g : d ed u ct iv e, in d u ct iv e, ab d u ct iv e, p ro b ab ilis t ic, an d erro r s t at is t ical (at leas t ). Th ey may als o u s e mo re

s o p h is t icat ed co mb in at o rial s t rat eg ies : s u ch as t h e met h o d o f mu lt ip le w o rkin g h y p o t h es es (L au d an , 1 9 8 0 ); n at u ral

s elect io n t y p e s earch (C amp b ell, 1 9 6 0 1 9 9 3 1 9 9 3; K an t o ro v ich , ; Plo t kin , ); h y p o t h et ico d ed u ct iv e in feren ce o r

Mill's met h o d o f d ifferen ce (co n t ro lled s t u d ies ; s ee A llch in , 2 0 2 0 ). Th ro u g h t h es e, t h e min d d ev elo p s s imp le law s ,“ ”

t axo n o mies , s ch emat a, fo rmal exemp lars (o r p arad ig ms ), mo d els , families o f mo d els , cau s al mech an is ms , ex-

p lan at o ry s t ru ct u res , an d mo re co mp reh en s iv e t h eo ries all co n cep t s o f v ary in g s co p e an d lev els o f g en eralit y o r—

ab s t ract io n . E p is t emically , all t h es e co n s t ru ct io n s mu s t b e reg ard ed as p ro v is io n al, ev en t u ally t o b e cro s s ch ecked

ag ain s t fu rt h er exp erien ce an d t arg et ed o b s erv at io n s . So me may b e rev is ed . So met imes , mu lt ip le in t erp ret at io n s o f

t h e s ame d at a aris e an d p ro mp t fu rt h er an aly s is , co mp aris o n , an d d ifferen t iat io n o f t h e alt ern at iv es (if n o t s p arkin g

an o u t rig h t co n t ro v ers y !). E v en if co n clu s io n s fit w it h exis t in g ev id en ce, t h e co n cep t s o r t h eo ries may b e act iv ely

s u b ject ed t o rig o ro u s erro r p ro b es o r s ev ere t es t s (May o ,“ ” 1 9 9 6 ). Ov er t ime, p h ilo s o p h ers , p s y ch o lo g is t s , h is -

t o rian s , an d o t h ers h av e d o cu men t ed an ext en s iv e rep ert o ire o f s cien t ific reas o n in g met h o d s (t o u s e a g en eral, if

s o mew h at v ag u e lab el) fo r d ev elo p in g co n cep t u al in t erp ret at io n s .

No w , en v is io n makin g t h at reas o n in g mo re v is ib le an d exp licit t h ro u g h arg u men t . Here y o u fin d s u ccin ct ly

exp res s ed t h e ed u cat io n al v is io n (Du s ch l, 2 0 0 0 ). E d u cat o rs h av e lo n g b een in t eres t ed in fo s t erin g s cien t ific rea-

s o n in g s kills . Fo r t h em, a fo rmalized arg u men t at io n s t ru ct u re s eems a w elco me framew o rk t o h elp s t u d en t s reas o n

w it h mo re s elf aw aren es s an d , u lt imat ely , w it h g reat er d is cip lin e. I n t h is s en s e, t h e recen t ad v o cacy fo r arg u -

men t at io n is n o t all t h at rev o lu t io n ary , b u t feed s an d reo rien t s a rev ered t rad it io n . I n d eed , t h e n u rt u rin g o f

s cien t ific reas o n in g t h ro u g h s t u d en t cen t ered in q u iry an d reflect io n is ju s t w h ere an ed u cat io n al fo cu s o n arg u -

men t at io n g en erally p ro v es mo s t fru it fu l (e.g ., Fo rd , 2 0 1 2 ).

A t t h e s ame t ime, in real p ract ice co g nit iv e p ro ces s es d o n o t alw ay s exh ib it t h e ep is t emic id eals. Mis takes en t er.

Fallacies ab o un d . Bias es in t ru d e. Hu man co g nitio n reg u larly fails t o meet t h e exact in g n o rmat iv e s t an d ard s o f

“rat io n alit y” art icu lat ed b y p h ilo s op h ers (an d g en erally emb raced b y ed u cat o rs ; Gilo v ich , 1 9 9 1; Gilo v ich , Giffin , &

K ah neman, 2 0 0 2; Kahn e man, 2 0 1 1 ; Sut h erlan d, 1 9 9 2). In deed , the “lap s es” “o r b iases s eem d eep ly emb ed d ed in o u r”

p s y ch o lo gical makeup—q u ite likely a p ro d u ct o f o u r ev o lu t ion ary h is t o ry (Barret t , 2 0 1 5). W e may b e s u b op t imal

b eing s . Man y p h ilo s o ph ers an d p s y ch o log ist s h av e t h u s ad o p t ed a mo re mo d est naturali zed ep i s tem ology t h at ac-

kn o wled ges t h e limit s an d act u al cap acit ies o f h u man co g n ition (Bech t el & R ichard so n , 1 9 9 3; Callebaut , 1 9 9 3;

W imsat t , 2 0 0 7). Th e g o als are mo re d es crip t ive. Ho w d o es s cien ce w ork, an d w o rk effectiv ely , ev en w it ho u t ad hering

t o p u rely rat io nal ru les ? Th e t en den cy o f ed u catio n al p ro mo ters o f arg u ment at io n t o remain fait hfu l t o t h e co n -“ ”

v en tio n al rat io nal mo d els t h us p o s es p ro b lems fo r a h ealt hy , realist ic u n d ers t an d ing o f NOS.

Perh ap s t h e mo s t w id es p read co g n it iv e t en d en cy o f n o t e is co n firmat io n b ias (A riely , 2 0 0 8 , p p . 1 5 5 1 7 2 ;–

Gilo v ich , 1 9 9 1 2 0 1 1 2 0 0 6 2 0 1 7, p p . 3 0 3 7 ; K ah n eman ,– , p p . 7 9 8 8 ; K id a,– , p p . 1 5 5  1 6 5 ; Mercier & Sp erb er,– ,

p p . 2 1 2 2 1 8 ; Nickers o n ,– 1 9 9 8 1 9 9 2, p p . 1 7 5 2 2 0 ; Su t h erlan d ,– , p p . 1 3 5 1 4 2 ). Namely , o n ce p art icu lar co n cep t s are–

fo rmed an d ad o p t ed , t h ey g u id e lat er men t al p ro ces s in g . Filt ers d ev elo p . On e is mo re likely t o n o t ice s imilar

in s t an ces an d reg ard t h em as co n firmin g examp les . A t t h e s ame t ime, o n e eas ily o v erlo o ks co u n t erexamp les . Th ey

are mo re likely t o b e v iew ed s kep t ically , o r d is co u n t ed en t irely . Th u s , firs t imp res s io n s ev en if n o t fu lly ju s t ified— —

b eco me en t ren ch ed . Su b s eq u en t res earch may b e d eficien t b ecau s e a t es t w as d es ig n ed t o merely co n firm, n o t t o

p o t en t ially d is co n firm, a h y p o t h es is (a majo r lo o p h o le in h y p o t h et ico d ed u ct iv e reas o n in g ). A rg u men t s may p res en t

ev id en ce, b u t t h e d at a may b e (u n w it t in g ly ) ch erry p icked t o acco rd w it h t h e o rig in al co n clu s io n . A g en u in e effo rt“  ”

at ju s t ificat io n may b eco me n o mo re t h an an exercis e in rat io n alizat io n . Th e arg u men t may s eem w ell fo rmed an d

lo g ically co mp let e, b u t it is n o t b as ed o n a fair v iew o f all t h e relev an t ev id en ce. (Th at w as t h e co n cern ab o u t R o b ert

914 | A L L C H I N ZEM P L ÉNA ND

P
rinted by

 [W
iley

 O
nline L

ibrary
 - 073.065.050.210 - /doi/ep

df/10.1002/sce.21589] at [21/09/2020].



co n cep t u al b ias es o f t h e w rit er. Th at is , o n e n eed s in fo rmat io n b ey o n d w h at t h e arg u men t it s elf p ro v id es , makin g

t h e arg u men t s o mew h at red u n d an t , in a s en s e. C o n firmat io n b ias as a co g n it iv e b lin d s p o t is a crit ical d imen s io n o f

NOS, es s en t ial fo r co n t ext u alizin g arg u men t s fu lly . I ro n ically , h o w ev er, it lies o u t s id e t h e in t ern alis t co n cern s o f

mo s t arg u men t at io n s ch emat a.

Th e effect o f co n firmat io n b ias is amp lified b y an o t h er co g n it iv e d is p o s it io n . Bas ically , o u r min d s are lazy . W e“ ”

ju mp t o co n clu s io n s . W e fo rm h as t y g en eralizat io n s . W e s eem t o min imize men t al effo rt : w h y w o rk h ard er t h an“ ”

y o u h av e t o ? (I t may t h u s b e, iro n ically , an ev o lu t io n ary ad ap t at io n : t h e early b ird g et s t h e w o rm ?) Ps y ch o lo g is t“ ”

Dan iel K ah n eman calls it W YSI A TI : w h at y o u s ee is all t h ere is (2 0 1 1 , p p . 8 5 8 8 ).“ ” –
3 Ou r min d s s eem t o p refer

co h eren ce an d s p eed , rat h er t h an co mp let en es s o f arg u men t . Dis p o s it io n ally , w e are s at is ficers , n o t o p t imizers

(Nis b et t & R o s s , 1 9 8 0; Simo n , , ; W ims at t , ). C o n s id er, fo r examp le, t h e cas e o f t h e v icero y b u t t erfly1 9 5 6 1 9 6 9 2 0 0 7

as an illu s t rat io n o f Bat es ian mimicry an erro r w h ich p ers is t ed fo r o v er a cen t u ry (A llch in , 2 0 1 5 a, p p . 2 4 2 5 ). Th e— –

o rig in al arg u men t w as firs t p res en t ed in 1 8 6 9 . Th e n o t io n t h at a p alat ab le s p ecies may ev o lv e t h ro u g h n at u ral

s elect io n t o res emb le an u n p alat ab le s p ecies w as s t ill fres h an d in s p irin g . Ben jamin W als h an d C h arles R iley n o t iced

t h e res emb lan ce o f t h e v icero y t o t h e mo n arch an d aft er s o me mo d es t field o b s erv at io n s an n o u n ced it as t h e firs t

cas e t o b e d is co v ered in No rt h A merica. L at er, t h e id en t ificat io n o f t h e milkw eed p lan t as t h e s o u rce o f t h e

mo n arch 's t o xin s s eemed t o co n firm t h e in t erp ret at io n . Bu t n o o n e h ad t es t ed t h e v icero y . W YSI A TI (o r, eq u ally ,

“ ”w h at y o u lo o k fo r is all y o u w ill ev er likely fin d ). W h en t h e o b v io u s t es t s w ere d o n e in t h e early 1 9 9 0 s , t h e v icero y

p ro v ed d is t as t efu l, as w ell. Th e b u t t erflies h av e ev o lv ed t o res emb le o n e an o t h er fo r a d ifferen t reas o n : b y s h arin g

a w arn in g s ig n al t h at h elp s t h em b o t h . Th ey exh ib it Mu llerian , n o t Bat es ian , mimicry . Des p it e t h e p rev ailin g“  ”

rh et o ric (in ed u cat io n an d els ew h ere), s cien ce is n o t alw ay s s elf co rrect in g (A llch in ,“  ” 2 0 1 5 a). Becau s e o f t h e

W YSI A TI s y n d ro me, b lin d s p o t s can d ev elo p an d remain amazin g ly d ifficu lt t o d et ect . A rg u men t s s ad ly t en d t o

fo s t er a mis p laced co n fid en ce t h at o n e's ju s t ificat io n is fu ll an d co mp let e. Th ey h id e t h eir o w n d eficit s . A g ain , o n e

n eed s an u n d ers t an d in g o f t h e co g n it iv e d imen s io n s o f NOS ( arg u men t at io n ) t o in t erp ret t h em.outs i de

A n o t h er co g n it iv e t en d en cy relev an t t o s cien t ific lit eracy is o u r ab ilit y t o p ro ject o u r p ers o n al o r cu lt u ral

id eo lo g ies o n t o n at u re, w h ere t h ey ap p ear t o aris e p u rp o s efu lly fro m t h e g iv en w o rld , rat h er t h an fro m o u r o w n

p s y ch e. Th e n at u ralizin g erro r, as it is called , is fo u n d h is t o rically , as w ell as in co n t emp o rary s cien ce (A llch in , 2 0 1 7 ,

p p . 1 1 7 1 5 2 ; A llch in & W ert h ,– 2 0 1 7 ). Fo r examp le, ev o lu t io n ary b io lo g is t E .O. W ils o n h y p o t h es ized t h at h u man s

h av e a n at u ral, o r in n at e, affin it y t o life w h at h e called b io p h ilia t h at in h eren t ly ju s t ifies co n s erv at io n effo rt s .“ ” — —

W ils o n makes n o s ecret o f h is o w n fas cin at io n w it h an t s , an d h e p ro mo t es t h e p res erv at io n o f w ild ern es s , s o

b io p h ilia alig n s n eat ly w it h h is o w n v alu es . Bu t ev en w h en h e w ro t e an en t ire b o o k o n t h e t o p ic, t h ere w as n o

s t ro n g emp irical ev id en ce t o s u g g es t t h at it w as u n iv ers al, o r g en et ic, o r ad ap t iv e in an y w ay . St u d ies s in ce h av e

failed t o co n firm w h at w as o n ce p res en t ed as a s cien t ifically v alid at ed v alu e (A llch in ,“ ” 2 0 1 8 ). Nat u ralizin g h as b een

fo u n d in id eas ab o u t t o o l u s e as cen t ral t o h u man ev o lu t io n , in v iew s o f n at u ral s elect io n as fu n d amen t ally

co mp et it iv e, in t h e co n cep t o f race (an d it s p res u med relat io n s h ip w it h s kin co lo r), in t h e Paleo d iet , an d in n o rms o f

p air b o n d in g , n u clear families an d ab n o rmal s exu al b eh av io rs . W h en s u ch co n clu s io n s fin d t h eir w ay in t o s cien ce,“ ”

t h ey s eem t o h av e s t ro n g ju s t ificat io n fo r s o cial p o licy , b u t t h ey are u lt imat ely man ifes t at io n s o f a co g n it iv e

t en d en cy t o s ee p u rp o s e in n at u re.“ ”

I n t h e rat io n al arg u men t at io n ap p ro ach es , co g n it iv e fact o rs s u ch as cu lt u re, g en d er, race, o r clas s are s u p p o s ed

t o b e filt ered o u t an d n o t in flu en ce s cien ce. Bu t h is t o rical an d s o cio lo g ical s t u d ies o v er man y d ecad es n o w h av e

clearly in d icat ed t h at t h ey freq u en t ly d o . Scien ce is n o t w h o lly in s u lat ed fro m cu lt u re. Scien t is t s are h u man s an d

t h eir p ers o n al v alu es s h ap e t h eir co g n it iv e filt ers , p ercep t io n s , an d id eas , ju s t as p rev io u s s cien t ific exp erien ces d o .

I d eally , p erh ap s , arg u men t s fu n ct io n t o d is t ill t h e reas o n in g , s o t h at o n ly ev id en ce b eco mes relev an t . Bu t as in t h e

cas es ab o v e, it b eco mes a q u es t io n o f w h ich ev id en ce?, an d fo r w h o s e id ea? On ce ag ain , n o rmat iv e an d d e-“ ” “ ”

s crip t iv e ap p ro ach es g en erat e an u n co mfo rt ab le t en s io n (A llch in , 2 0 1 3 b , p p . 1 0 7 1 2 0 ). Ult imat ely , a s t ead fas t ly–
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in t ern alis t p ers p ect iv e o f arg u men t at io n is ill eq u ip p ed t o h elp s t u d en t s ap p reciat e w h y s cien ce can b e b ias ed b y

cu lt u re, o r h o w t o co p e w it h it .

Giv en t h e b ias es o f h u man co g n it io n , o n e may w an t t o rein v ig o rat e effo rt s t o o b ject ify all s cien t ific reas o n in g .

Namely , t ry t o red u ce o r elimin at e t h e ro le o f in d iv id u al co g n it io n o r p ers p ect iv es . A g ain , fo r ed u cat o rs , a fo cu s o n

arg u men t may s eem like t h e p rime t o o l. Ho w ev er, d iv ers e in d iv id u al p ers p ect iv es als o h av e a p o s it iv e ep is t emic

ro le. Th at is , s o met imes b ias can b e fru it fu l t o s cien ce. New co n t ext s o p en fres h in t erp ret at io n s . Dis co v eries are“ ”

o ft en ro o t ed in n ew w ay s o f s eein g . Th u s , Darw in w as ab le t o make s ev eral s p ect acu lar d is co v eries b as ed o n a

d is t in ct iv e w ay o f t h in kin g t h at led , o n o t h er o ccas io n s , t o s p ect acu lar erro r (A llch in , 2 0 1 7 , p p . 7 9 8 6 ). Fo r examp le,–

Darw in 's g rad u alis t t h in kin g (a leg acy o f L y ell) h elp ed h im in t erp ret h o w co ral reefs fo rm h is firs t majo r s cien t ific—

co n t rib u t io n . Yet it als o led h im t o p ro p o s e t h at t h e ro cky s h elv es lin in g t h e v alley o f Glen R o y w ere t h e h is t o rical

s h o relin es o f a reced in g o cean . Th at p ro v ed co n s p icu o u s ly w ro n g . (Th ey w ere left b y reced in g g laciers .) Darw in 's

family u p b rin g in g amo n g t h e Brit is h elit e s u p p o rt ed a v iew o f a cu lt u ral ran kin g amo n g h u man s . Darw in t h u s

co n cep t u alized t h e t rib al Fu eg ian s as in t ermed iat e b et w een o ran g u t an s an d mo re civ ilized b ein g s . Th at en ab led

h im t o s ee h u man ev o lu t io n w as v iv id ly p o s s ib le, ev en fo r men t al cap acit ies an d a mo ral s en s e. A t t h e s ame t ime,

t h at h ierarch al v iew n u rt u red b io lo g ical co n cep t io n s o f race, w h ich o t h ers lat er u s ed t o s u p p o rt racis t id eo lo g y .

Bo t h in s ig h t s an d b lin d s p o t s emerg ed fro m t h e s ame p ers p ect iv e. E p is t emically , s q u elch in g in d iv id u al w ay s o f

t h in kin g may n o t b e d es irab le. W h at p ro b lems aris e fro m in d iv id u al co g n it io n s eem t o b e effect iv ely ad d res s ed at

t h e s o cial lev el (s ee Sect io n 4 ).

I n s u mmary , t h e as s u mp t io n o f man y ed u cat o rs t h at reas o n in g an d arg u men t at io n n eat ly alig n is mis p laced .

Man y co g n it iv e p ro ces s es in clu d in g co n firmat io n b ias , W YSI A TI , t h e n at u ralizin g erro r, an d cu lt u ral b ias o ccu r— —

w it h o u t co n s cio u s aw aren es s , y et s ig n ifican t ly s h ap e s cien t ific t h in kin g an d co n cep t s an d arg u men t s . A n ed u ca-—

t io n al ap p ro ach t o s cien t ific lit eracy n eed s t o reco g n ize an d p ro file t h es e p ro ces s es an d h o w t o ad d res s t h em—

ep is t emically . A fo cu s o n arg u men t at io n is in s u fficien t . On e may n eed t o g o b ey o n d t h e ab s t ract , ap p aren t ly

o b ject ified arg u men t t o co n s id er h o w t h e min d w o rks in p ract ice an d h o w t h e s o cial d imen s io n o f s cien t ific

d is co u rs e is an in t eg ral p art o f NOS, as ad d res s ed in t h e n ext s ect io n .

4 | THE EPISTEMICS OF THE SCIENTIFIC COMMUNITY:

CHECKS AND BALANCES

Hav in g exp lo red n ew p h en o men a an d co llect ed d at a (Sect io n ), an d in t erp ret ed t h em t o craft n ew co n cep t s2

(Sect io n 3 ), res earch ers t u rn t o t h eir co lleag u es an d fello w exp ert s . Th e ep is t emic w o rk s h ift s fro m p ro b lem p o s in g

an d p ro b lem s o lv in g t o p ers u ad in g p eers (Pet ers o n & Ju n g ck, 1 9 8 8 ). Th e g o al is t o es t ab lis h co n cu rren ce an d

d ev elo p an act io n ab le co n s en s u s (Ores kes , 2 0 1 4 2 0 1 9 1, ; s ee Fig u re ). Ho w ev er, o t h er s cien t is t s may d is ag ree. Th ey

may in t erp ret t h e s ame ev id en ce fro m t h eir o w n p ers p ect iv e, o r co g n it iv e s t an d p o in t . W it h d ifferen t b ackg ro u n d

kn o w led g e, t h ey may b e aw are o f u n ackn o w led g ed d at a. W it h o t h er fo rms o f exp ert is e, t h ey may d is cern u n -

reco g n ized s o u rces o f erro r. I d eo lo g ical o r cu lt u ral b ias es (as d es crib ed in Sect io n 3 ) may b e exp o s ed . C o n t ro v ers ies

may flare. Th e d is co rd an ce may lead t o rep licat in g exp erimen t s o r t o s eekin g fu rt h er ev id en ce t h at can res o lv e t h e

amb ig u it ies an d u n cert ain t ies . Th e p ro ces s o f reco n cilin g d ifferen t v iew s almo s t alw ay s in v o lv es a cert ain d eg ree o f

“ ”—n eg o t iat in g in b o t h s en s es o f t h e w o rd : firs t , n eg o t iat in g w h at co n clu s io n s are ju s t ified (an d h o w ) an d , s eco n d ,

n eg o t iat in g a p at h w ay t o mo re ev id en ce an d mo re s ecu re kn o w led g e ab o u t t h e w o rld . W e t ru s t t h at t h e co u n -

t erv ailin g p reju d ices w ill can cel each o t h er. Ult imat ely , t h e s cien t ific co mmu n it y fu n ct io n s cru cially at t h e s o cial

lev el t h ro u g h an imp licit s y s t em o f ch ecks an d b alan ces (Hard in g , 1 9 9 1 1 9 9 0 2 0 0 1; L o n g in o , ; So lo mo n , ). Th e

co llect iv e t h ereb y v et s claims an d g en erat es mo re ro b u s t an d reliab le s cien t ific kn o w led g e. W h ile in d iv id u als are
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(McI n t ry e, ; Ores kes , ; Z imrin g , ; s ee als o in t h is jo u rn al A llch in , ). Scien ce is in d eed t en t at iv e.2 0 1 9 2 0 1 9 2 0 1 9 2 0 1 2 d

Bu t , at t h e s ame t ime, als o imp o rt an t ly s o cial. W h at are t h e s t ru ct u res an d p ract ices t h at g u id e t h es oc i al s oc i al

ep is t emic p ro ces s es (an d t h at co n t ext u alize arg u men t at io n ) at t h is s t ag e?

Th e p ro ces s b eg in s t h ro u g h co mmu n icat io n . I n v es t ig at o rs cu s t o marily o rg an ize a s cien t ific p ap er o r rep o rt o f“ ”

t h eir res u lt s fo r o t h ers t o rev iew . A g ain , arg u men t at io n (t h e mars h alin g o f ev id en ce t o s u p p o rt a claim) s eems at

t h e v ery co re o f t h is act iv it y . Bu t fro m an NOS p ers p ect iv e, it is es s en t ial t o als o u n d ers t an d t h e co n t ext an d

ep is t emic p u rp o s e o f t h is act iv it y . Namely , a fo rmal arg u men t (at t h e lev el o f p u b licat io n o r p u b lic p res en t at io n ) is a

r ec ons tr uc ti on t o s ecu re en d o rs emen t an d t o cred en t ial t h e claim p u b lically (Sch icko re, 2 0 0 8 1 9 9 8; Su p p e, ). Th e

arg u men t is a s elect iv e s u mmary o f ev id en ce w h o s e p rimary aim is t o ju s t ify a p art icu lar s et o f co n clu s io n s . A n

arg u men t in t h is s p ecific fo rm is d ecid ed ly s cien ce it s elf (s ee ed u cat o rs ' claims d o cu men t ed in Sect io nnot “ ” 1

ab o v e). Th e mis mat ch b et w een p ro d u ct an d p ro ces s w as famo u s ly n o t ed b y No b elis t Pet er Med aw ar in h is p ro -

v o cat iv ely t it led 1 9 6 4 es s ay , I s t h e Scien t ific Pap er Frau d u len t ? Nu mero u s s t u d ies s in ce h av e ech o ed an d u n -“ ”

d ers co red t h e d is p arit y b et w een w h at s cien t is t s d o an d w h at t h ey u lt imat ely arg u e in t h eir p u b lis h ed p ap ers

(KnorrCetina, 1981; Latour & W oolgar, 1979, pp. 94– 135; Lynch, 1985; Mulkay, ; Traweek,1985 1988, pp. 117– 123;

Myers, 1990; s ee als o Sect ion 2 ). Namely, a context of communal justificati on differs markedly from a context of

distributed discovery in science. Generative reasoni ng (in search mode) differs from retrospective argument and

collective validation.

A cco rd in g ly , s t u d en t s s h o u ld learn h o w real s cien t is t s co mp o s e, p res en t , an d in t erp ret fo rmal arg u men t s (an d

w h y ). A n in fo rmat iv e b en ch mark is Fred Su p p e's ( 1 9 9 8 ) carefu l an aly s is o f t h e s t ru ct u re o f a s cien t ific p ap er. His“ ”

fin e s cale d is s ect io n o f a larg e s amp le o f p ap ers s h o w s ju s t h o w s cien t is t s t ry t o p ers u ad e t h eir read ers o f a

p art icu lar in t erp ret at io n o f t h e d at a. I t is an in t erp lay o f h y p o t h es es , co ro llaries , d at a, s t at ed in t erp ret at io n s , an d

as s o ciat ed d o u b t s (o r q u eries ) an d t h eir co rres p o n d in g rejo in d ers . No t ab ly , au t h o rs s y s t emat ically co n s id er“ ” “ ”

p ro s p ect iv e alt ern at iv e in t erp ret at io n s (o t h er t h an t h eir o w n ) an d p res en t t h eir res p o n s es (ech o in g t h e ep is t emic

t h eme o f red u cin g erro rs ). Su p p e fo u n d , s ig n ifican t ly , t h at t h e p at t ern o f arg u men t d o es n o t fu lly alig n w it h man y

p o p u lar p h ilo s o p h ical mo d els o f s cien t ific reas o n in g . Neit h er t h e h y p o t h et ico d ed u ct iv e (HD) met h o d , n o r in feren ce

t o t h e b es t exp lan at io n (I BE ), n o r Bay es ian in d u ct io n can acco u n t fo r all t h e ch aract eris t ic feat u res o f s cien t ific

p ap ers . A n d y et o n e fin d s ed u cat o rs freq u en t ly t ry in g t o s h o eh o rn s cien ce in t o o n e o r an o t h er o f t h es e arg u men t“ ”

s t y les (e.g ., s ee L aw s o n , 2 0 1 0 , in t h is jo u rn al, d is t o rt in g h is t o rical cas es t o fit an HD mo d el; s ee earlier relev an t

crit iq u es b y A llch in , 2 0 1 3 a 2 0 0 4 a 2 0 0 6, , ). W e o b s erv e in clas s ro o m s et t in g s , in p art icu lar, a t en d en cy t o rein fo rce

n aiv e emp iricis m an d t o en co u rag e s t u d en t s t o p at t ern t h eir arg u men t s n arro w ly in t h e s t y le o f t h e can o n ical b u t—

n o w w id ely d is cred it ed Scien t ific Met h o d , b u ilt o n t h e HD mo d el. E d u cat o rs may t h u s n eed t o ad mit a larg er—“ ”

s p ect ru m o f arg u men t t y p es , an d ev en ab an d o n t h e n o t io n o f s t an d ard ized arg u men t t emp lat es o r s ch emes , t o

acco mmo d at e t h e p art icu larit y an d co n t ext d ep en d en ce o f all arg u men t s .

The i mpression f rom man y educatio nal approa ches to argument is that once scientis ts ha ve writte n their papers (or

given a presentation or poster at a conference), the epistemic work of science is done. Namely, the is complete.argument

Of course, this is hardly the case. Other scientists may weigh in. They may rea ch different conclusions from the same data.

They may appeal to other relevant evidence. They may be aware of counterinstances. They may have different con-

ceptual perspectives and find alterna tive paths of reasoning. By engaging with the scientifi c community, the process

becomes social. Argument gives way to argumentation . Many educators do, indeed, reg ard argu mentation as in herently

social (e. g., recently in this journal: Berland & Reiser, 2011 2019; C hen, Benus, & Hernandez, ; GonzálezHoward, 2019;

Grimes, McDonald, & van Kampen, 2019; McNeill, GonzálezHoward, KatshSinger, & Loper, 2018; among others).

However, some educators focus on the comparative peer exchange and nonpersuasive elements that contribute to

“sensemaking” (a st andard feature of constru ctivist learning). Others con tend that s tudents should engage i n forma l

(structured) argumentation (paralleling the justifications of scientists). Some see students as jointly creating an argument;
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discursive fram eworks. All too often, i t seems, arguments are structured in the clas sroom (using va rious models and

schema), but not the social practices of argumentation. What are the formal structures of discourse or t he fo rmal principles

of fruitful, rational interaction? For scientists, th ese epistemic p rocesses include such features a s the customary criteria for

peer review in publication and for responding to reviewers ; t he norms for reciprocal respect or addressing criticism

responsibly (e.g., Michaels, O'Connor, & Resnick, 2008); and institutional norms for ra tional scient ific communi ties, as

articulated by social epistemologi sts (e.g., Longino, 1990, and others). Ironically, the strategies for epistemically productive

social discourse (“negotiati on” skil ls) g enerally remain unaddressed by educators, even when they acknowledge a social

dimension to argumentation.

A s n o t ed ab o v e, a key ro le fo r h av in g a co mmu n it y o f s cien t is t s is d et ect in g erro rs . Ot h er res earch ers may fin d

met h o d o lo g ical flaw s . Th ey may exp o s e t h eo ret ical o r p reju d icial b ias es . Th ey may h av e s ig n ifican t co u n t er-

arg u men t s . C rit ical exch an g e en ab les an imp o rt an t s y s t em o f ch ecks an d b alan ces . So me ed u cat o rs acco rd in g ly

h ig h lig h t t h e s ig n ifican ce o f crit iq u e, o f act iv ely t o o t h ers ' arg u men t s , an d o f rev is in g arg u men t s t h ro u g hli s teni ng

in t erp lay (Hen d ers o n , et al., 2 0 1 5 2 0 1 3 2 0 0 0; I o rd an o u , ; L eit ão , ). St u d en t s may ev en t u ally in t ern alize s u ch en -

co u n t ers w it h o p p o s it io n al v o ices , t h ereb y d ev elo p in g d is p o s it io n s fo r s elf crit iq u e an d fo r as s emb lin g arg u men t s“ ” 

t h at an t icip at e an d ad d res s p ro s p ect iv e o b ject io n s (Fo rd , 2 0 1 2 1 9 9 8; s ee als o Su p p e, ). Ho w ev er, t h es e p ract ices

s eem in freq u en t an d u n d erv alu ed in clas s ro o ms . Th ere s eems t o b e lit t le en g ag emen t w it h ad d res s in g o b ject io n s ,

ev en w h en t h is elemen t is in clu d ed in arg u men t s ch emes (s u ch as To u lmin 's ). I n s ch o o l in t erv iew s , Gray an d K an g

(2 0 1 2 ) fo u n d t h at t h e lack o f q u alifiers an d reb u t t als in t h e s cien t ific arg u men t s co n s t ru ct ed b y t h e t each er“

p o rt ray ed t h e ep is t emic p ro ces s o f s cien ce as if a p iece o f d at a led s t raig h t fo rw ard [ly ] t o t h e claim (p p . 4 6 , 6 0 ).”

E d u cat o rs o ft en o mit a ro le fo r co u n t erarg u men t s fo r examp le, b y t ru n cat in g To u lmin 's o rig in al s ch eme in t h e—

s imp lified arg u men t fo rmat t h ey p ro v id e fo r s t u d en t s . Th ey imp licit ly d is co u n t t h e imp o rt an ce o f d ialo g u e an d

crit iq u e. No r are s t u d en t s t y p ically p ro v id ed w it h d is cu rs iv e (s o cial) t o o ls fo r res o lv in g d is ag reemen t (e.g ., Fis h er,

Ury , & Pat t o n , 2 0 1 1 ). A rg u men t at io n in t h e clas s ro o m t h u s fails t o reflect t h e imp o rt an t ep is t emic co n t rib u t io n o f

t h e in t erp lay b et w een d iv erg en t p ers p ect iv es .

Ho w , in d eed , d o s cien t is t s res o lv e t h eir d is ag reemen t s o r co n flict in g in t erp ret at io n s ? W ell, w h at t h ey d o d onot

is co n v en e at a t ab le an d s imp ly v o lley arg u men t s b ack an d fo rt h , like a g ame o f t en n is , u n t il o n e p lay er fails t o

ret u rn t h e b all. Mo v in g d eb at e fo rw ard t y p ically in v o lv es n ew d at a, n ew in fo rmat io n . C o u n t erarg u men t s n eed

co u n t erev id en ce. Th at may mean rep licat in g an exp erimen t w it h n ew co n t ro ls , t o d emo n s t rat e t h e ro le o f a h id d en

co n t amin an t o r co n fo u n d in g v ariab le. I t may mean s h o w in g h o w co rrelat io n d o es n o t in d icat e cau s at io n , w h en

o t h er v ariab les are co n s id ered . I t may mean exp lo rin g n ew cas es t o as cert ain t h e g en eralizab ilit y o f a res u lt , o r t o

d is crimin at e t h e d o main s o f t w o alt ern at iv e in t erp ret at io n s . I t may mean t ry in g t o d emo n s t rat e t h e s eemin g ly

imp ro b ab le p red ict io n s o f a co n cep t u al mo d el. Th at is , n ew rh et o ric alo n e h as limit ed effect . Ju s t ified d o“ ” p os i ti ons

n o t co n s t it u t e ju s t ified . I n mo s t cas es , s cien t is t s g en erat e n ew ev id en ce. Th ey g o b ack t o t h e mat erialc onc lus i ons  

an d o b s erv at io n al p ro ces s es o f t h e lab o rat o ry o r field s it e an d p ro b e fu rt h er (Sect io n 2 ). On e n eed s a creat iv e

exp erimen t al d es ig n , rat h er t h an ju s t a creat iv e t u rn o f arg u men t . C las s ro o ms t h at h ig h lig h t arg u men t at io n as

co mp o s ed o n ly o f arg u men t s w ill mis s h o w t h e s o cial d imen s io n g u id es d is co v ery an d n ew fin d in g s es s en t ial t o“ ”

res o lv in g co n t ro v ers ies . Here, t h e met ap h o r o f n eg o t iat io n as fin d in g t h e p at h w ay t o co n s is t en cy in t h e d at a is

mo re in fo rmat iv e t h an o f n eg o t iat io n as a p ro ces s o f co n ces s io n s o r co mp ro mis es amo n g es t ab lis h ed alt ern at iv e

p o s it io n s .

E d u cat o rs mu s t als o co n t en d w it h t h e p o t en t v ern acu lar met ap h o rs o f arg u men t an d p ers u as io n . Namely , w h at

is t h e n at u re o f t h e in t eract io n o r s o cial exch an g e? Th e lan g u ag e o f an d emp h as is o n p ers u as io n (Berlan d &“ ”

R eis er, 2 0 1 1 2 0 0 7; Jimén ez A leixan d re & E rd u ran , ) can b e mis lead in g . I n p o p u lar cu lt u re, p ers u as io n is a zero s u m

g ame. W in o r lo s e. I t d o es n o t imp ly u s in g d ialo g u e t o reco n cile ap p aren t ly co n flict in g claims . Th e lan g u ag e o f

arg u men t d efen d in g a p o s it io n w it h s t ro n g  ev id en ce o r w in n in g w it h p o w erfu l reas o n in g carries co mp e-—“ ” “ ” “ ” “ ” —
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rat h er t h an t o s eek emp irical t h ro u g h mu t u al crit iq u e. Part ly reas o n ed o ft en s u b s t it u t e fo rjus ti f i c ati on p os i ti ons

mo re fu lly ju s t ified . Th u s , ev en aft er en co u n t erin g effect iv e n eg at iv e ev id en ce, reb u t t als , o rc onc lus i ons

co u n t erarg u men t s an d ev en amo n g t h o s e w it h s o me b as ic ap p reciat io n o f NOS s t u d en t s rarely rev is e t h eir v iew s— — 

(Berlan d & R eis er, 2 0 1 1 2 0 1 2 2 0 1 8, p . 2 1 2 ; E v ag o ro u , Jimén ez A leixan d re, & Os b o rn e, ; Faize et al., , p . 4 7 8 ;

K h is h fe, 2 0 1 2 2 0 1 2 3, p p . 8 7 9 0 ; R y u & San d o v al,– , p . 4 9 2 ). C o n firmat io n b ias an d rat io n alizat io n (Sect io n ) are

t h ereb y s u b t ly rein fo rced , rat h er t h an p ro b ed , en g ag ed , an d res o lv ed . A n in ap p ro p riat e emp h as is o n arg u men t at io n

o r p ers u as io n may , iro n ically , u n d ermin e t h e in t en d ed les s o n s ab o u t s o cial ep is t emic p ro ces s es .

Ho w are co n flict in g arg u men t s u lt imat ely res o lv ed in s cien ce? Mo s t ed u cat io n al framew o rks o f arg u men t at io n

emb o d y an eit h er o r, w in n er t ake all ap p ro ach (s ee A llch in ,   1 9 9 4 , fo r s imilar p ers p ect iv es in t h e p h ilo s o p h y o f

s cien ce). Th ey p ro v id e cris p lin es fo r d ecid in g amo n g ( co mp et in g ) alt ern at iv es . Bu t t h e reas o n in g is rarely t h at“ ”

s imp le o r d ich o t o mo u s . Ju s t as s imp lis t ic p h ilo s o p h ical mo d els o f co n firmat io n v ers u s d ecis iv e fals ificat io n p ro v ed

in ap p ro p riat e (L akat o s , 1 9 7 8 2 0 0 5 2 0 1 9; L o s ee, ; Z imrin g , ), s imp le d ich o t o mo u s mo d els o f arg u men t at io n als o fail

t o reflect real p ract ice. I n s cien ce, at leas t , w in n ers are rarely d eclared . On e t h eo ry g ro w s in s u p p o rt , w h ile an o t h er

w an es an d is fin ally , almo s t imp ercep t ib ly , ab an d o n ed . E v en s o , t h e mo re t y p ical o u t co me is a s y n t h es is , in w h ich

“ ” “ ”o p p o s in g p o s it io n s are each p art ially co rrect , o r in w h ich t h e co mp et in g claims are d ifferen t iat ed , each ap p ly in g

t o d is cret e co n t ext s o r b o u n d ary co n d it io n s (Do n o v an , L au d an , & L au d an , 1 9 8 8 1 9 8 7; E n g elh ard t & C ap lan , ). Th at

kin d o f s o lu t io n req u ires creat iv e in t erp ret at io n o f t h e ev id en ce an d s o cial exch an g e, n o t co mb at iv e, eit h er o r

arg u men t s . Th e ed u cat io n al d an g er is t h at s t u d en t s may p erceiv e arg u men t at io n as an u lt imat e g o al, rat h er t h an as

a p ro ximal in s t ru men t t o d ev elo p kn o w led g e (a mis co n s t ru al t h at McNeill et al. [ 2 0 1 8 ] calls p s eu d o arg u men t at io n ).

Dev elo p in g a w ell ju s t ified co n s en s u s in s cien ce is a t h o ro u g h ly s o cial act iv it y . Bu t w h at en s u res t h at t h e

s y s t em o f ch ecks an d b alan ces is effect iv e ? W h at p rev en t s it fro m red u cin g t o mere p o lit ics ? I nep i s tem i c ally

d ialect ic ap p ro ach es t o arg u men t at io n (if u s ed ), t h ere are p ro t o co ls fo r civ il (an d p erh ap s rat io n al) d is co u rs e. Bu t

t h es e d ialo g ic n o rms may n o t b e s u fficien t fo r s cien ce, w h ich h as it s o w n ad d it io n al ru les . Th es e, t o o , are“ ”

imp o rt an t NOS les s o n s o u t s id e t h e arg u men t s t h ems elv es . So cio lo g is t R o b ert Mert o n (1 9 7 3 ) art icu lat ed s o me

b as ic n o rms w h at h e called t h e co n d it io n s fo r t h e g ro w t h o f cert ified kn o w led g e: u n iv ers alis m, co mmu n alit y ,—

d is in t eres t ed n es s , an d o rg an ized s kep t icis m. Mo re recen t ly , t h es e h av e b een ech o ed w it h in p h ilo s o p h y o f s cien ce

an d in t eg rat ed w it h co n cern s ab o u t s o cial ep is t emo lo g y (L o n g in o , 1 9 9 0 ). Fo r examp le, d is s en t mu s t b e ad d res s ed .

A ls o , p ers o n s o f d ifferen t b ackg ro u n d s an d p ers p ect iv es mu s t b e affo rd ed acces s t o t h e co mmu n it y d is co u rs e.

Div ers it y o f s cien t is t s mat t ers (Hard in g , 1 9 9 1 ). I n cas es o f d is p u t es , t h e relev an t co mp lemen t ary p ers p ect iv es (o r

b ias es , o r co g n it iv e v ect o rs ) mu s t b e b alan ced (So lo mo n , 2 0 0 1 ). Th e p o in t is t h at t h es e s o cial feat u res o f d is co u rs e

are n o t in clu d ed in t h e arg u men t s p ro p er (t h ey are n o t t h e d at a, t h e w arran t s , t h e reb u t t als , et c.). Th ey are p art o f

t h e co n d it io n s u n d er w h ich arg u men t s are p res en t ed an d p ro ces s ed s o cially . Su ch s o cial o r in s t it u t io n lev el 

p rin cip les mat t er, fo r examp le, in as s es s in g w h et h er s cien ce h as ach iev ed a ro b u s t an d s t ab le co n s en s u s (Ores kes ,

2 0 1 9 2 0 0 1; So lo mo n , ). Th ey are a p art o f NOS, b ey o n d t h e arg u men t o r ap p aren t reas o n in g it s elf.

A n o t h er ap p aren t ru le (o r as s u mp t io n ) o f arg u men t at io n in s cien ce is t h at o n e s h o u ld ap p ro ach all arg u men t s“ ”

w it h a s kep t ical at t it u d e an d ju d g e t h em exclu s iv ely o n t h eir lo g ical an d ev id en t ial merit s . Th u s , p h ilo s o p h ers o f

s cien ce an d s cien t is t s o ft en p ro claim t h at emp irical ev id en ce is t h e o n ly leg it imat e arb it er o f an y arg u men ts c i enti f i c

o r d is ag reemen t (e.g ., McI n t ry e, 2 0 1 9 2 0 1 9; Z imrin g , ). I ro n ically , p erh ap s , s cien t is t s d o n o t alw ay s ad h ere t o t h is

p rin cip le. I d eally , p erh ap s , s cien t is t s s cru t in ize each arg u men t , each as s u mp t io n , each lab o rat o ry met h o d , an d each

in feren ce. Th ey rep ro d u ce an exp erimen t t o co n firm it s res u lt s . Ho w ev er, in p ract ice, t h is is rarely d o n e. Scien t is t s

p u rs u e rep licat io n o n ly w h en t h e res u lt s s eem h ig h ly u n likely o r are s o excit in g t h at t h ey s eem w o rt h rep eat in g as—

a firs t s t ep t o b u ild in g o n t h em fu rt h er. R es o u rces , in clu d in g t ime, are limit ed . No r can o n e p o u r o v er ev ery relev an t

p ap er in d et ail. Scien t is t s mu s t eco n o mize. Th ey mu s t h av e a mech an is m t o exercis e , in iro n ic co n t ras t t otr us t

s kep t icis m. Bu t b y w h at meas u re? Scien t is t s u s u ally rely o n an in d irect h eu ris t ic. Th at is , t h ey rat e each o t h er's
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L at o u r & W o o lg ar, ). W h ile t h is h eu ris t ic (like all h eu ris t ics ) can fail o n o ccas io n s , it s eems t ru s t w o rt h y en o u g h1 9 7 9

t o b e effect iv e. I t can mat t er t o t h e p ract ice o f s cien ce. I n t h e 1 9 6 0 s t w o lab s , o n e led b y R o g er Gu illemin an d t h e

o t h er b y A n d rew Sch ally , w ere racin g t o d is co v er t h e s t ru ct u re o f a h o rmo n e, t h y ro t ro p in releas in g fact o r (TR F).

Sch ally d ecid ed t o t ru s t Gu illemin 's res u lt s , b u t Gu illemin in s is t ed o n rep eat in g an d co n firmin g ev ery res u lt an -

n o u n ced b y Sch ally 's lab . I n s h o rt , Sch ally 's t ru s t allo w ed h im t o mad e t h e d is co v ery firs t (L at o u r & W o o lg ar, 1 9 7 9 ,

p p . 1 3 1 1 3 6 ). I n p ract ice, as s es s men t s o f cred ib ilit y mat t er as mu ch as , if n o t mo re t h an , t h e carefu l an d d et ailed–

as s es s men t s o f arg u men t s . Hen ce, s cien t is t s w o rk w it h in an elab o rat e eco n o my o f cred it , clo s ely allied t o ep is -“ ”

t emic as s es s men t s (Bo u rd ieu , 1 9 7 5 1 9 8 8 1 9 7 9; Hu ll, ; L at o u r & W o o lg ar, ). Th at is an o t h er reas o n w h y a fo cu s o n

arg u men t at io n s eems in co mp let e in p o rt ray in g t h e NOS, o r h o w s cien ce w o rks .

5 | THE EPISTEMICS OF SCIENCE INSOCIETY:

EXPERTISE AND CREDIBILITY

On ce t h e s cien t ific co mmu n it y h as es t ab lis h ed a s t ab le, w ell in fo rmed co n s en s u s (Sect io n ), it may s eem t h at t h e 4

ep is t emic w o rk o f s cien ce is fin ally d o n e. A ll t h at remain s is fo r t h e co n clu s io n s o f s cien t ific exp ert s t o b e d is -

s emin at ed an d in fo rm p u b lic p o licy an d p ers o n al d ecis io n makin g (Fig u re 1 ). Yet h ere, t h e p u b lic co mmu n icat io n o f

s cien ce is es s en t ial. A n d s u ch co mmu n icat io n in t ro d u ces it s o w n ep is t emic ch allen g es (Hö t t ecke & A llch in , 2 0 2 0 ).

A ll s cien t ific claims in s o ciet y are . Th at leav es cit izen s an d co n s u mers t o as cert ain fo r t h ems elv esm edi ated

w h ich claims , w h ich arg u men t s , w h ich ev id en ce, an d p erh ap s ev en w h ich s cien t is t s t o t ru s t . Th e p ro b lem may s eem

s imilar t o t h e t as k o f s cien t is t s as s es s in g each o t h ers ' rep o rt s (ju s t d is cu s s ed ab o v e). Ho w ev er, t h ere is a s ig n ifican t

d ifferen ce. C it izen s are n o t exp ert s . Th ey are n o t eq u ip p ed t o p art icip at e in t h e s cien t ific d is co u rs e in t h e s ame w ay

as s cien t is t s . W it h o u t t h e relev an t exp ert is e, t h ey are u n ab le t o d is cern w h ich met h o d s may b e s u s p ect , w h ich

co n t ro ls may b e mis s in g , w h at o t h er relev an t d at a h as n o t b een ad d res s ed , w h at s t at is t ical mo d el may b e mis -

ap p lied , w h at alt ern at iv e exp lan at io n s may h av e b een o mit t ed , an d s o o n . Th e p o t en t ial s o u rces o f erro r are man y .

Th is is t h e co n u n d ru m o f (Hard w ig ,ep i s tem i c dep endenc e 1 9 8 5 1 9 9 1, ). Namely , in o u r cu lt u re, w e d ep en d o n t h e

d iv is io n o f in t ellect u al lab o r, w it h it s s p ecialized kn o w led g e an d d is t rib u t ed exp ert is e. (Th at ap p lies as mu ch t o

d o ct o rs , law y ers , p lu mb ers , car mech an ics , elect rician s , an d acco u n t an t s , as t o s cien t is t s .) A s s es s men t o f t ru s t -

w o rt h in es s , rat h er t h an o f t h e q u alit y o f t h e arg u men t , b eco mes fo remo s t (Go ld man , 1 9 9 9 2 0 0 1, ). I ro n ically ,

p erh ap s , o n e n eed s ev id en ce o f t h e claiman t 's cred ib ilit y , n o t ev id en ce fo r t h e claims t h ems elv es . Th is co n s t it u t es a

t ect o n ic ep is t emic s h ift : fro m t o t ru s t , t o t o t ru s t (C o llin s ,what who 1 9 8 5 ). is cred ib le? is an exp ert ?Who Who Who

is a co mp et en t an d h o n es t s p o kes p ers o n fo r t h e co n s en s u s ? On e may imp licit ly t ru s t s cien ce (Sect io n s 2 4– ), b u t

who s p eaks fo r s cien ce? Th es e q u es t io n s ch aract erize t h e w eig h t y ep is t emic ch allen g e o f s cien ce co mmu n icat io n

an d o f as s es s in g an y kn o w led g e t h at is med iat ed fro m exp ert s t o n o n exp ert s . A n d , o f co u rs e, it is es s en t ial fo r a fu ll

u n d ers t an d in g o f NOS relev an t t o fu n ct io n al s cien t ific lit eracy .

Th e t y p ical ed u cat io n al ap p ro ach t o t h e p ro b lem o f en s u rin g t h at co n s u mers are s cien t ifically w ell in fo rmed

(n o w in s t it u t io n alized fo r t h e mo s t p art in p o licy d o cu men t s an d cu rricu lu m s t an d ard s ) is t o t ry t o emp o w er

s t u d en t s t o b e au t o n o mo u s s cien t ific ag en t s . Th e g o al is t o t each t h em t o exercis e t h e d is t in ct iv e (an d p res u mab ly

p riv ileg ed ) s t y le o f s cien t ific reas o n in g . Th is v iew s eems es p ecially p ro n o u n ced amo n g t h e ad v o cat es o f arg u -

men t at io n in s cien ce ed u cat io n , w h o mo s t ly en v is io n t h e s kills t h ey p ro mo t e as ad d res s in g t h is v ery p ro b lem h ead

o n (e.g ., A d ú riz Brav o , 2 0 1 4 2 0 1 1 2 0 0 8, p . 1 4 4 5 ; Berlan d & R eis er, , p . 1 9 2 ; E rd u ran & Jimén ez A leixan d re, ,

p p . xii xv ). Th at is , t h ey t en d t o eq u at e a s cien t ific claim in p u b lic d is co u rs e as n o d ifferen t t h an a claim w it h in an–

exp ert s cien t ific co mmu n it y . Th e clas s ro o m w o rk, mo d elin g res earch arg u men t , is t h u s o ft en framed exp licit ly as

p rep arat io n fo r as s es s in g claims in t h e p u b lic s p h ere o n SSI s . Ho w ev er, in s t ru ct io n in arg u men t s kills can n o t s o lv e
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co n t en t t ran s cen d en t g o als ; Gao n & No rris , ; No rris , , ). I n d eed , a fals e at t it u d e o f co mp et en ce can 2 0 0 1 1 9 9 5 1 9 9 7

lead o n e as t ray . Fo r examp le, in recen t y ears w e h av e w it n es s ed mas s iv e d en ial o f s cien t ific co n s en s u s b y t h o s e

w h o as s ert t h eir in t ellect u al in d ep en d en ce. Th ey imag in e t h at t h ey are s killed en o u g h t o make co n clu s io n s ab o u t“ ”

climat e ch an g e o r v accin e s afet y b as ed o n a s in g le g rap h o r s t u d y , o r a h an d fu l o f is o lat ed fin d in g s . Fro m t h eir o w n

p ers p ect iv e (s h ap ed larg ely b y a d iet o f ch erry p icked d at a), t h ey are b ein g g o o d s cien t is t s , fait h fu l t o t h e ev id en ce,

an d s kep t ical o f s u s p icio u s o r o u t lan d is h claims . Th ey are b lin d t o an d b lit h ely d is mis s t h eir o w n ep is t emic

s h o rt co min g . So mew h ere, t h ey learn ed s cien t ific h u b ris , n o t s cien t ific h u milit y an d res p ect fo r exp ert is e. Scien ce

ed u cat io n mu s t co n s id er in s t ead h o w t o h elp s t u d en t s u n d ers t an d an d co p e res p o n s ib ly w it h t h e d is co mfo rt in g

in s ecu rit y o f ep is t emic d ep en d en ce.

St u d en t s mig h t firs t co me t o ap p reciat e t h e n at u re o f t h e p ro b lem t h ro u g h a v ery b ro ad , o r b ird 's ey e, v iew o f“  ”

t h e creat io n an d d is s emin at io n o f kn o w led g e in s o ciet y (Hö t t ecke & A llch in , 2 0 2 0 ). Th at v iew w o u ld in clu d e

u n d ers t an d in g t h e d is t rib u t io n o f o u r co llect iv e kn o w led g e acro s s man y in d iv id u al exp ert s (in clu d in g in s cien ce), as

w ell as t h e s y s t em o f co mmu n icat io n , t ru s t , an d exch an g e w h ereb y w e s h are t h at kn o w led g e. Th at mig h t lead , mo s t

co n cret ely , t o les s o n s in med ia lit eracy . Yet it mig h t als o b e co u p led w it h a co n cep t u al u n d ers t an d in g o f s o cial

s y s t ems o f t ru s t . Fo r examp le, h o w d id co o p erat io n ev o lv e amo n g h u man s (if n at u ral s elect io n is s o s elfis h )? Th at“ ”

in v o lv es t ru s t in recip ro cit y . E v o lu t io n ary b io lo g is t s can exp lain t h e co n d it io n s fo r in s t it u t in g in d iv id u al t ru s t an d

main t ain in g it t h ro u g h s o cial s t ru ct u res t h at reg u lat e ch eat ers an d en fo rce acco u n t ab ilit y (A llch in , 2 0 0 9 ;

Bo eh m, 2 0 1 2 2 0 0 7 2 0 1 1 2 0 1 0; Hein rich & Hein rich , ; No w ak, ; Sig mu n d , ). A s n o t ed b y Mert o n , Bo u rd ieu , Hu ll, an d

o t h ers (s ee Sect io n 4 ), s cien ce h as d ev elo p ed s u ch a s y s t em: mu t u al acco u n t ab ilit y , w h en med iat ed b y emp irical

ev id en ce en g en d ers a s p ecific kin d o f t ru s t : t ru s t (t h e o s t en s iv e an t id o t e t o ep is t emic d ep en d en ce).ep i s tem i c

Scien ce w o rks , in p art , b ecau s e it h as a s o cial s y s t em t h at rew ard s in d iv id u als fo r emp irical d is co v ery an d reliab le

res u lt s , an d mo t iv at es t h em acco rd in g ly . Th at is , t h ere is a co n cret e s o cial arch it ect u re t o t ru s t , far mo re imp o rt an t

t h an eas y cat ch p h ras es ab o u t s kep t icis m (A llch in , 2 0 1 2 c 1 9 9 9 1 9 9 6; Go ld man , ; Sh ap in , ). Th e d eep er q u es t io n h ere

is h o w s u ch a s y s t em can fu n ct io n mo re b ro ad ly t o in clu d e n o n s cien t is t s , es p ecially fo r t h e s p ecial cas e o f ep i s tem i c

t ru s t . To s o me, t h is d is cu s s io n may s eem v ery acad emic an d ab s t ru s e. Bu t it d es crib es t h e ch allen g es t h at s t u d en t s

n eg o t iat e in t h eir ev ery d ay liv es . W h o can t h ey t ru s t t o rep air t h eir cell p h o n e? W h o can t h ey t ru s t t o kn o w t h e

an s w ers t o t h e s cien ce h o mew o rk? W h o can t h ey t ru s t t o kn o w h o w t o g et t icket s fo r a s o ld o u t co n cert ? A s

co n ceiv ed b y Z emp lén (2 0 0 9 ), s t u d en t s may in q u ire in t o t h es e q u es t io n s fro m t h eir o w n familiar u n iv ers e an d , in a

co n s t ru ct iv is t s t y le, d ev elo p o n t h eir o w n t h e req u is it e p rin cip les o f exp ert is e an d t ru s t . On ce g ro u n d ed in p ers o n al

exp erien ce, s u ch les s o n s can b e g en eralized t o s cien ce: W h o can s ay if cell p h o n es cau s e can cer? W h o can b e

t ru s t ed t o d et ermin e if t h e climat e is ch an g in g ? W h at are t h e ris ks o f t h e co ro n av iru s an d t h e reliab le s t rat eg ies fo r

man ag in g t h e p an d emic? I n t h es e v ery real cas es , t h e arg u men t s fu n ct io n s eco n d arily . Th ey g ain mean in g only

wi thi n a s oc i al s y s tem that deter m i nes who to tr us t. Th at is t h e NOS les s o n w h ich s t u d en t s n eed as co n t ext b efo re

ad d res s in g t h e arg u men t s t h ems elv es .

NOS ed u cat io n may h ig h lig h t t w o es s en t ial s t ran d s t o s cien t ific cred ib ilit y : exp ert is e an d h o n es t y . Firs t , ex-

p ert is e. Ph ilo s o p h ers an d s o cio lo g is t s h av e recen t ly exp lo red t h e mean in g o f exp ert is e an d it s d iag n o s t ic feat u res

(C o llin s & E v an s , 2 0 0 2 2 0 0 7 2 0 1 1 2 0 0 6 2 0 1 1, ; Selin g er, ; Selin g er & C reas e, ; Z emp lén & K u t ro v át z, ; s ee als o

A llch in , 2 0 1 2 c 2). L ike kn o w h o w in a lab (Sect io n ), exp ert is e is a rep ert o ire o f s kills o r co mp et en cies , n o t exp res s ed

lin g u is t ically o r t h ro u g h arg u men t . E xp erien ce is imp o rt an t , b u t it co mes in man y fo rms , b o t h fo rmal an d in fo rmal

(A llch in , 2 0 1 2 c 2 0 1 9; Ores kes , ). I t may in clu d e d ep t h o f b ackg ro u n d kn o w led g e. On e key feat u re (ech o in g t h e

t h eme o f erro r red u ct io n in Sect io n 4 ), is o n e's ab ilit y t o d et ect p o s s ib le erro rs an d reco g n ize mis t akes w h en t h ey

o ccu r. So met imes (es p ecially in field s o t h er t h an s cien ce), exp ert is e may b e v alid at ed s o cially o r in s t it u t io n ally

t h ro u g h p ro fes s io n al cert ificat io n (e.g ., t h e b ar exam fo r law y ers , med ical b o ard s fo r d o ct o rs , o r reg is t ered licen s es

fo r t rad es p ers o n s ). Th o s e cred en t ials b eco me p art o f t h e s o cial arch it ect u re o f t ru s t . Th ey fu n ct io n as in d irect
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A s eco n d majo r co n cern fo r cred ib ilit y an d t ru s t is h o n es t y . Fo r examp le, co n flict o f in t eres t t h reat en s reliab le

s cien ce an d s cien ce co mmu n icat io n . Mo t iv at ed b y id eo lo g y , p o w er o r p ro fit , man y p art ies t ry t o b en d s cien ce“ ”

(Marko w t iz & R o s n er, 2 0 0 2 2 0 0 8 2 0 1 8 2 0 0 6; McGarit y & W ag n er, ; Nes t le, ; W ag n er & St ein zo r, ). W h ile ap p earin g

t o fo llo w ep is t emic ru les , res earch ers w it h co n flict s o f in t eres t may d elib erat ely mis lead . Th ey may ch erry p ick

ev id en ce, h id in g relev an t in fo rmat io n t h at d o es n o t s u p p o rt t h eir aims . Th ey may s t o p a clin ical t rial early , u s in g an

u n rep res en t at iv e s mall s amp le s ize. Th ey may man ip u lat e s t at is t ical cat eg o ries an d an aly s es in a w ay t h at mo s t

exp ert s w o u ld reg ard as mis rep res en t in g t h e p at t ern s in t h e d at a. C o n s id er o n e recen t s t u d y t h at o ffered re-

co mmen d at io n s o n meat d iet (Jo h n s t o n , et al., 2 0 1 9 ). Th e au t h o rs ap p eared t o b as e t h eir as s es s men t o n as s o ciat ed

h ealt h ris ks . Yet t h ey als o in co rp o rat ed p ers o n al d iet ary p referen ce as a fact o r (n o t d irect ly relat ed t o h ealt h ). A t

t h e s ame t ime, t h ey d id co n s id er o t h er eq u ally v alid d iet ary d ecis io n fact o rs , s u ch as co n cern s ab o u t t h enot

en v iro n men t o r w o rld h u n g er. W h ile t h e au t h o rs w ere all u n iv ers it y facu lt y an d p res u mab ly exp ert s , t h ey w ere als o

meat eat ers (w it h o n e excep t io n ) an d t w o o f t h e lead au t h o rs h ad a h is t o ry o f t ies t o t h e fo o d in d u s t ry (Parker 

Po p e & O'C o n n o r, 2 0 1 9 ). Th eir s t u d y exh ib it ed a co n s p icu o u s co n flict o f in t eres t . Nev ert h eles s , t h e re-

co mmen d at io n s w ere rep o rt ed in t h e n ew s w it h g reat fan fare as ap p aren t ly imp o rt an t res u lt s o f a s cien t ific s t u d y“ ”

(K o lat a, 2 0 1 9 ). C o n flict o f in t eres t h as p lag u ed o t h er recen t d iet ary s t u d ies , fo r examp le ab o u t s u g ar in s o ft d rin ks

an d t h e h ealt h in es s o f o rg an ic fo o d s (Nes t le, 2 0 1 5 2 0 1 2; Smit h Sp an g ler et al., ). A g ain , co n flict o f in t eres t d o es n o t

an n o u n ce it s elf in an arg u men t . Yo u h av e t o kn o w s o met h in g ab o u t t h e au t h o r an d t h e co n t ext o f t h e arg u men t .

A fu ll u n d ers t an d in g o f NOS n eed s t o make clear t h o s e co n t ext s , an d alert s t u d en t s t o t h e u s es o f arg u men t , an d

t h e p o t en t ial fo r d is h o n es t o r mis lead in g rep o rt in g t h at may ap p ear as v alid arg u men t s .

I n t h e las t cen t u ry o r s o , p u b lic s cien ce co mmu n icat io n h as b en efit t ed fro m p ro fes s io n al s cien ce jo u rn alis t s as

med iat o rs . L ike o t h er n ew s med ia, t h ey fu n ct io n as g at ekeep ers b et w een exp ert s an d n o n exp ert s . Becau s e t h ey“ ” 

aim ch iefly t o p res erv e t h e reliab ilit y o f s cien t ific claims , t h eir ro le in med iat io n  an d t h e co rres p o n d in g is s u es o f—

exp ert is e an d ep is t emic t ru s t may es cap e t h e n o t ice o f man y co n s u mers . Ho w ev er, in exercis in g t h eir ed it o rial (o r—

cu rat o rial) ro le, t h ey act iv ely filt er an d t ran s fo rm in fo rmat io n . Th ey s elect n ew s fo r relev an ce. Th ey reco n fig u re

jarg o n an d t ech n ical is s u es fo r in t ellig ib ilit y . Th ey ad ju d icat e d eb at es . Th ey als o res p o n d t o t h e co n t ext s o f n ew s

p u b licat io n , s u ch as t h e in t eres t s o f ad v ert is ers an d t h e read ers ' d es ires t o b e en t ert ain ed an d imp res s ed b y t h e

v alu e o f t h e in fo rmat io n . W h at arg u men t s o n e fin d s are t h u s n o t t h e o rig in al s cien t ific arg u men t s . Th ey h av e“ ”

u n d erg o n e t ran s fo rmat io n . A cco rd in g ly , s ev eral ed u cat o rs h av e alread y ad v o cat ed fo r s cien ce med ia lit eracy (e.g .,

Jarman & McC lu n e, 2 0 0 7 2 0 1 6 2 0 0 1; R eid & No rris , ; Z immerman , Bis an z, Bis an z, K lein , & K lein , ). Namely , med ia

u s ers n eed t o u n d ers t an d b o t h t h e v irt u es an d p ract ical limit s o f med ia g at ekeep in g . Bu t b ecau s e t h is p ro ces s h as

s ig n ifican t ep is t emic imp o rt , s u ch effo rt s s h o u ld n o w b e in t eg rat ed in t o s t an d ard NOS ed u cat io n (Hö t t ecke &

A llch in , 2 0 2 0 ).

6 | THE EPISTEMICS OF “SCIENCE IN THE WILD”

Fo r t h e p u rp o s es o f s cien t ific lit eracy , t h e n at u re o f s cien ce d o es n o t en d w it h s cien t ific p u b licat io n s o r t h e“ ”

d ev elo p men t o f a co n s en s u s amo n g s cien t is t s (Sect io n 4 ), o r ev en w it h t h e co mmu n icat io n o f t h o s e fin d in g s t o t h e

p u b lic t h ro u g h t h e n ew s med ia an d els ew h ere (Sect io n 5 ). Scien t ific claims relev an t t o p ers o n al d ecis io n makin g an d

p u b lic d is co u rs e h av e a fu rt h er t raject o ry . R ecall t h e relev an t s co p e o f NOS: fro m t es t t u b es t o Yo u Tu b e,“ ” “fro m

lab b o o k t o Faceb o o k,” “fro m field s it es t o w eb s it es (Sect io n” 1 ). A g o o d d eal h in g es o n w h at s cien t ific claims

u lt imat ely reach cit izen s an d co n s u mers (as w ell as p o licy makers , leg is lat o rs , an d ju d g es ). C laims o rig in at in g fro m

s cien t is t s mu s t s o meh o w w in t h e en d o rs emen t o r accep t an ce o f n o n exp ert s (s ee Fig u re 1 ). A t t h e s ame t ime, n o t

all t h e p u rp o rt ed s cien t ific claims in t h e p u b lic s p h ere o rig in at e fro m g en u in e s cien t is t s . I n d eed , man y v o ices in“ ”
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in clu d in g s u b t erfu g e an d o u t rig h t d eceit . W e liv e in a w o rld o f imit at o rs an d s cien ce co n art is t s (A llch in , , 2 0 1 2 b

2 0 1 5 b 2 0 1 8 2 0 1 7 2 0 1 5 2 0 0 8 2 0 0 5 2 0 1 0, ; Dean , ; K en n er, ; Mich aels , ; Mo o n ey , ; Ores kes & C o n w ay , ; R amp t o n &

St au b er, 2 0 0 1 1 9 9 7 2 0 1 9; To u mey , ; Un io n o f C o n cern ed Scien t is t s , ). Th is is s cien ce b ey o n d t h e b o u n d aries o f t h e

ep is t emic co mmu n it y o f s cien t is t s . Hen ce, t h e claims can es cap e t h e acco u n t ab ilit y o f t h e s y s t em o f ch ecks an d

b alan ces (Sect io n 4 5). I t is als o b ey o n d res p o n s ib le med ia g at ekeep ers an d s cien ce jo u rn alis t s (Sect io n ). Th is is

“ ”s cien ce in t h e w ild . A n d t h e ep is t emic ch allen g e is t o d is cern an d s o rt t h e t ru s t w o rt h y s cien t ific claims fro m t h e

imp o s t ers ' ju n k.

C o n v en t io n ally (as d es crib ed ab o v e), w e h av e relied o n a s y s t em o f g at ekeep in g t h ro u g h s cien ce jo u rn alis t s an d

o t h er med ia p ro fes s io n als . Bu t g at ekeep in g is n o t p erfect , an d med ia u s ers n eed t o b e aw are o f t h e b en efit s an d

flaw s . Mo reo v er, w it h t h e ad v en t o f t h e I n t ern et an d t h e met eo ric ris e o f s o cial med ia, t h e ro le o f t rad it io n al

g at ekeep ers s eems t o b e w an in g . W h at d o es t h at p o rt en d ? Mis in fo rmat io n is n o w o n t h e ris e. L ies s p read rap id ly

v ia elect ro n ic an d s o cial med ia. A n d t h ey t rav el fas t er, fu rt h er, an d mo re b ro ad ly t h an fact s (V o s o u g h i, R o y , &

A ral, 2 0 1 8 ). Fake n ew s ab o u n d s . Yet fake n ew s h as real co n s eq u en ces . C o n s id er t h e man w h o h eard ab o u t

p u rp o rt ed ch ild s ex t raffickin g led b y a U.S. Pres id en t ial can d id at e w it h ab d u ct ees h eld cap t iv e in t u n n els u n d er a —

n eig h b o rh o o d p izzeria w it h t h e lig h t h eart ed n ame C o met Pin g Po n g . Pizzag at e, t h ey called it . A b s u rd an d “ ”

amu s in g o n t h e s u rface, p erh ap s . Bu t t h e rep o rt s mo t iv at ed o n e man t o p ack u p h is rifle, d riv e 3 5 0 miles t o res cu e

t h e ch ild ren , an d fire s h o t s in s id e t h e family res t au ran t (Fis h er, C o x, & Herman n , 2 0 1 6 2 0 1 6; L ip t o n , ; Sid d iq u i &

Sv rlu g a, 2 0 1 6 ). L at er (a lit t le lat e, p erh ap s ?), t h e g u n man ad mit t ed t h at h is in t el o n t h is w as n 't 1 0 0 p ercen t  “ ”

(Go ld man , 2 0 1 6 1 9 8 2). L ies an d frau d cert ain ly o ccu r w it h in t h e s cien t ific co mmu n it y , t o o (Bro ad & W ad e, ;

C h ev as s u s au L o u is ,  2 0 1 9 2 0 0 4; Ju d s o n , ). Bu t t h e in t ern al s y s t em o f ch ecks an d b alan ces t en d s t o clear t h em o u t

relat iv ely efficien t ly . No t s o fo r s cien ce in t h e w ild . Th e co n s u mer an d cit izen in t h e mo d ern ag e, u n aid ed b y

g at ekeep ers , t h u s h as a p ro fo u n d ch allen g e in d eed . On ce ag ain , w h o is an exp ert , an d h o w d o es o n e kn o w ? W h ich

s o u rces , w h ich med ia are cred ib le? I ro n ically , t h at mat t ers t o s cien ce, o r t o in mo d ern s o ciet ywhat c ounts as s c i enc e

(A llch in , 2 0 1 2 e).

Th e t emp t at io n may s u rely b e ju s t t o s ay , t ru s t t h e s cien t is t s . Or t ru s t a med ia s o u rce. Bu t t h es e“ ” “ tr us twor thy ”

are p recis ely t h e fu n d amen t al ep is t emic p ro b lems o f cred ib ilit y t h at t h e cit izen co n s u mer can n o t an s w er. On e may

h av e learn ed w h at d emarcat es s cien ce fro m p s eu d o s cien ce in t h e ab s t ract , b u t s t ill b e u n ab le t o d is cern w h ich is

w h ich in an y g iv en in s t an ce. A ft er all, t h e imp o s t ers are u s in g ev ery ch eap t rick an d s y mb o l o f s cien ce t h ey can fin d

t o ap p ear s cien t ific (To u mey , 1 9 9 7 ). St u d en t s t h u s n eed t o learn h o w t o reco g n ize s cien ce co n art is t s an d t h eir

v ario u s w iles an d s t rat ag ems (A llch in , 2 0 1 2 b 2 0 1 8, , fo rt h co min g ). I mit at o rs en d eav o r t o fo s t er co n fid en ce. Th ey

u s e s t y le, d is g u is e, s o cial emo t io n s , d o u b t , o r s o met imes ju s t flo o d in g t h e med ia t o g iv e a fals e ap p earan ce o f t h e

“ ” —w is d o m o f t h e cro w d . Th es e are all fo rms o f p ers u as io n o u t s id e t h e s t an d ard s o f s cien t ific arg u men t , y et

effect iv e at co n v in cin g o rd in ary fo lk o f s cien t ific t ru t h s . Simp ly kn o w in g h o w t o co n s t ru ct o r d is s ect a w ell

s t ru ct u red arg u men t is n o t en o u g h . On e mu s t u n d ers t an d t h e co n art is t s ' p lay b o o k (K en n er, “ ” 2 0 1 5 ; Un io n o f

C o n cern ed Scien t is t s , 2 0 1 9 2 0 1 7) an effect iv e fo rm o f in o cu lat io n ag ain s t d eceit (C o o k, L ew an d o w s ky , & E cker,— “ ” ).

I n ad d it io n , in d iv id u al cit izen co n s u mers n eed t o u n d ers t an d t h eir o w n ro le in s cien ce co mmu n icat io n . Th ey are

n o t p as s iv e lis t en ers o r receiv ers . Th ey d ecid e w h ich med ia t o fo llo w . Th ey act iv ely filt er w h at t h ey h ear, s ee, an d

read . A n d t h ey are ju s t as s u s cep t ib le as s cien t is t s t o co g n it iv e mis s t ep s (Sect io n 3 ). Th ey exh ib it co n firmat io n b ias ,

t h e W YSI A TI s y n d ro me, an d id eo lo g ical filt ers , an d s u ccu mb t o fau lt y ap p eals t o n at u re. E lect ro n ic med ia n o w

amp lify t h e p ro b lem: w eb b ro w s in g h is t o ry is u s ed t o filt er o n lin e s earch es an d cu s t o mize n ew s feed s , lead in g t o

“ ”filt er b u b b les , an elect ro n ically amp lified fo rm o f co n firmat io n b ias (Ges ch ke, L o ren z, & Ho lt z, 2 0 1 9 ). I n s o me

cas es , mo t iv at ed reas o n in g fu eled b y id eo lo g y t akes o v er, an d lead s t o o u t rig h t d is mis s al o f g en u in e s cien t ific“ ”

ev id en ce, as in t h e cas e o f climat e ch an g e o r ev o lu t io n d en ial (K ah an , 2 0 1 3 2 0 1 1; K ah an , Jen kin s Smit h , & Braman , ;

K raft , L o d g e, & Tab er, 2 0 1 5 ). St u d en t s n eed t o b e aw are o f t h es e co g n it iv e t en d en cies , p art icu larly in t h e co n t ext o f
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W o rs e, p erh ap s , recep t iv it y t o s cien t ific claims can b e s ig n ifican t ly s h ap ed b y s o cial n et w o rks . St u d en t s read ily

ap p reciat e t h e n o t io n o f p eer p res s u re an d h o w it can g o v ern b eliefs . E v en ad u lt s t en d t o alig n t h eir b eliefs t o

co n fo rm t o t h eir g ro u p o r t o p ercep t io n s o f t h eir id en t it y . His t o rically , t h e an t i flu o rid at io n is t s s h ared p o lit ical

id eo lo g y , n o t ju s t v iew s o n a s in g le s cien ce t o p ic (Mart in , 1 9 9 1 1 9 9 7; To u mey , , p p . 6 3 8 0 ). Beliefs in creat io n is m–

an d ev en climat e ch an g e can b e s t ro n g ly s h ap ed b y family o r co mmu n it y v iew s (A llch in , 2 0 1 3 b 2 0 1 7; Harmo n , ;

Un iv ers it y o f K an s as , 2 0 1 7 2 0 1 8; W alt er, Brü g g eman n , & E n g es s er, ). So cial med ia merely amp lify t h e effect s ,

lead in g t o ech o ch amb ers , s p irals o f s ilen ce, an d fals e co n s en s u s effect s . A s t h e u s e o f s o cial med ia g ro w s t o

b eco me a majo r s o u rce fo r s cien ce in fo rmat io n , t h e imp o rt an ce o f s o cial d y n amics in in t erp ret in g s cien ce med ia

rep o rt s als o g ro w s (fo r mo re d is cu s s io n , s ee Ho t t ecke & A llch in , 2 0 2 0 ). A g ain , t h es e p s y ch o lo g ical an d s o cio lo g ical

fact o rs co n t ext u alize an d t en d t o p erip h eralize an y ap p eal t o t h e ev id en ce o r effo rt at fo rmal arg u men t at io n .

Hen ce, in o u r v iew , cit izen co n s u mers v it ally n eed t o u n d ers t an d t h e p lace o f arg u men t at io n in a W h o le Scien ce

v iew o f NOS.

7 | WHITHER ARGUMENTATION?: WHAT ARGUMENTS CAN

AND CANNOT DO

A s art icu lat ed in Sect io n s , n o s in g le mo d el o f arg u men t at io n alig n s w it h all t h e ep is t emic p ro ces s es in s cien ce2 – 6

t h at are relev an t t o fu n ct io n al s cien t ific lit eracy . NOS ed u cat io n w o u ld b e in co mp let e if it relied w h o lly o n s u ch

mo d els . I n p art icu lar, t h e co mmo n p lace v iew s o f arg u men t at io n in s cien ce ed u cat io n (as s u mp t io n s lis t ed in Sec-

t io n 1 ) are d ecid ed ly p ro b lemat ic. I s s cien t ific arg u men t at io n rat io n al? I d eally , p erh ap s . I n p ract ice, n o t alw ay s .

C o g n it iv e b ias es in t ru d e (Sect io n 3 4). A t t h e s ame t ime, t h ere are co mp en s at in g mech an is ms (Sect io n ). I s s cien t ific

arg u men t emp irically b as ed ? Gen erally , y es (Sect io n 2 ). Bu t ju d g men t s o f cred ib ilit y o ft en d is p lace d irect relian ce

o n emp irical arg u men t s , fo r ep is t emically s o u n d reas o n s (Sect io n s 4 5an d ). No n exp ert s , es p ecially , are ep is t e-

mically d ep en d en t o n exp ert s , rely in g in s t ead o n t h eir cred ib ilit y t o kn o w an d in t erp ret all t h e relev an t d at a

(Sect io n 5 6) els e erro r can p ro liferat e in cu lt u ral s et t in g s (Sect io n— ). Mo reo v er, emp iricis m relies o n obs er v ati ons ,

m eas ur em ents , exp er i m ental dem ons tr ati ons exp er t s k i lls c om p etenc e, an d an d , elemen t s n o t fu lly emb o d ied in t h eir

lin g u is t ic co u n t erp art s in arg u men t (Sect io n s 2 5an d ). I s s cien t ific arg u men t at io n lo g ically s t ru ct u red ? Do es it

fo llo w u n iv ers al s t ru ct u res t h at t ran s cen d co n t ext ? I n t h e in fo rmal d is cu s s io n s in lab s , n o (Sect io n 2 ). I n fo rmal

p u b licat io n s , s o mew h at . Bu t t h e s t y le o f reas o n in g is h ig h ly co n t ext d ep en d en t an d t h e arg u men t s t y les mo s t

freq u en t ly p ro mo t ed as d is t in ct ly s cien t ific are h ig h ly co n t in g en t o n circu ms t an ces . A re p u b lis h ed s cien t ific“ ”

arg u men t s en d u rin g ? No . A rg u men t s p ro p o s ed b y o n e s cien t is t may co n t ain erro rs o r b ias es t h at are co rrect ed b y

o t h ers (Sect io n 4 ). Th e t en t at iv en es s o r p ro v is io n al NOS is w id ely ackn o w led g ed , b u t rarely co n s id ered at t h e“ ”

lev el o f in d iv id u al arg u men t s . Fin ally , are all s cien t ific arg u men t s h o n es t ? W it h in a s cien t ific co mmu n it y , mo s t ly (t h e

frau d t h at d o es emerg e is t y p ically s o o n d is cred it ed ). I n t h e p u b lic s p h ere, h o w ev er (w h ere arg u men t s are mo s t

imp o rt an t fo r SSI s an d s cien t ific lit eracy ), d ecep t io n an d co n art is t ry cu rren t ly flo u ris h (Sect io n 6 ). I n d eed , ex-

p ect in g an h o n es t (an d rat io n al) arg u men t can eas ily lead o n e d ramat ically as t ray . I n s h o rt , t h e s cien ce ed u cat o rs '

as s u mp t io n s ab o u t arg u men t at io n are n o t w ell ju s t ified an d may , in d eed , p ro v e g reat ly mis lead in g in a co n t ext o f

s u p p o rt in g fu n ct io n al s cien t ific lit eracy . Ult imat ely , is p ro ficien cy in arg u men t at io n s u fficien t fo r in t ellect u al in -

d ep en d en ce? No . Th e med iat io n o f exp ert kn o w led g e mean s relian ce o n o t h ers (ep is t emic d ep en d en ce; Sect io n 5 )

an d o n ju d g men t s o f w h o t o t ru s t , n o t w h at t o t ru s t (Sect io n s 5 6an d ).

Th e ed u cat o rs ' as s u mp t io n s (Sect io n 1 ) t en d t o reflect t h e lo n g h erit ag e o f rat io n alis t p h ilo s o p h y . Ho w ev er, in

t h e p as t h alf cen t u ry , s t u d ies in t h e h is t o ry , s o cio lo g y , an d co g n it iv e d imen s io n s o f s cien ce h av e y ield ed a q u it e

d ifferen t imag e o f s cien ce in p ract ice. Th e alt ern at iv e v iew s in ed u cat io n may p erh ap s b es t b e ch aract erized b y
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v iew s o f NOS (A llch in , ): is it h o w s cien t is t s act u ally ach iev e t h eir res u lt s , o r h o w t h ey s h o u ld ach iev e t h em?2 0 0 4 b “ ”

So , t o o , p erh ap s , fo r s cien ce ed u cat o rs ' v iew s o f t h e ro le o f n o rmat iv e v ers u s d es crip t iv e framew o rks o f

arg u men t at io n .

I n res p o n s e t o t h e n o rmat iv e/ d es crip t iv e t en s io n , man y p h ilo s o p h ers h av e (as n o t ed in Sect io n 3 ) d ev elo p ed

a mo re p rag mat ic, q u alified , an d h u man ap p ro ach t o n o rmat iv it y : a (e.g ., Bech t el &“ ” natur ali z ed ep i s tem ology

R ich ard s o n , 1 9 9 3 1 9 9 3 2 0 0 7 4; C alleb au t , ; W ims at t , ). A t t h e s ame t ime (as n o t ed in Sect io n ), man y s o cio lo g is t s

h av e mo v ed fro m d es crip t iv e o r crit ical acco u n t s t o mo re n o rmat iv e o n es in fo rmed b y t h eir s t u d ies (Bo u rd ieu ,

1 9 7 5 1 9 8 8 1 9 7 3; Hu ll, ; Mert o n , ). A s a res u lt , o n e can n o t co n t en d t h at o n ly p h ilo s o p h ers (n amely , r ati onali s t

p h ilo s o p h ers ) d efen d g o o d s cien ce t h ro u g h p ro mo t in g cert ain v iew s o f arg u men t , s ay w h ile s o cio lo g is t s p ro -“ ” — —

mo t e o n ly relat iv is m an d an t is cien ce, b y crit iq u in g an d reject in g t h e t rad it io n al n o rms o f arg u men t . Ph ilo s o p h ers d o

n o t alig n s t rict ly w it h n o rmat iv e v alu es . No r d o s o cio lo g is t s ad h ere o n ly t o d es crip t iv e v alu es . Ult imat ely , b o t h

ap p ro ach es b o t h n o rmat iv e an d d es crip t iv e, p h ilo s o p h ical, an d s o cio lo g ical s eem imp o rt an t fo r in fo rmin g s t u -— —

d en t s ab o u t t h e n at u re o f s cien ce. Th e o n ly majo r cav eat is t h at , w it h o u t ap p ro p riat e co n t ext u alizat io n o r“ ”

q u alificat io n , eit h er mo d el (n o rmat iv e d es crip t iv e) may b e eas ily in t erp ret ed as an d mis t aken fo r t h e o t h er.or — —

On e mig h t w ell imag in e t h at t h e flaw s o f t h e h is t o rical rat io n alis t mo d els can b e amelio rat ed t o main t ain a p re“ 

emin en t ro le fo r arg u men t at io n . Namely , o n e may mit ig at e t h e limit at io n s o f t h e rat io n alis t 's as s u mp t io n s b y”

ad o p t in g a family o f mo d els familiar t o s ch o lars in arg u men t at io n s t u d ies (Bricker & Bell, 2 0 0 8 ; v an E emeren ,

et al., 2 0 1 4 ): s o me in fo rmal, s o me d ialect ic, s o me mu lt iag en t , s o me rh et o rical. W h ile cu rren t ly s carce in s cien ce

ed u cat io n , s u ch a s u it e o f mo d els co u ld ad d res s a larg er rep ert o ire o f ep is t emic p ract ices . Th at is , co n cern fo r real

s cien t ific p ract ice co u ld o p en a mo re p lu ralis t ic an d flu id ap p ro ach t o arg u men t , n eit h er fo rmu laic n o r alg o rit h mic.

Ho w ev er, n o s in g le mo d el alo n e w o u ld s u ffice. On e w o u ld n eed a s et o f d iv erg en t (an d p erh ap s mild ly in -

co mmen s u rab le) ap p ro ach es . On e w o u ld cert ain ly lo s e t h e o n e s ize fit s all ap p ro ach an d t h e v irt u es o f co n cep t u al  

eco n o my t h at s eem s o at t ract iv e t o t h o s e w h o ad v o cat e fo r t h e eleg an t cen t ralit y an d p riv ileg ed s t rat eg y o f“ ” “ ”

arg u men t at io n .

E v en s o, o n e may ju s t ifiab ly p au s e b efo re fo cu s in g exclu s iv ely o n arg u men t as t h e co re o f NOS. Th e ch ief“ ”

co n cern is t h at s t u d en t s w ill mis t ake arg u men t fo r s cien ce. A s n o t ed b y Man z ( 2 0 1 5 ), mo d el arg u men t s ch ema can

b e eas ily b u t in ap p ro p riat ely reified as t h e w h o le ep is t emic p ro ces s . A s reflect ed in man y clas s ro o m w o rks h eet s

(w h et h er ru b rics fo r ev alu at in g arg u men t s o r g u id es fo r crit ical t h in kin g o r med ia lit eracy exercis es ), s t u d en t s are

t y p ically h ab it u at ed in t o fo cu s in g o n t h e arg u men t alo n e. Th ey are n o t in v it ed t o co n s id er it s s o cial co n t ext o r

arg u men t at iv e mean in g s . Namely , is t h e arg u men t mad e fro m a p o s it io n o f exp ert is e? W h at is t h e au t h o r's d ep t h o f

exp erien ce? W h o h as fu n d ed t h e w o rk? I s t h ere a co n flict o f in t eres t ? I s t h e ev id en ce g en erat ed t h ro u g h t ech n ical

exp ert is e? A re t h e claims p eer rev iew ed an d fu lly v et t ed b y a d iv ers e co mmu n it y ? I s t h is arg u men t in t en d ed t o

reflect a s cien t ific co n s en s u s , an d w h at is t h e ev id en ce fo r t h at ? I s t h e w rit er a cred ib le s p o kes p ers o n ? I n s t ead ,

s t u d en t s are t y p ically d irect ed t o fo cu s o n t h e d at a (as g iv en ), t h e w arran t s an d t h e b ackin g , an d w h et h er t h ey are

merely co n s is t en t w it h t h e claims . Bu t a w ell arg u men t is n o t n eces s arily a w ell arg u men t . Th ef or m ed i nf or m ed

ep is t emic d an g er, u lt imat ely , is t h at t h e w o u ld b e s cien t ifically lit erat e cit izen mis t akes t h e fo rmer fo r t h e lat t er. A s

n o t ed in Sect io n s 2 6– , t h ere is co n s id erab ly mo re t o t h e reliab ilit y o f s cien t ific claims t h an a g o o d arg u men t .“ ”

St u d en t s may t h u s mas t er t h e art o f arg u men t at io n (co mp o s in g an d / o r crit iq u in g arg u men t s ), w it h o u t fu lly

u n d ers t an d in g t h e ep is t emics o f s cien ce a s u p erficial p erfo rman ce t h at Berlan d an d Hammer (— 2 0 1 2 ) ju s t ly d u b b ed

“ ”p s eu d o arg u men t at io n (s ee als o McNeill, et al., 2 0 1 8 ). A n ap p aren t ly g o o d arg u men t n eed n o t d emo n s t rat e“ ”

d ep t h o r b read t h o f NOS u n d ers t an d in g . A fo cu s o n arg u men t s t y p ically en co u rag es reas o n in g aimed at p ers u as io n ,

rat h er t h an at d ecip h erin g o r in t erp ret in g d at a, ev en w it h res p ect t o a t h eo ret ical b en ch mark. Do s t u d en t s reach

co n clu s io n s b as ed o n t h e ev id en ce (L at o u r's s cien ce in t h e makin g ), o r d o t h ey co mp ile t h e ev id en ce o n t h e b as is“    ”

o f p refo rmed ju d g men t s (rat io n al reco n s t ru ct io n )? C o g n it iv e s cien ce remin d s u s t h at o u r min d s t en d t o mo re
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p ro ces s o f t h in kin g t h ro u g h co n t rary ev id en ce (Sect io n ). I n d eed , res earch in d icat es t h at co llab o rat iv e ep is t emic4

ap p ro ach es , exp licit ly framed as aimin g t o d ev elo p a crit ical co n s en s u s (rat h er t h an t o p ers u ad e p eers ), p ro v e mo re

effect iv e in ach iev in g in t eg rat iv e u n d ers t an d in g (Berlan d & Hammer, 2 0 1 2 2 0 1 3; E v ag o ro u & Os b o rn e, ; Felt o n ,

Garcia Mila, V illarro el, & Gilab ert , 2 0 1 5 2 0 1 2; R y u & San d o v al, ). Th e an t id o t e t o ep is t emic d ep en d en ce (an d

ep is t emic h u b ris ) is ep is t emic h u milit y , res p ect fo r crit icis m an d exp ert is e, an d an u n d ers t an d in g o f t h e co n t ext s

an d limit s o f rat io n alis t s t y le arg u men t s .

Hav in g art icu lat ed t h e ab s t ract relat io n s h ip b et w een arg u men t at io n an d ep is t emics , it may b e ap p ro p riat e fo r

a few co mmen t s o n p o s s ib le imp licat io n s fo r clas s ro o m in s t ru ct io n . Firs t , s cien ce t each ers s h o u ld fo cu s p rimarily o n

t h e b ro ad ran g e o f ep is t emic p ract ices ( h o w d o w e kn o w ? ), n o t arg u men t at io n exclu s iv ely . A lt h o u g h arg u -“ ”

men t at io n act iv it ies may h elp h ig h lig h t cert ain ep is t emic is s u es , p erfo rman ce in s u ch act iv it ies s h o u ld n o t b e u s ed

as a s u rro g at e fo r t h e mo re fo u n d at io n al ep is t emic u n d ers t an d in g . Th e t h eme o f kn o w led g e g en erat io n an d v ali-

d at io n s h o u ld t h u s alw ay s p rev ail o v er ad h eren ce t o an y p art icu lar p res crib ed fo rm o r s ch eme o f arg u men t .

A s s es s men t o f s t u d en t u n d ers t an d in g s h o u ld fo cu s o n ep is t emics an d ju s t ificat o ry p ract ices , n o t o n fo rmal

“ ”arg u men t s . St u d en t s s h o u ld n o t co n cep t u alize arg u men t as eq u iv alen t t o t h e co n s t ru ct io n o f s cien t ific kn o w led g e.

Seco n d , if arg u men t at io n mo d els are u s ed t o h elp s caffo ld ep is t emic co n cep t s , t each ers s h o u ld en g ag e mu lt ip le

mo d els in mu lt ip le co n t ext s . I n p art icu lar, t h e s o cial d imen s io n s an d t h e t h o ro u g h en g ag emen t w it h co u n t er-

ev id en ce o r co u n t erarg u men t s (o r o p p o s it io n al v o ice, w it h s u b s eq u en t d o cu men t ed co n cep t u al ch an g e) are es -“ ”

s en t ial t o av o id rein fo rcin g t h e n at iv e t en d en cies o f co n firmat io n b ias an d rat io n alizat io n , w h ich are eas ily d is g u is ed

an d ap p aren t ly leg it imized b y ap p eals t o t h e s t an d ard s o f rat io n al arg u men t at io n . A cco rd in g ly , ed u cat io n al

d o cu men t s an d d is co u rs e s h o u ld , as a mat t er o f co u rs e, n o lo n g er u s e t h e u n q u alified lab el , an dar gum entati on

in s t ead u s e s u ch t erms as ,c ollabor ati v e ar gum entati on, di alec ti c s di alogi c ar gum entati on, o r ep i s tem i c di s c our s e

(Evagorou & Osborne, 2013). Third, in the explicit reflection that accompanies the consolidation of constructiviststyled

lessons, students should identify the specific reasons and/or evidence ( arguments“ ”) that mattered, and articulate how

these elements contributed to their changing or modifying their original views or preconceptions. Ideally, they will also be

guided to consider how this analysis supports their ability to learn in t he future. Collectively, these classroom practices will

help shift the emphasis from argumentation back to heterogeneous epistemic practices.

Th e q u es t io n may s u rely aris e h o w b es t t o co n s t ru ct cu rricu la t o t each t h es e ep is t emic p ract ices o r t o in -

s t an t iat e ep is t emic cu lt u res in t h e clas s ro o m, in lieu o f a p riv ileg ed fo cu s o n arg u men t o r arg u men t at io n

(Fo rd , 2 0 1 2 2 0 1 5; Man z, ). Mo s t ap p ro ach es t o s cien t ific p ract ices n o w fo cu s o n s t u d en t led in q u iry . I f s o , t h en“ ” 

rat h er t h an g iv e s t u d en t s p rep ared mo d el arg u men t s , t each ers s h o u ld in v it e t h em t o d elv e in t o t h e n at u re o f

“ ”p ro o f, exp lo re t h e v ery co n cep t s o f ev id en ce, d is ag reemen t , an d res o lu t io n . Pro v id e t h em t h e o p p o rt u n it y t o

c ons tr uc t on thei r own theyw h at co n s id er t o b e t h e fu n d amen t als o f an effect iv e ju s t ificat io n , o r arg u men t . (i.e.,“ ”

ep is t emic p ro ces s es in clu d in g arg u men t at io n s h o u ld b e p ro b lemat ized an d t au g h t v ia co n s t ru ct iv is t p at t ern s an d— —

o p en en d ed q u es t io n s ; e.g ., Z emp lén , 2 0 0 9 .) Th ere is als o s u b s t an t ial v alu e in h is t o rical an d co n t emp o rary cas es ,

w h ere s t u d en t s fo llo w t h e fo o t s t ep s o f s cien t is t s in an au t h en t ic man n er (A llch in , A n d ers en , & Niels en , 2 0 1 4 ;

L eu n g , fo rt h co min g ). W h en s u ch cas es are (re)framed in an in q u iry mo d e, w it h rich ly co n t ext u alized p ro b lems ,

s t u d en t s g ain t h e o p p o rt u n it y p art icip at e v icario u s ly in s elect ed as p ect s o f t h e ep is t emic en t erp ris e

(A llch in , 2 0 1 9 a). Su ch cas es , ap p ro p riat ely d es ig n ed o r ad ap t ed , p ro v id e in s ig h t in t o t h e au t h en t ic p ract ices o f

s cien t is t s , at a s cale an d co g n it iv e lev el acces s ib le t o s t u d en t s (A llch in , 2 0 1 2 a 2 0 1 9 b, ; Hag en , A llch in , & Sin g er,

1 9 9 6 ). Su ch act iv it ies are akin t o learn in g t h ro u g h ap p ren t ices h ip . I n s t ru ct o rs may p o s s ib ly s caffo ld learn in g b y

o fferin g p o t en t ial mo d els : arg u men t s t ru ct u res , d emo n s t rat io n s o f lab t ech n iq u es , erro r ch ecklis t s , o r in t erp ers o n al

d is cu rs iv e s t rat eg ies . A t t h e s ame t ime, it s eems eq u ally ap p ro p riat e t o ap p ro ach ep is t emic (NOS) learn in g fro m

familiar co n s t ru ct iv is t p ed ag o g ical p ers p ect iv es , an d t o en co u rag e exp licit reflect io n , s eed ed w it h n o mo re t h an t h e

co re t h emat ic q u es t io n s , h o w d o w e kn o w ? an d h o w can w e b e s u re?“ ” “ ”
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en g ag in g in ev id en ce b as ed d is co u rs e. W h at s eems p ro b lemat ic, h o w ev er, is an u n d u e o r exclu s iv e fo cu s o n

arg u men t at io n , w h ich t en d s t o eclip s e t h e w id er rep ert o ire o f eq u ally imp o rt an t ep is t emic p ract ices in s cien ce. To

b eco me s cien t ifically lit erat e cit izen s o r co n s u mers , s t u d en t s n eed t o b e in fo rmed ab o u t W h o le Scien ce, fro m t es t“

t u b es t o Yo u Tu b e,” “ fro m lab b o o ks t o Faceb o o k,” “fro m field s it e t o w eb s it e (A llch in ,” 2 0 1 3 b ). Th at in clu d es t h e

mat erial ro le o f in s t ru men t s , res o u rces an d lab o rat o ry p ract ices (Sect io n 2 ), t h e co g n it iv e p ro ces s es t h at b ias

arg u men t s (Sect io n 3 4), t h e s o cial co n t ext s o f s cien t is t s an d t h eir d is co u rs e (Sect io n ), t h e ep is t emic ch allen g es o f

s cien ce co mmu n icat io n an d t h e med iat io n o f exp ert kn o w led g e (Sect io n 5 ) an d , fin ally , effo rt s t o imit at e (an d

illeg it imat ely d raw au t h o rit y fro m) s cien ce (Sect io n 6 ). I n s h o rt , w h ile NOS in s t ru ct io n s h o u ld d efin it ely in clu d e

arg u men t as a co mp o n en t o f s cien ce, it s h o u ld als o reflect it s v ery limit ed ro le in t h e larg er co n t ext o f ep is t emic

p ract ices .
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