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تارییغت و نیوکت

نهذیتابساحم هیرظن رب يرورم اب



its full import is the source of many of the current prob- 
lems in our science curriculum. It has been noted that 
junior and senior high school texts often introduce more 
new vocabulary per page than foreign language texts. But 
in foreign language texts the concepts denoted by the new 
words are already known to the student; that is, they al- 
ready function in mentally represented schemata. But 
this is not so for new scientific vocabulary. Science as 
vocabulary lesson is a recipe for disaster, especially if un- 
derstanding is the goal. 

Indeed, the full force of students' lack of under- 
standing of what they have been taught in science has 
just begun to be grasped. Phenomena independently dis- 
covered by cognitive scientists and by educational re- 
searchers dramatically demonstrate this lack. 

The Phenomena of Misconceptions 
The phenomena I refer to are the misconceptions that 
prove so resistant to teaching. The diagnosis of miscon- 
ceptions has become a highly productive cottage industry 
(see, e.g., the proceedings of the International Seminar 
on Misconceptions in Science and Mathematics, Helm 
& N ovak, 1983). To illustrate the independent discovery 
of this phenomenon by educators and cognitive scientists, 
let me give two examples from mechanics. Remember 
your mechanics from high school or college physics? If 
you had no high school or college physics, see how you 
would answer the questions anyway, for your intuitions 
should be the same as those of the novices. If you had 
some physics but still have the novice intuitions, don't 
worry, that's part of the phenomenon of interest here. 

Consider the problem in Figure 2, panel A. A coin 
is tossed; in Position a it is on the upward part of its 
trajectory and in Position b it is on the downward part 
of its trajectory. Your task is to indicate, with little arrows, 
the forces that are acting on the coin at Position a and at 
Position b. Novice physicists (even those who have had 
a year of college physics in which they have been taught 
the relevant part of Newtonian mechanics) draw the ar- 
rows as in panel B; experts draw the arrows as in panel 
C (Clement, 1982). The novices explain their two arrows 
at Position a as follows: There are two forces acting on 
the coin in its upward trajectory--the force imparted 
when it was thrown up and the force of gravity. The former 
force is greater in the upward trajectory; that's why the 
coin is going up. In the downward trajectory the force of 
gravity is the only force, or else it is the greater of the 
two, which is why the coin is descending. 

Newtonians, in contrast, recognize only the force of 
gravity once the coin has been set in motion. Apparently, 
novices have a misconception about motion, one highly 
resistant to tuition, something like "no motion without 
a force causing it." This violates Newton's laws, which 
recognize a related conception: "no acceleration without 
a force causing it." 

Correspondence concerning this article should be addressed to Susan 
Carey, Department of Psychology (E 10-039N), Massachusetts Institute 
of Technology, Cambridge, MA 02139. 

Figure 1 
Context Sufficient to Make Sense of Balloons Passage 

Note. Reprinted from "Consideration of Some Problems in Comprehension" 
(p. 394) by J. D. Brsnsford and M. K. Johnson. In Visual Information Processing 
by W. G. Chase (Ed.), 1973, New York: Academic Press. Copyright 1973 by 
Academic Press. Reprinted by permission. 
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Closely analogous misconceptions have been docu- 
mented by other science educators, such as Viennot 
(1979), McDermott (1984), and Champagne and Klopfer 
(1984). Cognitive psychologists have also contributed to 
this documentation. For example, McCloskey (1983) de- 
scribed a slight variant of Clement's problem, with iden- 
tical results. McCloskey also contributed several new cases 
of mechanics misconceptions. Consider the following 
problem. The subject is to imagine a ball going offa frie- 
tionless cliff at 50 mph and is to draw its trajectory as it 
falls to the ground. The correct answer is a parabolic tra- 
jectory (Figure 3, panel A), because the ball continues to 
travel horizontally at 50 mph but accelerates in its down- 
ward motion due to gravity (the only force acting on the 
ball). Most subjects draw a roughly parabolic curve, but 
some (about one fourth) draw curves such as those in 
panels B and C, in which there is a period of pure down- 
ward motion, sometimes following a period of pure hor- 
izontal motion (panel C). Subjects explain these trajec- 
tories by saying that the force causing the horizontal mo- 
tion is dissipating and 1Lhat gravity then takes over. 

Analogous misconceptions are observed at other 
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 یلبقياه هراوحرط قیفلت مزلتسم يریگدای :ییارگزاسو تخاس سکوداراپ
دوش نآ نیزگیاج دیاب وس رگید زا یلو دیدج و

Novice-expert shift
ياه هراوحرط نتخومآ هکلب تسین ندناوخ دننام مولع شزومآ فده

تسا ناهج كرد ياربيا هزات



F i g u r e  2 
Problem (A), Novice Solution (B), and Expert 
Solution (C) 
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Note. Adapted from "Studenls'  Preconceptions in Introductory Mechanics" by 
J. Clement, 1982, American Journal of Physlos, 50(1), p. 68. Copyright 1982 
by the American Association of Physics Teachers. Adapled by permission. 
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levels of the science curriculum. Johnson and Wellman 
(1982) documented that young children misconceive what 
the brain is for; they consider it the organ of mental life 
and thus deem it necessary for thinking, dreaming, re- 
membering, solving problems, and so on, but deem it 
irrelevant to walking, breathing, sneezing, or even talking. 
One of  the fifth grades in which Johnson and Wellman 
did their research had a two-week curricular unit on the 
brain, complete with a discussion of the autonomic as 
well as the central nervous system. Children who had 
completed this unit were just as likely to see the brain as 
irrelevant to breathing and sneezing as were those who 
had not yet had the unit. 

Let me reemphasize that the mechanics misconcep- 
tions are also common after students have had relevant 
instruction (two years of physics--high school and col- 
lege). The teachers in the courses whose students make 
these responses are surprised, even incredulous. The point 

F i g u r e  3 
Expert Solution (,4) and Two Novice Solutions 
(B and C) 

A B C 
Note. Adapted from "Naive Theories of Motion" by M. McCloskey. In Mental 
A,f~eSs by D. Gentner and A. Stevens (F:ds.), 1983, I-Itllsd~,le, NJ: L.awrenoe 
Erlb~,um Assoclales, Inc. Copyrigtlt 1983 by Lawrence I::rllc)~,um Associates, 
Inc. Adapted by permission. 

here is that these misconceptions document failure of the 
curriculum to impart the hoped-for understanding. But 
much deeper points can be made about the same phe- 
nomena. 

Remember the paradox with which I began. Stu- 
dents, like anybody else, understand by relating incoming 
information to currently held knowledge schemata. In- 
formation presented in science lessons, even whole 
courses, is assimilated to existing knowledge structures, 
which differ in systematic ways from the knowledge 
structures the curriculum is intended to impart. Part of 
the paradox is resolved. Although students do not yet 
have the experts' mental schemata, they bring some sche- 
mata for understanding the physical, biological, and social 
worlds. This ensures some understanding of curricular 
materials. They are not in the position of readers of the 
serenade text, with no clues to any relevant schema for 
understanding the text or, worse, with no relevant sche- 
mata at all. But now we have another, much more difficult 
problem. How do the students' schemata differ from those 
of the experts? In the rest of this brief essay, I will discuss 
several proposals for how scientific schemata change in 
the course of acquiring more scientific knowledge. I hope 
to provide a feel for the complexity of the issues, to show 
that progress is being made, and to suggest that success 
will require the collaboration of cognitive scientists and 
science educators, who together must be aware of the un- 
derstanding of science provided by both historians and 
philosophers of science. In my view, answering this ques- 
tion should be our top priority. The answer provides the 
instructional challenge--it tells us what changes our sci- 
ence curriculum must effect. 

Knowledge Restructuring--the View 
From Cognitive Science 
Cognitive scientists place the work on misconceptions in 
the context of other research on the so-called novice- 
expert shift. As the name implies, the novice-expert shift 
is the change that occurs as a beginner in some domain 
gains expertise. Many domains have been studiedmmost 
extensively, expertise at the game of chess and expertise 
in the physical sciences, particularly mechanics. Chi, 
Glaser, and Rees (1982) provided an excellent review of 
the cognitive science research on the novice-expert shift. 
As they pointed out, three methods have been brought 
to bear on the description of how novices differ from ex- 
perts. The first (and most important) is the documentation 
of misconceptions, such as those sketched above. Other 
methods include analyses of perceived similarities among 
elements in the domain and information-processing 
analysis of how problems are solved. 

Research by Chi and her coUeages illustrates the use 
of the second method. Novices and experts were asked 
to group physics problems according to similarity. Nov- 
ices put together those problems that mentioned the same 
kinds of objects--problems about pulleys were grouped 
together, problems about inclined planes were grouped 
together, and so on. Experts, in contrast, placed together 
those problems solvable with Newton's laws of motion, 
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تخانش واه ییامنزاب

.دراد عجرمکیییامنزاب ره ،هناخریوصتایبیسهملکدننامییامنزاب
:ییامنزابياه یگژیو
يوحن-

لبمس يانعم اب طابترا رد یتخانش تللاد--

 هک تساییاهدنیآرف هدنیامن ودنک یم ییامنزاب لبمس اب نهذ هک يراکتسد ای تایلمع عون ره :هبساحم
.دنهد خر نهذ جراخ رددنناوت یم

.دهد یم ماجنا اه ییامنزاب يور رب نهذ هک )شزادرپ( هبساحم لصاح :تخانش



اه موهفم ءاشنم واه ییامنزاب عاونا

یعازتناایینیعياه تیهام هب ودنراد اوتحمهکیبصعهناماس تلااح(ینهذياه ییامنزاب

)دنا طبترم
:اه موهفم ءاشنم
:دنتسه توافتمینامزياه مازلاابدنیآرف هس لصاح لاومعمیموهفمياه ییامنزاب
يدارفنايریگدای•

)رسک وكایاک ،نژ(یگنهرف/یخیراتزاس و تخاس•
 )ددع ،مسج(لماکت•



اه موهفم ءاشنم واه ییامنزاب عاونا

یتح ویعازتنا ،ینیعياه تیهام هب فوطعم :ینهذياه ییامنزاب :یبصعهناماس تلااح

اهدادیور واه یگژیو ،یلیخت
 ندشيدامن ......... نابزيریگدای و دشر ..... )یکاردا-یسح( :اه ییامنزاب عاونا لوحت
)یموهفم( ..........
 ویعازتنا(اهزیچيدنب هتسد ،دنتسه ناهج ردهکییاهزیچییامنزاب :یموهفمياه ییامنزاب
میرادنمیقتسمیسح دهاوشاه نآياربهکییاهزیچییامنزاب ،)راب-يروئت



میهافم واه ییامنزاب

 دهاوش روضح نودب وراب هیضرف ،یعازتنا عاونااباه تیهاميدنب هتسد :یموهفمياه ییامنزاب
)... و دادعا ،هدنز تادوجوم(یسح
اهيروئت واهروابناگدنزاس ،رکفتياهدحاو ،ینهذياه ییامنزاب :میهافم

؟دننک یم صخشم ار موهفمکیياوتحمییاهزیچهچ
نآهنماد رد ناهج ردییاه تیهام هبییامنزابهدننک طبترمیلعياهراکوزاس
دنک یم صخشم اررکفت ردییامنزابشنکهک نهذ ردیتابساحمدنیآرف



میهافم واه ییامنزاب
 :یتخانش یتسهياه يدنب هتسد
)تاساسحا-اهدصق(ینهذ تلااح و )آرب-میقتسم(اهدنیآرف ،)ماسجا-داوم(اهزیچ



موهفم يانعم
üتسا هدش هتفریذپ رظن دروم تیعمج طسوت هک یمومع ي هدیا کی. 
üای اهوگلا ،)اه توافت و اه تهابش( يدنم هدعاق دروم رد ییانعم ي هتسب کی ای 

 ای دوش یم صخشم بسچرب کی اب موهفم کی .اهداد يور و ءایشا نیب طباور
.هناشن کی طسوت یهاگ

üگس ای زیم دننام اه یگژیو هب هجوت اب میهافم ندش ینورد.
üدنرشب نهذ ياه هتخاس و دنتسه یعازتنا میهافم.
üای ،يژرنا یگتسیاپ دننام دنا هدش لیکشت هژاو کی زا شیب زا میهافم یهاگ 

.ناعیم ،یلولس میسقت ،يژرنا لاقتنا ای هام ي هلها .لداعتم ياهورین
üهدیا کی هب مینک فیرعت ای میهد حیضوت ار موهفم کی مینک یم یعس یتقو 

.دوش یم لیدبت



:دناوتب هک هدرک كرد ار یموهفم زومآ شناد یماگنه
.دنک رکف نآ اب-1
.دربب راک هب يریگدای ي هنیمز زج هب يدراوم رد ار نآ-2
.دنک نایب شدوخ نابز هب ار نآ-3
.دنک ادیپ شدروم رد نآ دننام ای هراعتسا کی-4
.دزاسب یکیزیف ای ینهذ لدم کی نآ زا-5
ندرک دوخ لام ار موهفم



رد روج اه هچب يدوهش كرد اب یملع میهافم زا یخرب
باتش موهفم دننام :دنیآ یمن

.دنربب راک هب ار اه هژاو دعب و دننک هبرجت ار میهافم دیاب اه هچب
 وگو تفگ للاخ رد ای اه تیلاعف نیح رد دیدج ي هژاو یفرعم يارب نامز نیرتهب
.تسا اه تیلاعف دروم رد
.درک یفرعم ار هنماد ي هژاو ناوت یم گنوآ تیلاعف نیح رد لاثم يارب



:یموهفم كرد يارب شزومآ مازلا شش
 رکفت تیروحم اب و تدم زارد دنیآرف کی يریگدای-1
.تسا

ینغ و هدنرب شیپ یبای شزرا ندروآ مهارف-2
دنمورین ياه هئارا اب يریگدای زا تیامح-3
هدنهد دشر لماوع هب هجوت-4
زوما شناد يارب مظن ندرک رارقرب-5
لاقتنا روظنم هب سیردت-6



 يروئت ردمیهافم ریاس اب طابترا رد یخیرات هرود کی رد موهفم کی يانعم
.دوش یم صخشم هرود نآبلاغ

knowledge :ملع خیرات زا هتفرگرب هاگدید restructuring



 یموهفم كرد يارب شزومآ
یبرجت مولع رد





 رت کیدزن میهافم يوس هب اه موهفم شیپ زا :یموهفم رییغت داجیا
یملع میهافم هب

 ءاقترا روط هب هک تسا تلاوحت زا يا هناماس شناد :هژایپ
.دنسرب یگتسیاش دح هب ات ،دوش یم کیدزن تیافک هب هدنبای

 :یفاشتکا درکیور و ییارگ نتخاس توافت
 ،میروآ یمدوجو هب ار اه حیضوت ام مینک  یمن فشک ناهج ي هرابرد ار تقیقح ام
 يا هنوگ هب و مییامزآ یم ناهج ندرک ینیب شیپ يارب ناش تردق اب ار اه نآ
.ام هب تمدخ يارب ناش ییاناوت ساسا رب میهد یم ناشرییغت
.میهد یم ماجنا یعامتجا و يدارفنا ار راک نیا



 هب درآ زا کیک ندرک تسرد لثم یموهفم كرد
 ردوپ اب روتسد قبط کیک نرک تسرد ياج

هدامآ

ریخبت موهفم :لاثم



 یبای شزرا ياه هدنواک
ینیوکت-یصیخشت











 :باتش و ورین موهفم كرد ياه يراوشد
 هک نیا اب( تبسن کی تبسن كرد-1

 .دوش یم رت مک باتش دوش یم دایز تعرس
 کی تیصاخ هرمزور نابز رد ار ورین-2

.مسج ود شنکمهرب ات دنناد یم مسج
 تلع نودب تکرح هک نیا ي هدیا-3
 هبتکرح رییغت طقف ،اما .دتفا یمن قافتا
 مسج ود شنکمهرب نامه هک تلع کی

 .دراد زاین تسا
 نودب تیعضو هرمزور یگدنز رد
 .تسا ردان رایسب )ورین( شنکمهرب

 ياهورین روضح لصاح تکرح رییغت
 .تسا نزاوتمان

 نزاوتم ياهورین لصاح تخاونکی تکرح
 .شنکمهرب دوبن ای

 کی تخاونکی ياه تکرح رد لاومعم
 روضح كاکطصا مان هب ناهنپ شنکمهرب

.دراد




























