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Abistiact *

Thinty-theee 71h-giade mixed-ability sidents anid 22 Hib-grade honors siulemts were in.
leeviewed alyoul their concepilons of models and their use in sefence. 1 hree sualyses nre presented
{n oadler to: (1) pottiay the chacacler of stwdents” spontaucous answers; (2) exnmine the criteris
students use 1o deelde whether specific Items ae madels or not; and (V) describe how diffesent
general levels of understanding wodels reflect dilicren cpistemalogical viewpylnts, Four expeis
were alsy Interviewed for purpnses af comparisan. We fonul that studerits In both groups linve

ennceplions of madcls that aig basicaily consisieid witlh a naive realise cpistemolngy. Thus, they

are moue likely to think of models as physieal copies of reafity that cinbanly different spatiotemparal

pesspectives thae as eomstructed iepesentations thal may rml:mly_lliﬂ'mcul theoreticnl perspectives,

As stident lidens beeome ate saphisticated, however, they iereasingly Inchude the fact tha
mudels ave designed for pattieular purposes, especinlly 1o hiclp communiention. All ol our exper

diawing » distincilon between abstract
and physicat madels amd arficulatlng ways that mudels are wsed for the cunstiuetun aiid festing

ol ldens. Owr findings sogpest that stndents seed more experience using models ss Intellecish
tunls, mare experience witl mededs that pravide contenstlng concepiun] views of phenomena

andd mate liscussions of the rales of mwlels in the service of scientifie Muly,

Madels of natral phenomenn and thewrelical constnrcts hinve been widely use

as dustructional tools In scicnce eduention. Picires of atoms, erpimions descriling the

ielationship belween mnss and geavity, and snnp wpelher plastic represeitntlons o
anatomical systems aie just a few caamples of nmiodels found In middle and high schua
scicnee classryoms. [Litle s konown, however, abiout how the stidents In these differen
classes concepiuatize the nature of models, ¢.g.. whit mudels are for, how and by
whom they nre maile, under what conditions (if any} they shonid he changed, whetlie

or not there ean be ultiple models Tor the same thing, aned whnt madels nciunils
tepresend,

In this article, we describe what we have leared abour student conge,
modeis and their use in scienc& from our clinical interviews with two ET0UDS of studepys.
33 mixed-ability 7th graders and 22 Lith graders from an honors clasg, We hays
analyzed their responses in thres ways, First, we present students’ typical answers
specific questions about models. Second, we examine the students’ critetia for deciding
whether cenain physical items could be called medels or not and the consistency with
which these criteria were applied. Third. we present an analysis of what the Students'
answers reveal about their underlying epistemologies of science,

Four adults who wers considered €xperts on scientfic models were alsg interviewe,
"Expert answers were analyzed in order to inform our assessment of the strengm of
the interview, our evaluation of the potentiai and limitations inherent in the
ideas, and our recommendarians for classroom practices that could further
understanding of models and their use in the inquiry process.

Plions of

Students*
shudents-

Students” Thinking about the Nature of Science

There is increasing recognition in the science education communiry thar studens
frequently come to science class not only with naive theories about the patticutar
subject mater they are studying, but also with naive epistemologies, and that students
must make changes in their naive cpistemologies if they are to understand the scientiszs’
specific theories (ses e.g., Champagne, Gunstone, & Klopier, 1985; Roth, 1984; E.
Smith, 1987; Snir, Smith, & Grosslight, 1988). At present more work has gone inle
characterizing students’ naive theories about mechanics, mater, heat, etc.. than inw

characterizing their underlying epistemologies of science. Thus, a centrai goal of our -

work is to understand how different ‘groups of students think about the nature of
scientific knowledge and how ir is acquired.

Although the literature on children's naive epistemologies of science is meager,
there is a considerabie literamure on the development of children’s theories of mind
(¢.g., see Astington, Harris, & Olson, 1988) and. children theories of knowledge (e.z..
Broughton, 1978; Chandler, 1987; Kitchener & King, 1981; King, Kitchener, Davison,
Parker, & Wood, 1983; Perrv, 1970; Wimmer, Hogrefe, & Pemner, 1988) using 2
diverse range of data collection methods. .

Chandler (1987) argues that preschool children are naive realists conceming their
personal knowledgz of reality. For them, knowledgs consists of a series of discrets
facts which can be immediately and unprobiematically -apprenended by being in the
right place at the right time., Knowledge thus-originates with and is detsrmined by
one's percepiual experiences. During the elementary schoo! vears, smdents elaboraic
on but essentially maincain an inherently naive realist ¢pistemolagy. Students becoms
increasingly aware that “the complete story is not always automatically apparent, that
partial facts contain partial truths, and that persons are fuliy knowledgeable anly when
fully informed™ (Chandler, p. 147). They are sull realists in the sense that the only

. impediments to knowledge acquisition are “scenic rather than personal in characer

(p. 147). With the onset of adolescence, however, 2 fundamental shift in childl.'cn's
epistemology becomes evident, According to Chandler, adolescents become mcrmsmgl?
aware of the personally constructed nawre of meanings, a shift that begins to undermine
their belief in absolute quth and objective reality. Thus, they begin to develop more
relativist epistemologies, with no objective criteria to support a ehoice between one
world view and another. “The price. of all this new-found uncertzinty is generic doudt,
not the kind of mundane, case-specific doubt of middle childhood. but a wholesale,
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ndental kind of doubt that threatens to_a.npihilaw fh‘ wholc of onc’s sys:cm‘c:sf
peliefs” {p- 150). Chandler concluded by identifying a variery of moves thar adlo'lesccT )
d adults may make to cope with this doubt: dogmatism, skepticism, or (ultimately
o veptical rationalism and commiment in the face of doubt.

of:er researchers (Kitchener & King, 1981; King et al., 7l983'. Parry, ‘1?70)
claborate similar epistemological progressions (ccmmiqncnt 10 absolutc_cmm. -rc}au\rlsm.
and the rerurn to belief in knowledge in a reladvistic world)'\frher'n interpreting how
rudeats confront the competing knowledge ciaims of authorities in pan.mula.r fieids
:i ¢., science, history, religion, literature, the .arrs). Pfﬂ"r}"s‘v.rofk also.lmphc?s th;:
ct;llegc students may hold different epistemological posmqus in dlﬁe_re‘m don'u-}u'ls.lh

neral, the researchers claim that students make the shift to relativism during the
f:;ly college years as the result of specific educational experiences. - y

Thus. the literature is in rough agreement on the sequence of moves children an
or smdents make in developing their epistemologies. There is less agreement on the
ages at which some of these shifis are made and the tl'ac:o'rs that ca.use them (c'.g.,
representational abilities emerging in adolescance or 2 unversity ;ducauon). Wc' believe
further work should not sirnply assume that smudents’ cpistcmolng_les.l dcvelop. unﬂam:ally
across domains. Further research should attend to idensifying variations and interacrions
i i i ss different domains. :

’ St;t::q\:::zn;:kg:y?g:ms, Honda, Jay, and Unger (1989) investigated seventh-
grade students’ epistemology of science and whether rhe.smdcm.s could 'bc cnco'umgcd
to articulate a more sophisticated epistemoiogy following an innovative cumc.ulum
unit. Carey et al. questioned seventh graders about their gcnarg! conceptions of science
(what scientists do, what the purpose of science is, hc?w scientists leam about thel
world), and their results suggest that, prior to insu'ucu?n‘ _sevemhlgradcrs are st
within the grips of naive realism when thinking about scientific knos?lcdgc: scrcnus:s
leamn by observing the world, and knowledge is ﬁmda.mcpg.lly aset of directly observable
faces. Although smdents made progress in defining and distinguishing bctv:recr-x h;{pUlth:S
and dartz as a result of instriction and could ses how ideas were u?stled in ilmucd' ways
by experiments, they still did not espouse a sophisticated constructivist v1c:v of science,
That is, they did not see the goal of sciencs as thf. construcuonlof ever dccpc;
explanations of the naral world™ (p. 521), or appreciate hO\T«I theocies are develope
and changed through cycli¢ and cumujative processes of testing and revision. '

An expert view might be that science involves, in large pan..:hc construction,
application. verificarion. and revision of theoretical mndels.. Indeed, in a recent article,
Gilbert (1991) suggested that it would be neipiul for science education to proccctl:&
from a definition of science as a “process of constructing predictive conceprual quels
{(p- 73). An unexplored question is whether smdents may reveal more s-ophlsucatcd
understandings of science when questioned about the nature of rqodcls. Gl]b&l:t (19%1)
claimed that :.-ollcgc' sttdents appreciate the constructed “artificial™ natre of modc'ls
before they realize the constructed “artificial™ natre of scientific knqwiedgc. He th
not, hOWc;cr. probe smudents with clinical interviews. (We also question his cquating
knowledge as “artificial™ with knowledge as “constucted.™) In the prescm_ study, we
interview seventh-grade smudents to explore their conceptions of medels in orde:r 10
probe stwdents’ epistemology of science in a way that complements the interviews
conducted by Carey et al. : ) .

Ancther question left unanswered by Carey’s work concems the typlca.! c'p:s:;
mological views of other groups., Carey assumes that scientists .hc?ld sophlsucal .
comstructivist conceptions of knowledge in their field. However, it is unclear whic

features of constructivism are most cenal to their views or whether these views are
also held by different groups of students. Thus, we questioned a group of experts and
a group of 1 1th-grade honors science students to probe for mors sophisticared constructivisg
conceptions than we axpected to find among Tth-grade students.

Teaching with Models

With the growing interest in developing curricula to facilitare concepual change,
there is increased anention to spidents’ meneal representations of the phenomena presented
to them in sciénce classes and interest in developing innovative pedagogic models
across the science curricula o help students understand the sciencists’ ways of con-
ceptualizing phenomena. In particular, with the advent of the microcomputer, researchers

" have begun to explore the pedagogical potential of dynamic microcompuier-based

simulations, with several groups paying particular anention to the design and application
of models which provide explicit representations for scientific concepts and their
relations (e.g., White & Horwitz, [987; Wiser, Kipman, & Haikiadakis, 1988; Snir
et al., 1988). '

In developing these curricula, some investigators (e.g.. Snir er al., [988) have
talked explicitly with smdents about the nature of models and have hypothesized that
enriching students' concsptions of the natre of models may facilitate student leaming
from models. Based on anecdotaj reports, Smith (1984) sugoested that students interpret
modeis too literally, leading to students’ misassimilation of these models. However,
to test such hypotheses one needs to develop 2 way of assessing student’s general
conceptions of modets. Specific studies are also needed to determine whether studenis
have systematic conceprions about models, whether there are differences in smudents’
conceprions about medels in different populations, and ultimarely, whether the namre
of their conesptions has an impact on how they leamn from 2 modeling curriculum.

Merthod

The present exploratory smdy assessed smdents' understanding of modeals and
their use in science. Thres types of analysis wers complet=d in order to (a) caprre
the range and character of stdents' Spontaneous answers [0 our specific questions,
{b) investigare the consistency with which students use varjous criteria for describing
what models are, and (c) develop and justify 2 scoring scheme describing different
levels of students’ understandings of models, which reflact different epistemological
viewpoints. After the coding schemes wers developed, the experts were interviewed

for comparison. The experts could be scored using our coding schemes and interesting
student/expert similarities and differences were apparent.

Subjects

Two populations of students participated in this stdy: 33 7th-grade students
(sampled across the range of abilicy levels in the school) and 22 |lth-grade smdents

{in an honors science class). Both groups were from middle-class suburbs of Boston. .

The 7th graders anended the same schaol as the 7th graders in the Carey et al. study.
The four aduit experts are a science museum director, a high school physics teacher
who regularly uses models in class, 2 professor of engineering and education, and a
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researcher whose main interest lies in the domain of thinking and representations.
Three arc from the Boston area and one is from the San Francisco area. |

The [nrerview
A clinical interview was developed, piloted, and revised 1o elicit students’ inirial
understanding of models. Our questions were developed through brainstorming sessions
influenced by Carey’s work and our own work (see e.g., Smith, Snir, & Grosstight.
in press) developing conceptual models for teaching specific conteat. The interview
began by asking students briefly about the nature and purpose of science. These
qu;.stions helped set the tone of the interview, but were not elaborate enough to merit
coding. Students were then asked an extensive series of questions about models such
as: “What comes to mind when you hear the word ‘model'? Are thers diffarent kinds
of models? What are models for? Can you use models in science? What do you have
to think about when making a model? Do you think scientists would ever have more
than one mode! for the same thing? Would a scientist aver change 2 model”" The
interviewers probed student answers further with follow-up questions such as, “Could
you give an example? How would that happen?” Thus. the interview was designed to
elicit both the student’s general conception of the term “mode!™ as well as the studenc's
specific conception of how models might be used in science. [n addition, fairly earty
in the interview, four physical items (a toy airplans, a subway map, 2 picture of a
house, and 2 schematic diagram of the water cycle which was taken from a middle
schooal science extbook) were presented and the students were asked to explain whether
they thought these could or could not be cailed models. Two of these (the subway
map and diagram of the warer cycle) were a more schematic type of model than
' smdents tended to think of themselves, yet most students readily regarded them as
‘models. We introduced these specific examples for their reflection and asked them to
geserate specific examples of scientific models before we asked them the general
questions about designing models, using multiple models in sciencs, and changing

models in sciencs.

Development of the Scoring Systems

After a preliminary review of a sample of these interviews, three coding schemes
for analyzing the data were developed. The first coding scheme. built a data base of
the kinds of responses students gave to various questions. The second cpding scheme
capured students’ explicit criteria’ for deciding whether particular physical items could
be called models or not. The third coding scheme categorized students’ general un-
derstanding of models as related to epistemological viewpaints,

Our scoring procsdure was not imposed a priori on the data, but emerged from
2 detailed analysis of the types of things smdents said in the clinical interviews. When
deveioping the third coding scheme, we gied to sce if the thres general levels thac
emerged from the Carey et al. study had parallels in the case of understanding modeis.
In so doing, the consmuction of first- and second-level understandings emerged clearly
from the student data; however, we feit it necessary (o extrapolate beyond the range
of student responses to construct the third level of understanding. As reported below,
the expert responses further justify our description of level 3 uoderstanding.

..
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Analysis of S, tudens Responses

" "E‘he purpose ol_’ this analysis is 10 present the types of responses students gave g |
& merview questions and to compare the responses of our rwo groups of smdens,

Be i =sent
c:lalsc:ztusedti-;:: I7lth graders in our sample represent a more homogeneous honors science |
5 and the 7th graders a broader Spectrum of science classes, one cannor necessarily

conclude thar the group differeness are strictly age related.

Tables 1 -6 summarize the range of answers coded in the data basa. In the sections °

that follow, we summarize the main trends that emerged from the data base analysis

or ozbs‘u'act entities (e_g., mathematieal or theoreticzl models). While the “things™ being
modeled were of a very concrate nature (even an “idea” was usually limited to an ides

Were more apt o talk ai?out "wo-dimensional visual models such as drawings diagrams
l1:"1'1a.ps;..eu:d computer dlspi.ays. A good proportion of bath groups’ describ:d. models a;
eing just hlfc the real thing bur differenc in scale; hqwever, the honors 11th grade
were more likety to raik explicitly about thig rclatidhship. In neither grade z'd thrS
students Spontaneously mention the role of the modeier very often ) e
“WhTable 2. Purpose of models. Table 2 summarizes smdenrs* a.nsw;rs to the questions:
p at are models f_or? %at is the purpose of models? What can you do with a model‘.;
an you use thcrr.l in science?" Responses from both groups touched on a wide ran
of purposes including obmaﬁon. communication, leaming and understanding, | Vidis :
rcferenc_cs and examples, making things clear and accessible, making and' gt:i,}din ;
am‘i testing. However, differences berween the groups were a both | ’
articulation 4nd area of focus, T PP bat I terms of

Apprnxvlmarc!y t.la.lf of both groups sajd thar models were for showing an object
(c.g., what it looks like), The groups then diverged with the mixed-apility 7th ml.‘{ers
saying that the purpose of models was 1o give you an example or dem::nsua_l:ioﬁ of
what something is or does, and that models were basically fm; looking ac and playing

wi
o l=tlth In conwast, many honors 11th graders thought the pupose of models was to
- I6P Someone understand and to teach, as wel] 2s 10 mazke things more accassible or

time, or view of the referent. :

o thTa.iu'e-.i': D'e.:l'gm'ng and crearing models, Table 3 summarizes students’ answers
& Hucsuon. en making a model, what do you have o keep in mind or think

about?” Both groups felt that one would have to think about “the rea thing” and oy

to make the mode! as closa as pussibie to the axaot size, shape, and prooorrgion of the




UNDERSTANDING MODELS

Table |
Classification of Student Answers 1o Questions abowt Kinds of Models
Percentage of students
Mixed 7th Honors 11th
Classification ‘ =133 (v=22)
Exampies of modeis
() Objects and people h _ 97 95
Fashion models  -Toy models
Living models  -Replicas
Roie models . Architectural modeis -
(2) Visual models (on paper; computer) . 30 68
“ Picures or Drawings (2D; 3D)
Diagrams Blueprints
Graph Map _
(3) Verbal 12 4]
Example (instructions) ' '
{4) Abstract ' 3 14
[dea Representation : :
Theoretical model Mathematical model .
Type of thing modeled
(1) Objects o .9 86
Clothes Buildings
Airpianes
'{2) Abstractions ‘ 9 5
{deal behavior
An idea (of how to build) .
A concepr or species (model of 2 frog. . .)
Relationship :
(1) Exactly alike 15 9
(2) Visually similar : 3 5
(3) Alike, except different scale : . 42 77
{4) Relationally similar (works the same) -~ 6 14
_ Awarcness of modeler (meations modeler spontanecusly
in describing models) o 12 5
Other ' 0 5
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,{ .{:aglgzthxggnélthugghmns-;was:':thc- most- popuiar: response for the -mixed-ability Tth - £
geaders,sthe: most: popular: response- for ‘the” honors 11th graders. was that’ the:model;} =k 7 o - P, T ;
5 :sho utld:beunderstandable to. yourself and/or others: Here again. the honors 11th'graders - E i -] e = s Nee E- o
.de:ﬁdﬁs't:gie"a’]greatef.;y'xﬁiici:-'conczm with the communicative capabilities of modes. o REE PR ‘
Notionlywere honors?I'1th* graders far more inclined to talk about the importance of g j g2
Z;*’mqqlq_fﬁeﬁing understandablé,.they were also beginning to be aware of some general .. 2] 1 53
‘eriteria’for:model making (elg., validity and simplicity). " PR =a - | &%
AT, LE . . , . ; o o ™ oo w e ;e = &
it Table 4. Designing and creating models (continued). Tabie 4 summarizes smdents' - . EL - = = ="
‘angwers ‘to the questions: “How close: does a model have to. be to the thing itself? 3 2 i
How do you know what's important to include? About half of both groups thought b ‘ 23
that the model should be exact, smaller. or proportional to the real thing and that one - H 1 S 25 - %" % ? _
decidesswhat fo include. by considering “basics and detils” or what is “major and 3 ., § = £ o g 3
-rhinor. "} Honars 11th graders wers more likely to elaborate on the meaning of “major [ Q = 2 i% -a s = §z
’;a.ndg;inor?’g in’terms of the importanee of “the main idea.” Three-quarters of the honorg K] -ff 3 = § 2 2 'Eu ca
L1th-graders thought that *what vou're talking about or working on” is important, ™~ ] 2 weid’ = s s o
#:whereas onty 15% of the mixed-ability 7th graders axplicitly referred to this sense of g £ Z 238 2 § 5% 23
purpose. The mixed-ability 7th graders talked mainly about including or scaling physical 3 = 5 g 5 g8 ot ; g &g
:  atributes and refiected less on why one would do this. ' | & < H z Ea ¥ i'ﬁn £ § <238 2s
""" Table 5} Changing @ model.. Table § summarizes students’ answers to the question: g = % «2 £ STE. E s 33 n e
.. ‘Would a scientist’ever change a model?” The overwhelming majority of students : g E 4 gz BEE. & -E %4 23 85
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Analysis of the Expert Responses e
The purpose of the analysis of expert responses was (0 .cm‘lﬁr_m Lha't sophxsncat‘:r .
wers could be elicited through the-interview and to gain insights into the majo

ans

imnilariti and srudent answers,
i ces and similarities among expert o an :
d;ﬁc‘r;t:l: answers expressed by the experts both coincided with some of the student

ases and, not surprisingly, contzined ideas which were altogether missing from

as

2 +
b interviews. The sheer volume of talk given by the expens was naticeably
o oo La k! oFT wn i = the student tnie . ipt, and an expert
T - ig differenc: 2 swdent interview averaged about 6 pages of transcript. .
! ) - : i t about
bl had chviously thoug
i i in length. The adults 3
o] intervisw averagec o l?oﬁilg; sas their professions required, and hence articulated
H V 1 . :'\
i many of our Guestions pre i i M ophisticated follow-up
§i any.ideas they had formulated before the interview. More sop low
23 -m v hus be (and were) ‘asked of the experts. However, none had been
o~ o N - oA - estions could thus be when
o 5 & a a éopy of the interview questions before hand, and there were umes
] ven j . ined.
N gpal rticular follow-up questions sparked some thoughts they had not previously emcna.lr:icd
55 Kinds of models. There was a striking difference between the expent and‘Sl: _cnc:
= g E 3 g , " ™ brings to mind 2n
e = z » 3 2 - responses when they were asked about what the word “model g i
H 7 i ERRA Sy whether they think there might be differeat types of models. All of the experts genel undh
n = ] . = _ 2 -] - : = K X S 3 dc s that
£ - g o= = F = 53 about types of models, in that they fell into two basic categones: Ph?S'Cal moc 1
5 g 2 88 2 o B ad i dled. and abstract models including mathemarical equations an
| : 5 25 & = 3 13 can be physically handiec. a7 ly 14% of the total student sample referred to
B 3 ; 32 2 § ¢ s < ! mental images. [n contrast, at mast only a'lalo £ them talked about the physical type
= 2 82 i g = F £ 33 any abstract models at ail, whereas virtualily all of the :
3 = ;. 2 s = " =
E a = 2 = g = £ dal ) . .
= 22 E g = aof model. .
£ T 5 2 s ] c; g 3 . ; E ; Purpose of models. The experts unanimously said that mt?d!=lsd¢=>ﬂsu=fii as al::
£33 w =5 5& = o = 33 . they reported that this understanding c
te 5 ot 25 8 , £ dine phenomena. Furthermore, they repo .
55 2 22 §5% & 3 3 £3 | loundersding P i i manipulating the model
% a C £ H _’;E% £ 3 5 33 be checked or verified by comparing th‘;‘dr““}ls obuained by P = :
£d FoEE 325> S8 % 2: ; ; i e real world.
25 59888 B22Z 83 3 3 ' ® 5 1o observations obtained in t.h . ) clearly to the use of models
£z S8z5 £3:% f35. 3 o None of the students articulated a2 view that points as Y e
38 2 é g8 % f 8% 2 é g ] 3 HH in helping the construction of scientific knowledge, although 2 fewfs\t;dent.s hda 113 ﬁa[;
= o == U e S 844 == 8 ] = . . . - - rcent of the mixed-abt
- S 25558 -ES§ g4 that sounded similar to pieces of the cxtpl)crt vdlcw. 'l;l:’r;;“icd O e et souid hely
B 3 2= g - 2 ers m
= S FT . S o I 7th graders and 14% of the hounors Il'l gr:o why something warks. Some of the
e E e RS A | You ndersiand and form an explanation- about why f leamning or understanding
= =8 > O 5z 7 36% ively) mentioned some aspect 0
3 ' smdents (27% and , MPOC‘U } _
H ] e e ;”htﬂ ::s T:a::;uon that one's understanding of phEnomcna can
- ng =
23 L S e e ican actual measurementss or
EN = E < |28 be tested by comparing the implications of the mo::ilc :::’ing e e e
L ) i - comm S ’
. i ' s, R e den e e asak' to testable designs of objects than
=2 accessible way. Any testable ideas are more akin to ¢ g ! !
£3. i c lations about the behavior of nawural phenomena. o
2y ] Nl tcsmabnlde b deis. All the experts agreed that a primary guideline
2 4 {21 creating models. e eXT o
=E Designing creatng models Two of the experts were very specific
- = = S lss for makirnig 2 model! is 1o consider its purpose. twa e deles desigm sould
i . £ i w the m
=3 about the kinds of purposes a modet might serve and ho

would be mediated by the
o, explanacion, recision, predictive power,
of mixed-ability 7th and
odel shouid be designed
re concerned

sug
consequently be affected. They : :
extent of ane's interest in soucrure, function, explanation, p

communicadon, andfor scope. In contrast, only 3% and 14%

i id that the m
' honors 1 1th graders (respectively) spoma.neou.sly_ sai
: with its purpose in mind. In general, mixed-abilicy 7th graders were mo

.
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with keeping the “real thing” in mind, and the honors Ulth graders with the madef's
being understandable. When pushed to explain how they would know what was importa
to include in a model, the honors-1 1th graders were more apt o consider the niodel's
purpose, whersas the mixed-ability 7th graders continued 1o be more focused oq
physical auributes and details of the real thing.

Multiple models for the same thing. All expens thought a scientist could have
more: than one model for the same thing because differant models could be used 1g
address different specific interests or questions abour the referent. (Most experts diséussad
the issue of compatibility across models, as well), Typically, questions would involve
functionz_ﬂ aspects qf or explanatory frameworks for the referent. Two aduis made the
§dditional poinc that there could be several competing models for the same thing which
in wm, would carry different implications or make - different predictions, Very fe-.a;
(9% and 9%) of the mixed-ability 7th and honors {1th graders even hinted ar thig
sense of multipie modets by saying that there could be two or more ways of “explaining
it.

Changing a model. None of the experts hesitated 1o say that scientific models

jl'wol of the four strongiy stated thar changing a model was net only possible, it was
inevitable. One s-tatfsd, “If we take the sugzsstion seriously that basically sciencs is
the game of predictive and explanatdry model building and testing, then it almeost is

a point of definition thar that’s the casa (i.c., models change].” The IWo other experts’

commented, more generally, thar a modej would be reptaced by a bemer one (ie.,a
berter tool for answering questions) or by one thar incorporated newer, more appropriz'ue
mathematics, Although'the student ideas ars somewhar consistent with-expert views,
they do not convey the sense in which models would be changed 10 aid our interpretation

change if it wasn't made cormrectly, Thus, for students, changing a mode! is a marter
of adding new information or teplacing a part that was made wrong.

In summary, experts agree that (a) there are both physical and abstract models,
{b) models hetp us understand or think about phenomena, (c} the validity of a model

rc_ai world, (d) differant models of the same phcnomcnén can be built to accommodare
different purposes, and (e) sciemific models can be replaced by bener ones. Swudents
tended © think that (a) models are physical or visual in namwre, {b) they show or help
communicate information about real things, (c) differenmt modais of the same thing
show literally diffarent aspects of real things, and (d) scientific models can change if
they are made wrong or if new information is found. Thus, the experts ended (o talk
about models in terms of actively formulating and testing our ideas about reality,
whereas students tended 1o point © a more immediate ransparency between reality
and models., )

The Application of Criteriq Analysiy

One might argue that if one has a strong conception of what models are then one
should have some articulated criteria thar can be applied or at least coasidercd across
any uumlbcr of instances. Here we analyze whether smudents and experts consistently
used: particular riteria for deciding whether centain physical items were models. Subjects
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were given 2 small metal toy airplane, a photograph of an old house, a schematic map
of the Boston subway system, and a diagram of the water cycle from a middie schaool
science textbaok. All subjects were asked whether they could call each item a model,
and to explain their answers., We then categorized their reasons and tallied the number
of imes they used the same criterion across items.

Only about half of each group (58% of mixed-ability 7th graders and 50% of
honors | 1th graders) applied a consistent criterion across three or more items, whereas
all of the experts applied at least one criterion across all four items. This may mean
that haif of the students in each group do not have consistent notions of what models
are; they invoked different critenia depending on what item they were shown,

There is a difference in the types of criteria thar students in the two groups appiy
consistently. Among those students who did apply a consistent eriterion, almost haif
(45%) of the hronors [1th graders but none of the mixed-abilicy 7th graders appealed
w whether the item would “help you,” i.e.. whether the jtem ¢xplained, simplified,
taught you things, or made the real thing easier to understand. In contrast, almost half
{42%} of the mixed-ability 7th graders and 9% of the honors L1th graders simply
considercd whether the items showed the real thing and its parts.

Other criteria were invoked by both the mixed-ability 7th and honors 11th graders,
aithough less often. These included considering whether the item was a replica or
miniaure (16% and 9%, respectively), a representation per se (of something real)
(16% and 18%), and whether it was thres-dimensional and touchable or a two-dimensional
picture or diagram (21% and 18%). In addition, a small number of honors 11th graders

_considered the item's accuracy needed for its purpose (9%), and if it could be used

to design something, make something berer, or ses if it would work (also 9%).

Three of the adults consistently considered whether the item was jrself 2 representaton
or not. The fourth adult {and one of the previous three) evaluaied whether the item
could be used to answer questions or obtain useful information. '

Levels of Undersianding Analvsis

We couid identify three general levels of thinking about models, reflecting different
epistemological views about models and their use in sciencs. The levels summarize
the kind of understandings and conceptions of models that emerged from the interview
as a whole. The three general levels differ in how one describes the relationship of
models to reality and the role that ideas play with respect to models,

[n a geperal level | understanding, models are thought of as either toys or simple
copies of reality. Models are thought to be useful because they can provide copies of
acmal objects or actions. If students acknowledge that some aspects or parts of the
real thing can be left out of the model, they do not express a reason for doing so
beyond the fact that one might want or need to.

In a general level 2 understanding, the student now realizes that there is a specific,
explicit purpose that mediates the way the model is coostructed. Thus, the modeler’s
ideas begin to play a role, and the student is aware that the modeler makes conscious
choices about how 10 achieve the purpose. The mode! no longer must exactly correspond
with the real-world object being modeled. Real-world objects or actions can be changed
or repackaged in some limited ways (e.g., through highlighting, simplifying, showing
Specific aspects, adding clarifying symbols, or crearing different versions). However,
the main focus is stll on the model and the reality modeled, not the ideas porraved
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per se. Further, tests of Vlhc model are not thought of as tests of underlying id,
of the workability of the model itself. ying ideas bar

Finally, a general level 3 understanding is characterized by three important factors,

First, the model is now constructed in the servies of developing and testing ideas mather
than as s%-rving as a copy of reality itself. Second. the modeler takes an active role jn
constructing the model. evaluating which of several designs could be used 10 serve
the :'nodcl's purpese. Third, models can be manipulated and subjected to tasts in the
service of informing ideas. Thus, they provide information within a cyclic constructive
process. ‘ ‘

Gcr_lcral levels were assigned 1o students based on six separately scored dimensions
These six dimensions concem (a) the role of ideas, (b) the use of symbols: (e} th.;
role-of the modeler, (d) communication. (e) testing, and (f) multiu‘licity i;1 model
building. Students were scored as providing a level 1; 2, or 3 answer for each diﬁ:ension
These scores, in mwm, were used to derive a general level score for each student. A
general level score is either “pure” or “mixed.” A student scoring at the same level
across five or six dimensions was considersd “pure.” Smdents scoring at one level
across \Ewo, three, or four dimensions and the adjacent level for the remainder of the
cllr.ncnsmns was given a “mixed” level scare. Mixed level scores always invoived
ad}arl:cnt levels. Three of the authors conducted the interviews and each scored ap-
proximarely one third of the student interviews, assigned randomly. Twelve interviews
were scored twice, independendy by two researchers. Agresment in scoring levels of
undcrst.anding was found to be 84%, a higher level than was artained by C:rcv et al.

Using this scheme, we found the majority (67%) of mixed-ability 7th graders had
pure level | scares. Only (2% of the mixed-ability 7th graders had pure level 2 scores.
and 18% had mixed level 1/2 scores. Only 23% of the honors |}th graders had pure
level | scares, The rest were divided evenly between the mixed lcv;l 1/2 (36%) and
the pure level 2 (36%) scores. No student in either grade received enough level 3
scores to be given 2 mixed level 2/3 score. All of the expert interviews resorated with
the three tl:lcmcs that we 00k as providing a general level 3 understanding. There
were 2lso interesting differences in the ideas with which each expert seemed most
engaged. For example, one expert spoke about finding phenomena which would fit a

new model or new mathematics. Another expert discussed how differcnt representational
codes might bear on a model’s meaning. :

Discussion

In this st}ldy,' we pave begun to assess students’ conceptions of models and haw
models ful?cuon in science by administering a2 clinical intervisw abour models to 2
group of mixed-abiliry 7th and honors 11th grade smdents. The results appear promising

in that (a) students do appear to have preconceptions about modals, (b) certain themes

regularly recur '{n individual interviews, (c) there are some interesting differcnces in
tife themes of mixed-ability 7th and honors [ 1th grade students, and (d) there are many
differences betwesn student interview themes and those of experts.

!mg.ﬁcaﬁans for Understanding Students’ Epistamologies of Science

As fneuiiqncd earlier, Carey et.al. (1989) interviewed seventh graders about their

. ——
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sudents’ ideas about the namure and relationship of hypotheses, experiments, and.
unexpected results, Three different viewpoints were distinguished. in the present study,
we have interviewed students about models and their use in science and have also
identified 2 three-level seres of viewpoints. Although our thres levels may differ in
quance and specific detail from the three levels proposed by Carey et al., the two
series do seem conceptually parallel.

in both our data and Carey's pretest data, the typical 7th grader exhibits a viewpoint
that is consistent with a simple copy theory epistemology (level 1). Although snudents
with a level | viewpoint about models do make some distnction between the model
and the thing modeled, the students still essentially think of modeis as lictte copies of
real-world objects. They believe thar the purpose of the model is to be like the real
thing and only vaguely appreciate that models may be wrong, i.e., when they do not
work, are made wrong, or do not have encugh infonmation about the real thing in

- them. Thus, the level | student does not cleariy distnguish the ideas and/or purposes

underiying the model, the model itself, and the experimental dara which would support
or refute the validity or usefuiness of the modet. In a similar way, the level 1 student
in the system of Carey et al. has a conception of an experiment that does not distinguish
the hypothesis underlying the experiment, the experiment itself, and the dara that
would support or refute the hypothesis.

Becanse interviews .in Carey et al, were given only o mixed-ability 7th graders,
we cannot directly compare our data about 1}th-grade honors students’ conceptions
of models to data about their general conceptions of science, We have found, however,
that a number of honors 11th graders have what we describe as a level 2 viewpoint
about models. At level 2, students distinguish berween the ideas and/or purposes
motivating the model and the model itself, and realize that the purpose of the model .
diczates some aspect of the form of the model. Further, level 2 smdents talk about
how experimental evidence might show you that some aspect of your model was wrong
and nes=ds 10 be changed, and they imagine in a limited way how a model might have
10 be revised. These findings seem consistent with the characteristic level 2 advances
described by Carey et al. in which students distinguish hypotheses and experimental
dara.

Three features of our level 2 understanding of modeis suggest that the level 2
viewpoint is siill not a sophisticated constructivist one. First, our jevel 2 smdents still
fundamentaily se= models as representations of reai-world objects or events and not
as representations of ideas abowt real-world objects or events. Second. different models
ars thought to capture different spatiotemporat views of the object rather than different
theoretical views. And third, students ses models primarily as a means (o communicate
information about reat-world events rather than as a means o {est and develop their
ideas or theories about the world. '

Unlike the students who were interviewed about models, the experts articulated
clear levet 3 viewpoints with respect to models. in particular, experts believe models
are constructed in the services of developing and testing ideas and explanations about
phenomena. They belicve the modeler actively evaluates which of several designs will
best suit the madel's purpose. And they believe that the model can be manipulated
and subjected to tests that provide information about how the model may need to be
revised. These lével 3 themes are similar to the level 3 themes in Carey’s nature of
science work where the belief emerges that ideas can be developed, not just directly
tested, through a cumulative and cyclic process of experimentation, evaluation, and
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In sum. we believe our work extands Carey's work.in thres main ways. First, we
have extended the range of populartions sudied to include | 1th-grade honors students
and expens. Qur analysis of exper cesponses provided evidence that expert beliefs

l'mp!fcarians Jor Curriculum Development

.Thc results of our student interviews Suggest ways 1o build on student jdeas for
helping them develop a more sophisticated constructivist epistemology. First, it seems

seems that prior to understanding the role of interpretative or theoretical frameworks
in mf:de_l conswuction, students understand thar mode] constuetion is infiuenced by
Cefain intentions and purposes and thar there can be multiple models for a given
reaiity. These purposes include teaching, highlighting, explaining, and commuuic-:\tinﬂ
rather than simply playing or showing. Thus, giving students chances ro use or dcsiz;
modc‘ls for muitiple purposes may be a nawural way 0 lead them to reflecton a van'c-xy
of epistemological concems including the purpose of one's inquiry, the nature of what
one wishes 10 communicars, explain, or understand. how one is infortned, and the
ierplay between reality and one’s ideas abou it |

; .T:e imct_‘views also revealed that, in general, students seem o have had very
Imited experiences with scientific models, i f

the 7th graders rarely mentionad any qlz;e‘z? cslli:l::f:ict;i::l cﬁ;n;;lfcts;r? rr:fﬁ‘i:-.s&
equipment such as microscopes and telescopes with modals. P,st best, the 1l-grade
honors students Eave some examples of standard textbook mode!s such as the dia:;'ams
of atorns and the cireylatory system. It appears that the | 1th-grade honor stugcnt's
greater educational experience did not in fact lead the students lo‘bccomc more familiar
with models as “testers” of inierpredive frameworks, as bases from which 6 draw

] Clearly, if we want swdents o develop a richer conception of models, then it is
impartant for the science currictlum o provide smdents with more extensive experiences
with models and more _tir;_:e._,gp‘rcﬂect about those experiences. In light of what we
have lca.mcd about stugent preconceptions, we identify some: experiencas we believe
are particularly important 10 provide. First, it is important to provide smdents with
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Second. swudents need experiences with multiple models of the same phenomena
and with revising and/or modifying models as they encounter pew phenomena. In
presenting multiple models, it is especially important wo think, of models that do not
just provide physicaily different spatiotamporal views of the object but different concepral
vanrage points. [n this way, students may come to realize what a conceprual vantage
point is and how it can influence one's thinking. It could be useful to encourage
students (o develop models that reflect their own conceprual vantage point as well as
to present them with models developed by others. In the course of recognizing multiplicicy,
the probiem of developing criteria for mediating .among the diversity also arises.
Students can sez how models must be evaluated in part in terms of one's purpose and -
also how, given a single purpose, there can be several valid models for the same
phenomenon. Also, in pursuing a sustained investigation across a variety of related
probiems, students have the opporunity to consider how well a2 mode! handies not
just what one wishes to communicate but also one's questions and predictions about
phenomena. This experience would further provide an opportunity to consider the
importance of the scope and predictive and explanatory power of a mode! in its overall
evaluation.

Finally, we feel srudents not only need exiensive experience piaying with and
working with models but also reflecting on the nature of models themselves. Thus
some class time is needed for verbalizing “metaconcepmal” lessons abour models
embodied in the curricuium,

Future Directions and Further Work

We now sec ways that our interview could be madified in order to (a) test whether
more sophisticated answers could be elicited from students: and (b) further test our

~ description of the three lsvels of understanding models. In grder to probe student
- tnderstandings of abswract models, we plan to provide students with a richer set of

examples to work from and think about, including mathematical equations and graphs.
We will also probe student conceprions of predictive and explanatory models more
thoroughly. We plan to give the Carey et al. nature of science interview and our nature
of models interview to the same smdents, to further investigats the consistency of
student epistemologies of science across tasks, It will be interesting 10 discover in
further work how far secondary students would be able to progress in their understanding
of the construcrive nawre of science when provided with innovative curricula designed
to build on their current insights about modets.

Note ’ .

Preparation of this article was supported in part by a grant from the McDonneil

Foundation {#87-38), and by the Office of Educatonal Research and Improvememt
(#OERI 400~83—-0041), N
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